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Abstract

Cefotaxime is active against Escherichia coli, Klebsiella pneumoniae, Haemophilus influenzae,
Moraxella catarrhalis, Citrobacter, Enterobacter, Serratia, Neisseria gonorrhoea, Staphylococcus
aureus and Streptococcus pneumoniae. Cefotaxime cured the meningitis caused by Haemophilus
influenzae, penicillin-sensitive Streptococcus pneumoniae, and Neisseria meningitides. The
drug is metabolized in-vivo to desacetylcefotaxime and desacetylcefotaxime is converted into
3-desacetylcefotaxime lactone. Cefotaxime is administered intravenously and the dose is 50 mg/
kg given twice-daily, thrice-daily, and 4 times-daily in infants with a postnatal age of 1 week, 2 to
3 weeks and > 3 weeks, respectively, and it is 50 mg/kg thrice-daily in children. The elimination
half-life of cefotaxime ranges from 3 to 5 hours in infants and it is about 0.8 hours in children.
The total body clearance of cefotaxime ranges from 0.1 to 0.3 L/h/kg in infants, it is 0.11 and
0.74 L/h/kg in two children, and the renal clearance is lower than the total body clearance.
The total body clearance of desacetylcefotaxime is about 0.36 L/h/kg. Cefotaxime distribution
volume is lower than the water volume in both infants and children. This drug interacts with drugs;
the interaction may cause inhibitory or synergistic effects and the treatment with cefotaxime has
been extensively studied in infants and children. Cefotaxime penetrates into the cerebrospinal
fluid and the cerebrospinal fluid to serum ratio ranges from 10 to 26% for cefotaxime and from
21 to 29% for desacetylcefotaxime. Cefotaxime is transferred across the human placenta and the
umbilical cord to maternal blood ratio is 77% for cefotaxime and 99% for desacetylcefotaxime.
Cefotaxime migrates into the breast-milk in significant amounts. The aim of this study is to review the
dosing, efficacy and safety, metabolism, pharmacokinetics, drug-interactions, treatment, meningitis,
penetration into the cerebrospinal of cefotaxime in infants and children, and cefotaxime transfer
across the human placenta and migration into the breast-milk.

INTRODUCTION

Cefotaxime is resistant to many narrow-spectrum
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Therapeutic use of cefotaxime

The third-generation of cephalosporins, thus cefotaxime, are

B-lactamases and has good activity against most gram-positive
and gram-negative aerobic bacteria. However, activity against
Bacillus fragilis is poor, and the increasingly prevalent ESBLs and
KPCs confer resistant to cefotaxime. Cefotaxime has a half-life
in plasma of about 1 hour in adults and should be administered
thrice-daily to 6 times-daily for serious infections. The drug
is metabolized in-vivo to desacetylcefotaxime, which is less
active than is the parent drug. Concentrations achieved in the
cerebrospinal fluid are adequate for treatment of meningitis
caused by Haemophilus influenzae, penicillin-sensitive
Streptococcus pneumoniae, and Neisseria meningitides [1].

Spectrum of activity of cefotaxime

Cefotaxime is active against Escherichia coli, Klebsiella
pneumoniae, Haemophilus influenzae, Moraxella catarrhalis,
Citrobacter, Enterobacter, Serratia, Neisseria gonorrhoea,
Staphylococcus aureus, and Streptococcus pyogenes [1].

the drug of choice for serious infections caused by Escherichia
coli, Klebsiella, Proteus, Providencia, Serratia, and Haemophilus
influenzae. Cefotaxime is used for the empiric treatment of
meningitis in non-immunocompromised infants and children
(in combination with vancomycin and ampicillin pending
identification of the causative agent) owing to their excellent
activity against Haemophilus influenzae, sensitive Streptococcus
pneumoniae, Neisseria meningitides, and gram-negative enteric
bacteria. Cefotaxime has excellent activity for the treatment of
community-acquired-pneumoniae [1] (Figure 1 and Figure 2).

Literature search

The literature search was performed electronically using
PubMed database as search engine and the following key words
were used: “cefotaxime dosing infants, children®, cefotaxime
efficacy, safety infants, children”, “cefotaxime metabolism”,
“cefotaxime pharmacokinetics infants, children”, “cefotaxime
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Figure 1 Cefotaxime molecular structure (molecular weight = 455.47
grams/mole).
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Figure 2 Desacetylcefotaxime molecular structure (molecular weight
=413.4 grams/mole).

