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Abstract

Ceftriaxone is a third-generation cephalosporin and is resistant to many narrow-spectrum B-lactamases and has good activity
against most gram-positive and gram-negative aerobic bacteria. Ceftriaxone is the drug of choice for treatment of serious
infections caused by Escherichia coli, Klebsiella, Proteus, Haemophilus influenzae, Moraxella catarrhalis, Citrobacter,
Enterobacter, Serratia, Neisseria gonorrhoea, Staphylococcus aureus, Streptococcus pneumoniae, and Streptococcus pyogenes,
and for severe forms of Lyme disease. Ceftriaxone treats ureteral, cervical, rectal, and pharyngeal infection, gonorrhoea, Lyme
disease, and bacterial meningitis. The efficacy and safely of ceftriaxone have been reviewed. Following intravenous
administration, ceftriaxone rapidly diffuses into the body with a distribution half-life of about 14 min. A half of ceftriaxone is
eliminated by renal route and the remainder is secreted into the bile. The elimination half-life of ceftriaxone is 6.4 hours in
patients with normal renal function and 21.4 hours in patients with renal failure. The prophylaxis, treatment, and trials with
ceftriaxone have been reviewed. Ceftriaxone penetrates into the cerebrospinal fluid in significant amounts, treats bacterial
meningitis, some bacteria may become resistant to ceftriaxone, and ceftriaxone is poorly transferred across the human placenta,
and poorly migrates into the breast-milk. The aim of this study is to review ceftriaxone efficacy and safely, pharmacokinetics,
prophylaxis, treatment, trials, penetration into the cerebrospinal fluid, treatment of bacterial meningitis, resistance to bacteria,
transfer across the human placenta, and migration into the breast-milk.
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Introduction

Pharmacology of ceftriaxone Ceftriaxone is a third-generation  Ceftriaxone is the drug of choice for treatment of serious infections

cephalosporin is resistant to many narrow-spectrum B-lactamases and has
good activity against most gram-positive and gram-negative aerobic
bacteria. Ceftriaxone activity is very similar to that of cefotaxime but a
longer elimination half-life of 8 hours allowing for only-daily dosing for
most indications. Administration of the drug twice-daily has been
effective for patients with meningitis. About half of the drug can be
recovered from the urine; the remainder is eliminated by biliary secretion.
Single doses of intramuscular ceftriaxone have long been used in the
management of ureteral, cervical, rectal, or pharyngeal gonorrhoea;
increasing resistance has necessitated the use of higher doses (recently
increased to 500 mg) [1].

Antimicrobial spectrum of ceftriaxone
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caused by Escherichia coli, Klebsiella, Proteus, Haemophilus influenzae,
Moraxella catarrhalis, Citrobacter, Enterobacter, Serratia, Neisseria
gonorrhoea, Staphylococcus aureus, Streptococcus pneumoniae, and
Streptococcus pyogenes, and for severe forms of Lyme disease.
Ceftriaxone is used for the empiric treatment of meningitis in non-
immunocompromised adults and children (in combination with
vancomycin and ampicillin pending identification of the causative agent),
owing to its excellent activity against to Haemophilus influenzae,
sensitive Streptococcus pneumoniae, Neisseria meningitides, and gram-
negative enteric bacteria. Ceftriaxone lacks activity against Listeria
monocytogenes and penicillin-resistant pneumococci, which may cause
meningitis. The antimicrobial spectrum of ceftriaxone is excellent for the
treatment of community-acquired pneumonia [1].
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Ceftriaxone molecular structure (molecular weight = 554.58 grams/mole)

Literature search

The literature search was performed electronically using PubMed
database as search engine and the following key words were used:
“ceftriaxone  efficacy, safely”, “ceftriaxone pharmacokinetics”,
“ceftriaxone prophylaxis” “ceftriaxone treatment”, “ceftriaxone trials”,
ceftriaxone CSF”, “ceftriaxone meningitis”, “ceftriaxone resistance”,
“ceftriaxone placental transfer”, and “ceftriaxone breast-milk”. In
addition, the book “The pharmacological basis of therapeutics” [1] has