Figure 3 3-Desacetylcefotaxime lactone molecular structure

(molecular weight = 395.42).

drug interactions”, “cefotaxime treatment infants, children”,
“cefotaxime penetration into the cerebrospinal fluid infants,
children”, “cefotaxime treatment of meningitis in infants, children”
“cefotaxime placental transfer”, and “cefotaxime migration into
the breast-milk”. In addition, the books: The Pharmacological
Basis of Therapeutics [1], Neonatal Formulary [2], NEOFAX® by
Young and Mangum [3], and The British National Formulary for
Children [4] were consulted.

RESULTS

Administration schedules of cefotaxime to infants
and children

Intravenous administration to infants [2]

Infants with a postnatal age of 1 week. Give: 50 mg/kg
twice-daily.

Infants with a postnatal age of 2 to 3 weeks. Give: 50 mg/
kg thrice-daily.

Infants with a postnatal age longer than 3 weeks. Give: 50
mg/kg 4 times-daily.

The dosage interval should be increased in infants with
severe renal failure.

A single intravenous or intramuscular dose of 100 mg/kg can
be used to treat neonatal gonococcal eye infection.

The mechanism of action of cefotaxime is the disruption
of the bacterial cell wall. The drug distributes widely into the
cerebrospinal fluid, bile, bronchial secretions, lung tissue,
ascetic fluid, and middle ear. Cefotaxime is metabolized into
desacetylcefotaxime which maintains antibacterial activity of
the parent compound; it is excreted renally and is incompatible

with azithromycin, fluconazole, protamine sulfate, sodium
bicarbonate, and vancomycin [3].

Administration schedule to children [4]
Intramuscular treatment of uncomplicated
gonorrhoea

Children aged 12 to 17 years. Give: 50 mg/kg thrice-daily
(maximum dose = 9 grams daily).

Intravenous treatment of febrile neutropenia

Children. Give: 50 mg/kg thrice-daily (maximum dose = 6
grams daily).

Intravenous treatment of meningitis

Children. Give: 50 mg/kg thrice-daily (maximum dose = 6
grams daily).

Intravenous administration for severe infections due to
sensitive gram-positive and gram-negative bacteria

Children. Give: 50 mg/kg thrice-daily (maximum dose = 6
grams daily).

Inhalational treatment of chronic Burkholderia infection in
children with cystic fibrosis

Children. Give: 1 gram twice-daily.

Efficacy and safety of cefotaxime in infants and
children

The efficacy and safety of cefotaxime were assessed with a
dosage of 50 mg/kg 4 times-daily and with 75 mg/kg thrice-daily
in infants and children. The dosage of 75 mg/kg thrice-daily is
preferable and does not compromise the efficacy and safety of
cefotaxime [5]. Cefotaxime has been found efficacy and safe in the
treatment of superinfections in children and has the advantage
of low rates of complications in hospitalized children [6]. The
utilization of cefotaxime in serious bacterial infections in infants
and children has become more widely accepted by paediatricians
and cefotaxime has been found efficacy and safe in paediatric
patients [7]. Cefotaxime and clindamycin was found similarly
efficacy than ampicillin, gentamicin, and clindamycin respect to
the duration of antibiotic administration, fever, leucocytosis or
length of hospitalization in children with ruptured appendicitis

(8]-
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Metabolism of cefotaxime

Following the administration of cefotaxime to humans,

cefotaxime was transformed into desacetylcefotaxime
and this metabolite was converted into the inactive
3-deseacetylcefotaxime lactone. Other two unidentified

metabolites of cefotaxime were detected in human plasma.
Desacetylcefotaxime accumulated in plasma when cefotaxime
was administered to patients with renal failure [9]. The
metabolism of cefotaxime was studied in human haemolysed
blood and a the metabolite desacetylcefotaxime was identified
[10]. The metabolism of [*C]cefotaxime was studied in-vivo in
rats, dogs, and humans. Excretion of radioactivity was similar in
all species, and greater than 80% of the dose was recovered in
the urine. Approximately one-third of the dose was eliminated
unchanged, and the major metabolite was desacetylcefotaxime.
Under normal circumstances these two products, both with
antibacterial activity, were the only materials detected in the
plasma and desacetylcefotaxime was converted into the inactive
3-desacetylcefotaxime lactone. Extensive studies have shown
that cefotaxime leads to desacetylcefotaxime and this metabolites
leads to the inactive 3-desacetylcefotaxime lactone and the rate-
limiting step is the formation of 3-desacetylcefotaxime lactone.
Other two unidentified metabolites of cefotaxime were detected
in human and animal plasma and urine [11].

Pharmacokinetics of cefotaxime in infants

McCracken et al. [12], studied the pharmacokinetics of
cefotaxime in 29 newborn infants, aged 1 to 7 days, who
received cefotaxime, ampicillin, and gentamicin. Cefotaxime was
intravenously infused at a dose of 50 mg/kg. Infants were divided
in two groups, group A consisted in 14 infants aged 4.0 + 1.6 days
and weighing 1,103 + 216 grams, and infants of group B had a
postnatal age of 3.5 + 1.7 days and weighted 2,561 + 607 grams.
Table 1 shows the serum concentration of cefotaxime in infants
of group A and B (Table 1 and Table 2).

Leroux et al. [13], investigated the pharmacokinetics
of cefotaxime in 86 newborn infants and older infants with
postmenstrual, postnatal age and body-weight of 1,658 + 905
weeks, 33.3 + 4.9 days, and 1,815 + 875 grams, respectively,
and cefotaxime was intravenously infused at a dose of 50 mg/kg
twice-daily. Table 3 summarizes the pharmacokinetic parameters
of cefotaxime which are obtained in these infants.

This table shows that the central distribution volume is
similar to the water volume, and the peripheral distribution
volume is lower than the central distribution volume suggesting
that cefotaxime remains in the blood.

von Hattingberg et al. [14], explored the pharmacokinetics
of cefotaxime in 6 infants with a gestational age and body-
weight of 34.7 + 2.1 weeks and 2.047 + 0.40 grams, respectively,
and in two children with a gestational age of 8.0 months and
3.7 years weighing 7.1 and 11.1 kg. Table 4 summarizes the
pharmacokinetic parameters of cefotaxime in these infants and
children.

Trang et al. [15], studied the pharmacokinetics of cefotaxime
and desacetylcefotaxime in 13 infants and children with
meningitis and cefotaxime was intravenously infused at a dose
of 50 mg/kg 4 times-daily. Cefotaxime and desacetylcefotaxime
concentrations were measured in serum and in the cerebrospinal
fluid. Table 5 shows the concentrations of cefotaxime and
desacetylcefotaxime in serum and in the cerebrospinal fluid
(CSF) (Table 5-7).

Interaction of cefotaxime with drugs

Hydrophilic antibiotics such as cefotaxime are potential
victims of drug interactions due to transporter inhibition [16].
The co-administration of cefotaxime with sodium-tazobactam
induces serious adverse-effects which were rash and prolongation
of hospitalization period [17]. Cefotaxime/Streptomycin in 1:10
molar ratio decreases the cefotaxime hydrolysing $-lactamase-15

Table 1: Serum concentration of cefotaxime in infants of groups A and B. Figures are the mean + SD and (range), by McCracken et al. [12].

Serum concentration (pg/ml) of cefotaxime
Time after the end of infusion (hours) Infants of group A (N = 14) Infants of group B (N = 15) *P-value
0 116+38.1 (46 - 186) 133+37.5 (76.0 - 208) 0.4159
0.5 95.6+11.2 (72 - 112) 107+38.8 (72.0 - 204) 0.4060
1 83.0+18.6 (48.0 - 122) 85.0+23.7 (77.0 - 128) 0.4159
2 69.8+12.5 (48.0 - 100) 78.9+15.1 (62.0 - 112) 0.4159
4 48.4+13.6 (18.0 - 65.0) 52.2+10.2 (36.0 - 71.0) 0.4159
6 34.4+12.1 (6.0 - 50.0) 38.1+6.9 (30.0 - 49.0) 0.4159

This table shows that cefotaxime decays rapidly after dosing. *Kruskal-Wallis test.

Table 2: Pharmacokinetic parameters of cefotaxime which are obtained in infants of groups A and B. Figures are the mean + SD, by McCracken et al.

[12].

Group of infants SHalf-life (h) AUC .. (ng*h/ml) DV (ml/g) TBC (ml/min/1.73 m?)
Group A 4.63+1.06 400+55.2 510460 23.0+4.9

Group B 3.37+0.94 392+76.6 440+70 43.9+19.8
*P-value <0.01 >0.05 <0.01 <0.001

SElimination half-life. DV = distribution volume. TBC = total body clearance. *Student t test.

J Pharmacol Clin Toxicol 9(1): 1153 (2021)
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Table 3: Final estimates of population pharmacokinetic parameters of cefotaxime and bootstrap analysis results, by Leroux et al. [13].

Final model Bootstrap analysis (N = 500)
Parameter Mean estimate %RSE Median 95% CI
TBC 0.21 3.9 0.21 0.20-10.23
FGA 2.27 9.4 2.30 1.94 - 2.66
FPNA 0.28 8.2 0.29 0.24-0.32
CDV 0.71 12.7 0.70 0.36-0.90
PDV 0.35 28.1 0.38 0.19-0.89
Q 0.27 38.1 0.26 0.10-3.75
%Interindividual variability of total body clearance
\ 21.0 \ 27.7 \ 20.0 \ 14.6 - 259
%Residual variability
\ 35.1 \ 137 \ 34.3 \ 30.2-385

TBC = Total body clearance. FGA = gestational age. FPNA = Postnatal age. CVD = central distribution volume. PDV = peripheral distribution volume.
Q = intercompartmental clearance. %RSE = %relative standard error. CI = confidence interval. At the time of sampling, the median gestational age,
postnatal age, and the body-weight were: 30 weeks, 12 days, and 1,665 grams, respectively.