been consulted.
Results
Efficacy and safely of ceftriaxone

Ceftriaxone administered intravenously at a dose of 2 grams twice-daily
effectively and safely treats patients with community-acquired
pneumonia [2,3]. Ertapenem and ceftriaxone administered intravenously
at a dose of 1 gram once-daily have similar efficacy and safely in
treatment of hospitalized patients with community-acquired pneumonia
[4]. Ceftriaxone administered intravenously at a daily dose of 2 or 4 grams
effectively and safely treats patients with amyotrophic lateral sclerosis
[5]. ceftriaxone administered intravenously at a daily dose of 250 mg
effectively and safely treats patients with uncomplicated gonorrhoea [6].
ceftriaxone administered intravenously at a daily dose of 2 gram
effectively and safely treats paediatric patients with urinary-tract, lower

respiratory-tract, skin, soft-tissue, bone and joint infections, bacteraemia,
and septicaemia caused by gram-negative bacteria [7]. treats serious
infections caused by gram-negative bacteria in paediatric patients [8], and
ceftriaxone administered intravenously at a dose of 50 to 80 mg/kg once-
daily effectively and safely paediatric patients infected by Haemophilus
influenzae,  Staphylococcus  aureus,  Streptococcus — pyogenes,
Streptococcus pneumoniae, or by Escherichia coli [9].

Pharmacokinetics of ceftriaxone in patients with severe sepsis

Joynt et al. [10]. studied the pharmacokinetics of ceftriaxone in 12
patients with nosocomial pneumonia, intraabdominal sepsis, or urinary
sepsis and ceftriaxone was intravenously infused at a dose of 2 grams
once-daily. The patients were aged 45+16 years (range, 33 to 68) weighed
62+13 kg (range, 52 to 96), had a creatinine serum concentration of
70.7424.2 ymol/L (range, 41 to 111), a creatinine clearance of 97.7+49.6
ml/min (range, 21 to 167), an album in concentration of 22.2+6.1 grams/L
(range, 19 to 31) and a bilirubin concentration of 39.6+50 umol/L (range,
9 to 155). Ten patients had normal renal function and 2 patients had renal
failure.

Table 1. Pharmacokinetic parameters of ceftriaxone which have been
obtained in 12 patients with nosocomial pneumonia, intraabdominal
sepsis, or urinary sepsis. Ten patients had normal renal function and 2
patients had renal failure. Values are the minimum, maximum, mean,
and+SD, by

Trough cone.
(ug/ml) =
Value Ve Vas K, K, K;; Tipe | Tiap TBC Peak conc. Day 1 Day 3
L) (L) (min?) | (ouo?) | (mio?) | (min) | (h) | (mlmin) (pg/ml)
Ten patients with normal renal function

Minimum 13 13.6 0.00022 0.013 0.012 6.0 418 230 148 <3 <5
Maximum | 7.2 226 0.0108 0.085 0.026 26.0 1.2 62.0 242 14.0 13.0

Mean 59 19.9 0.0072 0.042 0.017 133 6.4 413 205 8.8 9.6

+5D 13 33 0.0022 0.023 0.008 6.8 1.1 11.7 313 3.0 7.2

Two patients with renal failure

Patient 4 7.0 257 0.0031 0.022 0.008 210 | 145 220 205 21.0 250
Patient 11 6.5 412 0.0027 0.038 0.007 150 | 284 18.0 184 27.0 490
Mean 6.8 335 0.0029 0.030 0.008 18.0 | 214 199 194 242 36.9
+5D 03 11.0 0.0003 0.011 0.001 47 98 31 150 4.0 171

All patients (N=12)