Table 4: Pharmacokinetic parameters of cefotaxime which are obtained in infants and children. Figures are the mean + SD in infants and single values
in children, by von Hattingberg et al. [14].

Total body clearance (L/kg/h) Distribution volume (L/kg) Elimination half-life (h)
Infants 0.10+0.04 0.42+0.09 3.49+0.70
Child 1 0.47 0.31 0.46
Child 2 0.11 0.16 1.02

Table 5: cefotaxime and desacetylcefotaxime in the serum and CSF. Figures are the mean + SD and (range), by Trang et al. [15].

Serum concentrations of cefotaxime and desacetylcefotaxime (pg/ml)

Time after the end of infusion (h)

CSF concentration

0.25 1.0 6.0 of cefotaxime and CSF/Serum ratio (%)
desacetylcefotaxime (pg/ml)

Cefotaxime

121+23.1 (92.7 - 168) ‘ 61.4+26.2 (25.8-97.2) ‘ 1.6+3.1 (0.0 - 8.2) ‘ 6.2+5.0 (0.0 - 18.8) ‘ 10.1 (0.0 - 20.0)

Desacetylcefotaxime

13.3+7.8 (0.0 - 21.5) | 19.3+112(8.2-288)  7.8+78(0.0-205) | 56+7.3(0.0-231) 28.8 (0.0 - 103)

This table shows the serum concentration of cefotaxime is greater than that of desacetylcefotaxime and the concentration of cefotaxime is similar to
the concentration of desacetylcefotaxime in the cerebrospinal fluid.

Table 6: Urinary excretion and pharmacokinetic parameters of cefotaxime and desacetylcefotaxime which are obtained in 13 infants and children.
Figures are the mean + SD, by Trang et al. [15].

Urinary excretion (mg) ‘ Urinary excretion/dose (%) ‘ AUC, .. (ng/h*kg) ‘ TBC (L/h/kg)
Cefotaxime

3554223 614 12134763 0.174£0.09
Desacetylcefotaxime

205178 355 82.4:49.3 0.36320.377

TBC = total body clearance. This table shows that both cefotaxime and desacetylcefotaxime are renally excreted, the renal excretion-rate of cefotaxime
is greater than that of desacetylcefotaxime, and the total body clearance of cefotaxime is lower than that of desacetylcefotaxime.

This table shows that cefotaxime distribution volume is greater in infants than in the two children and the elimination half-life is longer in infants than
in children. Cefotaxime is cleared by metabolism and by renal route and both elimination pathways are better expressed in children than in infants.

gene efficiency significantly because of the fact that streptomycin
induced structural changes in the cefotaxime hydrolysing
-lactamase-15 gene hence cefotaxime was not properly bound
on its active site for hydrolysis rather available for the target
to inhibit Enterobacteriaceae [18]. The checkerboard method
was used to determine the antimicrobial activity of cefotaxime
combined with ofloxacin against 217 bacterial isolates causing
serious infections. Synergy or partial synergy was observed
against 19 of 34 (55.8%), Staphylococcus aureus methicillin-

susceptible isolates, 4 of 47 (8.4%) Streptococcus pneumoniae
isolates, 28 of 34 (82.2%), Escherichia coli isolates and 70 of 102
(68.5%) Pseudomonas aeruginosa isolates. Antagonism was not
observed with any of the isolates examined [19].

Treatment with cefotaxime in infants and children

Cefotaxime is a suitable alternative to the aminoglycosides
for the management of suspected sepsis in the newborn infants

J Pharmacol Clin Toxicol 9(1): 1153 (2021)
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Table 7: Comparison of cefotaxime pharmacokinetic parameters calculated by using model-dependent and non-compartmental methods for 13
infants and children with meningitis. Figures are the mean + SD, by Trang et al. [15].

Elimination rate Elimination half-life Distribution volume at steady-state | Total body clearance | Renal clearance (L/h/

constant (h?) (h) (L/kg) (L/h/kg) kg)
Model dependent method

0.987+0.338 ‘ 0.79 ‘ 0.316+0.109 ‘ 0.268+0.109 ‘ -
Non-compartmental method

0.954+0.381 ‘ 0.81 ‘ 0.361+0.197 ‘ 0.289+0.115 ‘ 0.174+0.094

This table shows that the model-dependent and the non-compartmental methods generate similar pharmacokinetic parameters of cefotaxime and
that the renal clearance is smaller than the total body clearance. Cefotaxime is cleared from the body by both metabolism and renal route, thus the
total body clearance accounts for the cefotaxime elimination by metabolism and renal route. Since cefotaxime is mainly eliminated by kidney (70%)
and to a lesser extent is converted to desacetylcefotaxime, renal maturation is expected to have a major impact on cefotaxime clearance. Moreover,
while renal maturation is completed by about one year of age, the metabolic pathway responsible for the biotransformation of cefotaxime is already
active at 27 to 28 weeks of gestational age. The interindividual variability of cefotaxime total body clearance is explained by the wide range of the

gestational and postnatal ages, reflecting the influence of both antenatal and postnatal maturation.

[20]. The recommend dosing of cefotaxime is as follows: 25 mg/
kg twice-daily for preterm infants aged < one week of age, thrice-
daily for preterm infants aged one to 4 weeks, and term infants
aged < one week of age, and every 4 times-daily for term infants
aged > one week [21]. Treatment with cefotaxime was effective
against multidrug resistant Haemophilus influenzae [22].
Standard intermittent cefotaxime dosing-regimens in critically
ill children are not adequate to reach the target. Continuous
infusion was the only administration that enabled the target
to be attained for children aged > 1 month. As the continuous
administration is achievable in the paediatric intensive care unit
it should be considered for clinical practice [23]. Cefotaxime is
efficacy in the treatment of children with complicated urinary-
tract, lower respiratory-tract infections, bacteraemia, meningitis,
uncomplicated gonorrhoea, and skin, soft-tissue, bone, joints,
obstetric and gynaecologic infections [24]. Treatment with
cefotaxime is appropriate in children with urinary-tract
infections [25]. Cefotaxime alone is the appropriate therapy
for conditions previously treated with aminoglycosides (other
than Pseudomonal infections). Cefotaxime offers potentially
important clinical and practical advantages, is free of serious
adverse-effects, and freedom from the need to undertake drug
plasma concentration monitoring [26]. Cefotaxime is effective in
the treatment of children with serious infections caused by gram-
positive and gram-negative organisms [27]. Optimal cefotaxime
dosing-regimen are: 25 mg/kg twice-daily in the first 7 days of
life, thrice-daily in the first 3 weeks of life, and 4 times-daily in
older infants and children [28].

Penetration of cefotaxime into the cerebrospinal
fluid of infants and children (CSF)

Cefotaxime plasma and CSF concentrations were measured
in 30 infants and ranged from 2.30 to 175.42 pg/ml in plasma
and from 0.39 to 25.38 pg/ml in the cerebrospinal fluid, and
the median ratio of the CSF to the plasma concentration was
0.28 (range, 0.06 to 0.76) [29]. Two grams of cefotaxime were
intravenously infused to 6 children with inflamed meninges and
the concentration of cefotaxime in the CSF ranged from 0.14
to 1.81 pg/ml at a median time of 3 hours following the end of
infusion. The elimination half-life of cefotaxime in the CSF ranged
between 5.0 to 26.9 hours (median, 9.3). The concentration of
cefotaxime in the CSF reliably inhibits the growth of staphylococci

and penicillin G-resistant Streptococcus pneumoniae [30]. Ninety
Children with bacterial meningitis were treated with cefotaxime
at a dose of 300 mg/kg daily and with vancomycin at a dose
of 60 mg/kg daily. The median concentrations of cefotaxime
and desacetylcefotaxime in the CSF were 4.4 and 3.2 pg/ml,
respectively [31]. Fourteen children, aged 9 days to 5 years, with
bacterial meningitis received cefotaxime at a dose of 40 mg/kg
daily and cefotaxime and desacetylcefotaxime were measured in
the plasma and in the CSF (Table 8).

Thirty-three children with bacterial meningitis were treated
with cefotaxime at a dose of 50 mg 4 times-daily and the mean
concentration of ceftizoxime in the CSF was 0.45pg/ml and it
ranged within a wide interval according to the post-dose interval
and the duration of illness [32].