Mean 6.0 224 0.0064 0.041 0.015 14.0 92 37.0 203 12.0 16.0

+5D 12 7.1 0.0026 0.022 0.008 7.0 6.9 14.0 290 7.0 140

Vc = distribution volume of the central compartment. Vss = distribution volume at steady-state. Kel = elimination-rate constant. K12, K21 = rate constant
between the two compartments. T120 = distribution half-life. T12f = elimination half-life. TBC = total body clearance. Peak conc. = peak concentration.
@Trough concentration of ceftriaxone measured at day 1 and at day 3 of treatment.
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This table shows that ceftriaxone rapidly distributes into the body with a
mean distribution half-life is 14 min and is slowly eliminated with a mean
elimination half-life is 9.2 hours in all patients. The comparison of the
pharmacokinetic parameters of ceftriaxone obtained in patients with
normal renal function to those obtained in patients with renal failure is
difficult because the small number of patients with renal failure however
the impression prevails that the pharmacokinetic parameters of
ceftriaxone are different in these two groups of patients. In particular, the
mean elimination half-life of ceftriaxone is 6.4 hours in patients with
normal renal function and 21.4 hours in patients with renal failure.
Ceftriaxone is largely eliminated by renal route thus the renal function is
an important factor for the clearance of ceftriaxone from the body. Joynt
et al. [10] stated that that moderate or severe renal failure causes
approximately three-fold increase in the elimination half-life, a 50%
increase in the distribution volume at steady-state, and halved the total
body clearance. There is remarkable inter-patient variability in the
pharmacokinetic parameters of ceftriaxone and this variability is
accounted by the wide variability in patient’s demographic characteristics
and disease.

Prophylaxis with ceftriaxone

Ceftriaxone administered intravenously at a daily dose of 2 grams
prevents both local and remote postoperative infections more effectively
(P-value = 0.01) than other antibiotics [11], intravenous ceftriaxone plus
intravenous metronidazole prevents the infection in children with
perforated appendicitis more effectively than anti-pseudomonal
antibiotics [12]. ceftriaxone administered intravenously at a daily dose of
1 gram is more effective than norfloxacin administered orally at the dose
of 400 mg twice-daily (P-value = 0.03) for the prophylaxis of bacterial
infections in patients undergoing surgery [13], one single intravenous
dose of 1 gram of ceftriaxone is effective as ampicillin/cloxacillin
administered intravenously at a dose of 1 gram 3 times-daily in preventing
complications during post-Caesarean section [14]. intravenous
ceftriaxone prevents surgical infections, urinary-tract infections, and
respiratory-tract infections more effectively (P-value < 0.04) than another
cephalosporin such as cefamandole, cefazolin, cefotaxime, cefoxitin or
cefuroxime [15] and ceftriaxone administered intravenously at a daily
dose of 2 grams prevents infection in patients undergoing colorectal
surgery more effectively (P-value < 0.001) than penicillins [16]. a single
intravenous dose of 2 grams of ceftriaxone administered intravenously at
the induction of anaesthesia prevents the infection in patients undergoing
orthopaedic surgery [17]. ceftriaxone administered intravenously at a
single dose of 2 grams before surgery and administered at an intravenous
dose of 2 grams for 2 days after surgery prevents the infection in patients
undergoing liver transplantation [18], ceftriaxone administered at an
intragluteal daily dose of 2 grams prevents the infection in patients
undergoing orthopaedic and traumatic surgery [19].ceftriaxone
administered intravenously at a daily dose of 2 grams prevents post-
operative pyrexia and infections in patients undergoing chest surgery and
shorts the hospital stay [20].and ceftriaxone administered intravenously
at a daily dose of 2 grams is more efficacious than placebo (P-value =
0.001) for the prevention of infections in patients undergoing chest
surgery [21].

Treatment of bacterial infection with ceftriaxone

Intravenous  ceftriaxone has similar efficacy as intravenous
benzylpenicillin in treating patients with neurosyphilis [22]. ceftriaxone
administered intravenously at a dose of 2 grams once-daily treats
endocarditis, spondylodiscitis, and prosthetic joint infections caused by
Cutibacterium acnes [23]. ceftriaxone administered intravenously at a
daily dose of 1 or 2 grams for 3 to 6 days treats patients with
uncomplicated and severe forms of leptospirosis [24]. ceftriaxone
administered intravenously at a daily dose of 2 grams treats patients with
acute tonsillopharyngitis [25]. a single intravenous dose of 2 grams of
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ceftriaxone treats patients with meningococcal meningitis [26].
ceftriaxone administered intravenously at a daily dose of 3 grams for 7
days treats patients with typhoid fever [27]. ceftriaxone administered
intravenously once-daily at a dose of 2 grams for 4 weeks treats patients
with  streptococcal endocarditis [28]. ceftriaxone administered
intramuscularly at a dose of 1 gram 4 times-daily every 2 days treats
patients with primary and secondary syphilis [29]. intramuscular
ceftriaxone has been found efficacy as intravenous trimethoprim-
sulfamethoxazole in the treatment of patients with urinary-tract infections
[30]. ceftriaxone administered intravenously at a dose of 2 grams once-
daily for 14 days treats patients with acute disseminated Borrelia
burgdorferi infection as doxycycline administered orally at a dose of 100
mg twice-daily for 21 days [31]. ceftriaxone administered intravenously
at a dose of 1 gram twice-daily treats patients with respiratory-tract,
urinary-tract, skin, soft-tissue, bone and joint infections, catheter-related
septicaemia, liver abscess, and otitis media [32]. ceftriaxone administered
intravenously at a dose of 1 gram once-daily treats patients with
bacteriologically proven cellulitis, suppurative diabetic foot ulcer, and
soft-tissue infections [33]. ceftriaxone administered intravenously at a
dose of 1 gram twice-daily effectively treats patients with respiratory-
tract, urinary-tract, skin, soft-tissue, bone, and joint infections caused by
Staphylococcus aureus, aerobic gram-positive cocci, Enterobacteriaceae,
or by Pseudomonas aeruginosa [34]. and ceftriaxone administered
intravenously at a dose of 1 gram twice-daily treats patients with skin,
soft-tissue, urinary-tract, biliary-tract infections, pneumonia, and sinusitis
caused by Staphylococcus aureus, Staphylococcus epidermidis,
Streptococcus pneumoniae, Streptococcus faecalis, Escherichia coli,
Proteus mirabilis, Klebsiella pneumoniae, Serratia marcescens,
Enterobacter cloacae, Haemophilus influenzae, Pseudomonas aeruginosa,
Bacteroides fragilis, or by anaerobic cocci [35].

Trials with ceftriaxone

Ceftriaxone administered intravenously at a dose of 2 grams twice-daily
for 3 days is more effective than placebo in treating gallbladder infection
and diarrhoea caused by Clostridium difficile in adult patients [36].
ceftriaxone administered intravenously at a dose of 2 grams once-daily is
effective as multiple dosing regimens of anti-staphylococcal antibiotics in
treating patients infected by methicillin-susceptible Staphylococcus
aureus [37]. ceftriaxone administered intravenously at a daily dose of 1
gram is effective as ceftriaxone administered intravenously at a daily dose
of 2 grams in treatment of adult patients with community-acquired
pneumoniae [38]. a 12-month follow-up resulted that ceftriaxone
administered intravenously at a daily dose of 1 gram treats early syphilis
as doxycycline, or tetracycline, or penicillin administered intravenously
at a daily of 1 gram [39]. ertapenem administered intravenously at a dose
of 1 gram once-daily for 3 days is efficacy as ceftriaxone administered
intravenously at a dose of 2 grams once-daily for 3 days in treatment of
acute pyelonephritis in adult patients [40]. ceftriaxone administered
intravenously at a dose of 2 grams once-daily for 3 days is efficacy as
cefditoren pivoxil administered orally at a dose of 400 mg once-daily for
3 days in treatment of acute pyelonephritis in adult patients [41].
ceftriazone administered intravenously at a daily dose of 2 grams is 3
times more effective than ampicillin/sulbactam administered
intravenously at a daily dose of 3 grams in treatment of postoperative
neurosurgical infections in adult patients [42].and ceftriaxone
administered intravenously at a daily dose of 2 grams is efficacy as
cefotaxime administered intravenously at a dose of 2 grams 4 times-daily
in treatment of serious bacterial infections [43].

Penetration of ceftriaxone into the cerebrospinal fluid (CSF)

Nau et al. [44]. investigated the penetration of ceftriaxone into CSF of 7
patients with uninflamed meninges aged 59.7+3.3 years (range, 49 to 76)
and weighing 78.6+3.0 kg (range, 65 to 90). All patients had respiratory-
tract infection, 2 patients had intracerebral blending, and 2 patients had
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cerebral ischemic infarction. Ceftriaxone was intravenously infused at a
dose of 2 grams twice-daily for 3 days. Table 2 summarizes the
pharmacokinetic parameters of ceftriaxone in CSF.
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Table 2. Pharmacokinetic parameters of ceftriaxone which have been
obtained in CSF of 7 patients. Ceftriaxone was intravenously infused at a
dose of 2 grams twice-daily for 3 days. Values are the minimum,
maximum, mean, and +SD, by Nau et al. [44].