Treatment of meningitis with cefotaxime in infants
and children

Le Saux [33], reported the guidelines for treatment of
bacterial meningitis in infants aged > 1 month. Cefotaxime
dosage is 75 mg/kg 4 times-daily and the maximal dose is
4 grams twice-daily [34]. Feldstein et al. [34], reviewed the
efficacy of cefotaxime in treating the meningitis caused by
gram-negative bacteria. Cefotaxime displayed excellent activity
against ampicillin-resistant f3-lactamase producing Haemophilus
influenzae. Cefotaxime was 98.6% effective for the three most
commonly encountered gram-negative meningeal pathogens.
Cefotaxime was used as a single agent in 75.0% of the reported
cases and the overall cure-rate against all gram-negative isolates
was 96.3% [35]. Salmonella typhimurium is the commonest
organism causing meningitis and 89.7% of the infections occur
in children aged < 1 year and cefotaxime has a cure-rate of 84.6%
[36]. Cefotaxime was administered to 47 children, aged 22.8 +
25.3 months with bacterial meningitis caused by Haemophilus
influenzae type b, Neisseria meningitides, Streptococcus
pneumoniae, Escherichia coli, Streptococcus agalactiae, and
Salmonella species and cefotaxime is safe and efficacy in
the treatment of bacterial meningitis [37]. Cefotaxime was
administered at a dose of 200 mg/kg daily for 7 days to 38 infants
and children, aged 6 weeks to 16 years, with bacterial meningitis
and full recovery was observed in 71.1% of children [38]. Eighty-
five infants and children with bacterial meningitis were treated
with cefotaxime and the meningitis was cured in all children [39].

J Pharmacol Clin Toxicol 9(1): 1153 (2021)
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(range), by Asmar et al. [32].

Table 8: This table shows the concentrations of cefotaxime and desacetylcefotaxime in the plasma and in the CSF. Figures are the mean + SD and

Cefotaxime and desacetylcefotaxime concentrations (pg/ml)

Early sampling (36 to 48 hours) Late sampling (14 days)

Plasma ‘ CSF Penetration ratio (%) Plasma CSF Penetration ratio (%)
Cefotaxime

16.7+14.7 6.0+10.2 27.7+16.2 6.6+4.3 1.2+0.9 25.7+21.0

(5.1-55.7) (0.74 - 38.8) (7.0 -39.7) (1.7 -13.6) (0.6-3.1) (4.5 -64.7)
Desacetylcefotaxime

8.1+4.2 4.6+7.0 51.9+54.5 5.4+1.9 1.1+0.8 20.8+9.3

(2.5-20.1) (0.89 - 27.4) (12.2 - 219) (15-9.5) (0.5-2.1) (8.9 - 40.0)

This table shows that the penetration ratio of desacetylcefotaxime into the cerebrospinal fluid is higher than that of cefotaxime. The penetration ratio
of cefotaxime is similar at the early and late sampling times whereas that of desacetylcefotaxime is higher at early than late sampling times.

Placental transfer of cefotaxime in women

In literature there is only a study on the placental transfer
of cefotaxime and it has been reported by Lepercq et al. [39].
Eight pregnant women were treated with cefotaxime at a dose
of 2 grams at the onset of labour, then 1 gram 6 times-daily
until delivery and cefotaxime concentration was measured in
maternal and umbilical cord blood. The maternal infective agents
were Streptococcus marcescens, Escherichia coly and Klebsiella
pneumonia (Table 9 and Table 10).

Migration of cefotaxime into the breast-milk

Cefotaxime was given as an intravenous bolus injection at a
dose of 1 gram to 42 breastfeeding women and the concentration
of cefotaxime in the beast-milk averaged to 0.32 + 0.09 pg/
ml 2 hours after dosing. The milk to serum ratio of cefotaxime
concentration increases as the serum concentrations diminishes
[40]. The migration of cefotaxime into the breast-milk was
studied in 12 breastfeeding women who received 1 gram of
cefotaxime. This drug peaked in the breast-milk 2 to 3 hours after
dosing and the peak concentration ranged from 0.25 to 0.52 pg/
ml. Cefotaxime concentration in the breast-milk could affect the
oropharyngeal flora of the suckling infant [41].

DISCUSSION

Cefotaxime is resistant to many narrow-spectrum
-lactamases and has good activity against most gram-positive
and gram-negative bacteria. Cefotaxime is active against
Escherichia coli, Klebsiella pneumoniae, Haemophilus influenzae,
Moraxella catarrhalis, Citrobacter, Enterobacter, Serratia,
Neisseria gonorrhoea, Staphylococcus, and Streptococcus
pyogenes. Cefotaxime is used for the empiric treatment of
meningitis in non-immunocompromised infants and children
owing to the excellent activity against Haemophilus influenzae,
sensitive Streptococcus pneumoniae, Neisseria meningitides,
gram-negative enteric bacteria, and community-acquired-
pneumoniae. For the treatment of meningitis caused by these
organisms, cefotaxime is associated with vancomycin and
ampicillin [1]. Cefotaxime is administered intravenously or
intramuscularly and the dose is 50 mg/kg twice-daily, thrice-
daily or 4 time-daily in infants with the postnatal age of 1 week, 2
to 3 weeks, and > 3 weeks, respectively [2]. In children the dose
is 50 mg/kg thrice-daily [4]. Cefotaxime has been found efficacy
and safe in infants and in children [5-8]. In infants, cefotaxime
dosage of 75 mg/kg thrice-daily is more efficacy and safe than

Table 9: Cefotaxime doses and cefotaxime concentrations in the maternal and umbilical cord blood. Figures are the mean + SD and (range), by

Lepercq et al. [39].

Intrapartum

Cefotaxime concentration (ng/ml)

Delivery

30 min Mother

Umbilical cord

Cord to mother
concentration ratio of
cefotaxime (%)

Time (min) from last
administration to delivery

44.1+8.6 (15.3 - 63.6) 9.7+4.6 (1.95 - 35.3)

4.1+1.3 (0.72 - 8.49)

111+28.2 (15 - 225) 77.0+23.7 (5 - 172)

30 min = blood specimens were collected 30 min after the first administration. This table shows that cefotaxime crosses the human placenta and

achieves significant concentrations in the umbilical cord blood.

Table 10: Desacetylcefotaxime concentrations measured in the mother and umbilical cord blood. Figures are the mean + SD and (range), by Lepercq

etal. [39].

Desacetylcefotaxime concentrations in the maternal and umbilical cord blood (pg/ml)

Intrapartum

Delivery

30 min Mother

Cord to mother concentration ratio

Umbilical cord of desacetylcefotaxime (%)

10.9+1.3 (4.77 - 14.1) 62+0.9 (3.17 - 10.2)

5.5+1.1 (3.15 - 12.2) 99.4+20.1 (31 - 187)

30 min = blood specimens were collected 30 min after the first administration. This table shows that desacetylcefotaxime freely crosses the placenta
and reaches similar concentrations in the maternal and umbilical cord blood.
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50 mg/kg 4 times-daily [5]. This antibiotic is efficacy and safe in
the treatment of superinfections in children [6], in the treatment
of infections in paediatric patients [7], and the combination of
cefotaxime with clindamycin is effective for the treatment of
fever, leucocytosis and reduces the hospitalization length in
children with ruptured appendicitis and it is similarly efficacy
than ampicillin, gentamicin, and clindamycin [8]. Cefotaxime is
metabolized into desacetylcefotaxime in-vivo and this metabolite
maintains the antibacterial activity of the parent compound
[9-11], desacetylcefotaxime is converted into the inactive
3-desacetylcefotaxime lactone, two unidentified metabolites
were isolated from the human plasma [9,11], and about one-
third of cefotaxime dose is excreted unchanged in the urine [11].
The pharmacokinetics of cefotaxime were studied in infants
and McCracken et al. [12], observed that cefotaxime serum
concentration rapidly decreases in infant serum. These authors
clustered the infants into two groups, based on the body-weight,
and the mean half-life is 4.63 and 3.37 hours and the total body
clearance is 23.0 and 43.9 ml/min/1.73 m?in these two groups
of infants. The cefotaxime half-life decreases and the total body
clearance increases in infants with higher body-weight. The
pharmacokinetics of cefotaxime were studied in 13 infants and
children, the half-life and the total body clearance of cefotaxime
are about 0.8 hours and about 0.3 L/h/kg, respectively, the renal
clearance of cefotaximeisaboutonehalfofthe totalbody clearance,
and the distribution volume is about 0.3 L/kg [15]. Cefotaxime
is cleared from the body by renal route and by metabolism
and these elimination pathways are greater in children than in
infants because they increase with the infant maturation and
child development. The urinary excretion-rate to dose ratio is
61.4% for cefotaxime and 35.3% for desacetylcefotaxime and
the total body clearance of desacetylcefotaxime is greater than
that of cefotaxime [15]. Cefotaxime interacts with drugs [16-19].
Cefotaxime inhibits the transport of drugs [16], cefotaxime co-
administered with sodium-tazobactam induces rash and prolongs
the hospitalization period [17], streptomycin decreases the
cefotaxime hydrolysing $-lactamase-15 gene [18], and cefotaxime
combined with ofloxacin produces a synergistic activity in
isolates of Staphylococcus methicillin-susceptible,
Streptococcus pneumoniae, Escherichia coli, and Pseudomonas
aeruginosa [19]. The treatment with cefotaxime was studied in
infants and children [20-28]. Cefotaxime is an alternative to the
aminoglycosides for the management of sepsis in infants [20],
Kafetzis et al. [21], provided the dosing-regimens for infants with
different postnatal ages. Cefotaxime is effective in the treatment
of multidrug resistant Haemophilus influenzae [22]. Continuous
infusion of cefotaxime is more adequate than intermittent
administration for the treatment of bacterial infections in infants
and children [23]. Cefotaxime is efficacy in the treatment of
children with complicated urinary-tract, lower respiratory-
tract infections, bacteraemia, meningitis gonorrhoea, and skin,
soft-tissue, bone, joints, obstetric and gynaecologic infections
[24]. Cefotaxime is the appropriate treatment of children with
urinary-tract infections [25]. Cefotaxime alone is the appropriate
therapy for conditions previously treated with aminoglycosides,
offers clinical and practical advantages and is free from serious
adverse-effects [26]. Cefotaxime is effective in the treatment of
children with serious infections caused by gram-positive and
gram-negative organisms [27]. Papadatos et al. [28], provided