Results obtained after the 1% dose Eesults obtained after the 37 dose
Value Peak Conc. (ug/ml) | Tmax (h) | AUC,.. AUC, ., IAUC, 2Conc. (ug/ml) *Half life (h)
(ug*h/ml) | (ug*h/ml) | CSF/serum
in CSF in serum

Minimum 0.18 1.00 2.30 896 0.0025 0.30 15.7
Maximum 1.04 16.0 181 2406 0.0075 1.03 184
Mean 0.33 114 9.00 1,174 0.0076 0.62 17.0
+5D 0.15 2.70 2.82 964 0.0040 0.21 0.78

Tmax = time to reach the peak concentration in CSF. AUCo-» = area under concentration-time curve from 0 to infinity. $AUCo.., = ratio of the area
under the concentration-time curve in CSF to that in serum. 2Concentration of ceftriaxone in CSF which has been measured 12 hours after the end of

the 3" infusion. *Elimination half-life.

This table shows that the peak concentration of ceftriaxone in CSF
exceeds the minimum inhibitory concentration of Neisseria meningitides,
Haemophilus  influenzae, penicillin  G-sensitive  Streptococcus
pneumoniae, Borrelia burgdorferi, and some members of the family of
Enterobacteriaceae by approximately 10-fold thus ceftriaxone is
bactericidal. Ceftriaxone slowly penetrates into CSF as the mean time to
reach the peak concentration is 11.4 hours. The ratio of the mean area
under the concentration-time curve in CSF to that in serum is 0.0076
suggesting that ceftriaxone resides mainly in serum. Ceftriaxone is slowly
eliminated from CSF as the mean elimination half-life is 17.0 hours. In
addition, there is a remarkable interindividual variability in the
pharmacokinetic parameters of ceftriaxone in plasma and in CSF and this
variability is accounted by the wide variation in patient’s demographic
characteristics and disease [44]. Ceftriaxone was administered
intravenously at a median daily dose of 6.5 grams (range, 4 to 9)
corresponding to a median daily dose of 97.5 mg/kg (range, 77 to 131) to
16 patients with meningitis caused by Streptococcus pneumoniae which
had a minimum inhibitory concentration of 0.5 pg/ml. The median
concentration of ceftriaxone in CSF is 13.3 pg/ml (range, 0.9 to 91.2) thus
the concentration of ceftriaxone in CSF is higher than the minimum
inhibitory concentration of Streptococcus pneumoniae and ceftriaxone
treats the meningitis caused by this organism [45]. Ceftriaxone was
intravenously infused at a daily dose of 50 or 75 mg/kg to 17 paediatric
patients, aged 0.6 to 52 months, with meningitis caused by Haemophilus
influenzae. The mean peak concentration of ceftriaxone in plasma is 267
and 184 pg/ml following the administration of ceftriaxone at the daily
dose of 75 and 50 mg/kg, respectively. The mean peak concentration of
ceftriaxone in CSF exceeds the minimal inhibitory concentrations of
Haemophilus influenzae by 480 to 5,600-times, the mean elimination
half-life of ceftriaxone in CSF is 4.2 hours, and the mean penetration-rate
of ceftriaxone into CSF is 4.8+3.5% thus ceftriaxone is an appropriate
antibiotic to treat the meningitis caused by Haemophilus influenzae in
paediatric patients [46].