aureus

the cefotaxime dosing-regimens for the treatment of serious
infections in infants and children. The penetration of cefotaxime
into the cerebrospinal fluid has been extensively studied in
infants and children [29-33]. The concentrations of cefotaxime
range from 2.30 to 175.4 in the plasma and from 0.39 to 25.30
pg/ml in the cerebrospinal fluid, the median cerebrospinal fluid
to plasma ratio for cefotaxime is 0.28 (range, 0.06 to 0.73), and
the cefotaxime elimination half-life in the cerebrospinal fluid
ranges from 5.0 to 26.9 hours (median, 9.3) [29]. Cefotaxime
inhibits the growth of staphylococci and penicillin G-resistant
Streptococcus pneumoniae In the cerebrospinal fluid [30].
The penetration of cefotaxime into the cerebrospinal fluid was
studied by Asmar et al. [32], and following prolonged treatment
with cefotaxime, the cerebrospinal fluid to plasma ratio is 25.7%
for cefotaxime and 20.8% for desacetylcefotaxime [32]. Children
treated with cefotaxime at a dose of 50 mg/kg 4 times-daily
have a mean cefotaxime concentration fluid of 0.45 pg/ml in the
cerebrospinal [33]. The treatment of meningitis with cefotaxime
has been studied in infants and children [33-39]. Le Saux [33],
reported the guidelines for the treatment of bacterial meningitis
in infants, and Feldstein et al. [34] observed that cefotaxime
is efficacy in the treatment of meningitis due to ampicillin-
resistant -lactamase producing Haemophilus influenzae and
it is effective for more than 90% cases of meningitis caused
by gram-negative organisms. Cefotaxime cures the meningitis
caused by gram-negative bacteria in more than 90% children
[35], cures the meningitis due to Salmonella typhimurium [36],
and the meningitis caused by Haemophilus influenzae type b,
Neisseria meningitides, Streptococcus pneumoniae, Escherichia
coli, Streptococcus agalactiae, and Salmonella species in children
[37]. Cefotaxime administered to a dose if 200 mg daily for 7 days
cures the bacterial meningitis in children [38], and infants and
children with bacterial meningitis were cured with cefotaxime
[39]. Cefotaxime crosses the human placenta and the umbilical
cord to mother blood ratio is 77.0% for cefotaxime and 99.4%
for desacetylcefotaxime [39], and cefotaxime migrates into the
breast-milk in significant amounts [40,41].

In conclusion, cefotaxime is resistant to many narrow-spec-
trum f-lactamases and is active against most gram-positive and
gram-negative bacteria. In particular, cefotaxime is active against
Escherichia coli, Klebsiella pneumoniae, Haemophilus influenzae,
Moraxella catarrhalis, Citrobacter, Enterobacter, Serratia, Neisse-
ria gonorrhoea, Staphylococcus aureus, and Streptococcus pyo-
genes. Cefotaxime is administered intravenously or intramuscu-
larly and the dose of cefotaxime is 50 mg/kg twice-daily, thrice-
daily or 4 times-daily to infants with a postnatal age of 1 week, 2
to 3 weeks and > 3 weeks, respectively, and in children the dose
is 50 mg/kg thrice-daily. Cefotaxime is metabolized into desace-
tylcefotaxime, which maintains the antibacterial activity of the
parent compound, and desacetylcefotaxime is converted into the
inactive 3-desacetylcefotaxime lactone. The elimination half-life
of cefotaxime is about 4 hours in infants and about 0.8 hours in
children. In infants, the total body clearance and the renal clear-
ance of cefotaxime are 0.289 and 0.174 L/h/kg, respectively.
The treatment with cefotaxime has been extensively studied in
infants and children; this antibiotic penetrates into the cerebros-
pinal fluid in significant amounts and cures the meningitis caused
by different organisms in infants and children. Cefotaxime and
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desacetylcefotaxime crosses the human placenta and the umbili-
cal cord to maternal blood ratio is 70.0 and 99.4% for cefotaxime
and desacetylcefotaxime, respectively, and cefotaxime migrates
into the breast-milk in significant amounts. The aim of this study
is the review of the clinical pharmacology of cefotaxime in infants
and children.
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