Treatment of bacterial meningitis with ceftriaxone

Ceftriaxone was administered intravenously at a daily dose of 100 mg/kg
on day one followed by a daily dose 80 mg/kg to 14 patients with the
meningitis caused by Haemophilus influenzae type b, to 5 patients with
the meningitis caused by Streptococcus pneumoniae and to 3 patients with
the meningitis caused by Neisseria meningitides. The concentration of
ceftriaxone in the cerebral spinal fluid is 10 to 100-fold higher the
minimum inhibitory concentration of the pathogens causing the
meningitis 24 hours after starting the treatment and is 5 to 50-fold higher
the minimum inhibitory concentration of the organisms causing the
meningitis at the end of therapy. Thus, ceftriaxone is an effective
antibiotic for treatment of bacterial meningitis [47]. A single intravenous
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dose of 50 mg/kg of ceftriaxone was administered to adult patients with
the meningitis caused by Neisseria meningitides (N = 34), Streptococcus
pneumoniae (N = 25), Escherichia coli (N = 25), Klebsiella pneumoniae
(N = 3), Haemophilus influenzae (N = 2), Viridians streptococci (N = 2),
or by unknown organism (N = 16). The mean trough concentration of
ceftriaxone in the cerebral spinal fluid is 3.5 pg/ml and the mean trough
bactericidal titre is 1:128 thus a single dose of 50 mg/kg of ceftriaxone
treats the meningitis caused by different bacteria [48]. Ceftriaxone was
administered intravenously at a dose of 100 mg/kg once-daily to 53
infants and children and was administered intravenously at a dose of 60
mg/kg 4 times-daily to 53 infants and children. Subjects were aged 3 years
(range, 42 days to 16 years) and the meningitis was caused by
Haemophilus influenzae. The cerebral spinal fluid becomes sterilized 18
to 36 hours after the start of treatment, the clinical response is similar
according the two treatments, and the meningitis is cured in all children
[49].

Resistance of bacteria to ceftriaxone

Strains of non-typhoid Salmonella were isolated from 50 children and the
isolates had an increased resistance to ceftriaxone. The dissemination of
extended-spectrum-p-lactamase-producing Salmonella isolates results in
an increased prevalence of ceftriaxone resistance in children. The
resistance of this organism to ceftriaxone is increasing and constitutes a
serious problem in children [50]. Multiple prescriptions of ceftriaxone
and ceftriaxone misuse induce resistance to ceftriaxone in isolates of non-
typhoid Salmonella. Ceftriaxone-resistant in non-typhoid Salmonella
infection is increasing problem and limits treatment options for serious
infections caused by this bacterium [51]. Salmonella producing B-
lactamases has spread rapidly worldwide and poses a serious problem to
human health. The resistance of this organism to ceftriaxone is found in
33.6% of isolates and the resistance genes are blaCTX-M, blaTEM, and
blaOXA which are detected in 207 (94.1%), 99 (45.0%), and 53 (24.1%)
isolates, respectively [52]. Strains of salmonella enterica serotype
typhimurium B-lactamase-producing resistant to ceftriaxone were isolated
from stool specimens of patients and the minimum inhibitory
concentration of ceftriaxone is 256 pg/ml and the resistance to ceftriaxone
is caused by the transfer of a 3.2-kb plasmid [53]. Three-hundred-twenty-
seven strains of non-typhoid Salmonella enterica were isolated from stool
of patients and the resistance is attributed to the genes CTX-M-14 -
lactamase and CMY-2 pB-lactamase [54]. Episodes of spontaneous
bacterial peritonitis with positive blood and/or ascitic culture were
observed in 246 patients. In these patients the resistance to ceftriaxone is
due to gram-negative bacilli with extended-spectrum p-lactamase-
producing, other resistant gram-negative bacilli, and enterococci and the
resistance of these bacteria to ceftriaxone is due to the previous use of
cephalosporins [55]. The proportion of isolates of Enterobacter cloacae
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resistant to ceftriaxone increased from 64.3% to 77.6% during the period
1999 to 2002 and the extent of resistance is correlated with the use of
ceftriaxone [56].

Transfer of ceftriaxone across the human placenta

Ceftriaxone was administered intravenously at a daily dose of 1 gram to
133 pregnant women at the third trimester of pregnancy. The
concentration of ceftriaxone ranged between 3.02 to 18.92 ug/ml in the
umbilical cord venous serum and between 3.07 to 78.20 ug/ml in the
maternal serum thus ceftriaxone is poorly transferred across the human

Copy rights @ G6khan Dogukan Akarsu.

placenta [57]. Ceftriaxone was administered intravenously at a daily dose
of 2 grams to 17 pregnant women at term of pregnancy and Kafetzis et al.
[58] determined the area under the concentration-time curve and the
elimination half-life of ceftriaxone in maternal serum, in umbilical cord
venous serum, in amniotic fluid, and in the placenta.

Table 3. Area under the concentration-time curve and elimination half-
life of ceftriaxone which have been obtained in maternal serum, umbilical
cord venous serum, amniotic fluid, and in placenta. Values are the mean,
by Kafetzis et al. [58].

Parameter AUC, . (ug*h/ml) | Elimination half-life (h)
Maternal serum 652 6.0
Umbilical cord venous serum 234 7.0
Ammniotic fluad 256 6.8
Placenta 162 54

AUC = area under the concentration-time curve from 0 to 24 hours.

This table shows that the area under the concentration-time curve obtained
in umbilical cord venous serum is about one third of that in maternal
serum suggesting that ceftriaxone is poorly transferred across the human
placenta. The area under the concentration-time curve of ceftriaxone in
amniotic fluid is similar to that in umbilical cord venous serum and the
area under the concentration-time curve of ceftriaxone in the placenta is
about one half of that in the umbilical cord venous serum. These results
indicate that ceftriaxone resides mainly in maternal serum. The
elimination half-life of ceftriaxone is about 6 hours in maternal serum, in
umbilical cord venous serum, in amniotic fluid, and in placenta indicating
that ceftriaxone is slowly eliminated from these compartments.

Migration of ceftriaxone into the breast-milk

Kafetzis et al. [58] determined the area under the concentration-time
curve and the elimination half-life of ceftriaxone in maternal serum and
the area under the concentration-time curve, the absorption and
elimination half-live of ceftriaxone in breast-milk. Ceftriaxone was
administered at a daily dose of 1 gram to 20 lactating women, 10 women
received ceftriaxone intravenously and 10 women received ceftriaxone
intramuscularly.

Table 4. Area under the concentration-time curve and elimination half-
life of ceftriaxone which have been determined in maternal serum and
area under the concentration-time curve and the absorption and
elimination half-live of ceftriaxone which have been determined in the
breast-milk. Ceftriaxone was administered at a daily dose of 1 gram.
Values are the mean+SD, by Kafetzis et al. [58].

Matemal serum Breast-milk
AUC 34 (ng*h/ml) | Elimmation | AUC, ;s (ng*¥h/ml) | Absorption | Elimination
Half-life (h) half-hife (h) | half-life (h)
Administration route (N)
Intravenous 392+23.0 5.3+0.2 11.8+4.5 1.7+0.9 12.8+3.7
N=10)
Intramuscular 379+56.3 53104 210425 1.740.2 173421
MN=10)

AUCo-24 = area under the concentration-time curve from 0 to 24 hours.

This table shows that the area under the concentration-time curve of
ceftriaxone is about 30-times lower in the breast-milk than in maternal
serum indicating that ceftriaxone poorly migrates into the breast-milk.
The elimination half-life of ceftriaxone is about 2.5-times longer breast-
milk than is maternal serum indicating that ceftriaxone is eliminated more
slowly in breast-milk than in maternal serum. The area under the
concentration-time curve of ceftriaxone is higher following intramuscular
than intravenous dosing. The absorption half-life of ceftriaxone in breast-
mil is 1.7 hours indicating that ceftriaxone rapidly migrates into the
breast-milk.

Discussion

Ceftriaxone is a third-generation cephalosporin and is resistant to many
narrow-spectrum B-lactamases and has good activity against most gram-
positive and gram-negative aerobic bacteria. Ceftriaxone has an
elimination half-life of about 8 hours allowing for once-daily dosing for
most indications. Ceftriaxone is the drug of choice to treat serious
infections caused by Escherichia coli, Klebsiella, Proteus, Haemophilus
influenzae, Moraxella catarrhalis, Citrobacter, Enterobacter, Serratia,
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Neisseria gonorrhoea, Staphylococcus aureus, Streptococcus pneumonia,
and Streptococcus pyogenes, and for severe forms of Lyme disease.
Ceftriaxone is used for the empiric treatment of meningitis in non-
immunocompromised adults and children (in combination with
vancomycin and ampicillin pending the identification of the causative
agent) owing to its excellent activity against Haemophilus influenzae,
sensitive Streptococcus pneumoniae, Neisseria meningitides, and gram-
negative enteric bacteria. Ceftriaxone is used to treat community-acquired
pneumonia, ureteral, cervical, rectal, and pharyngeal infections, all forms
of gonorrhoea, and severe forms of Lyme disease. About half of
ceftriaxone is recovered from the urine and the remainder is eliminated
by biliary secretion [1]. The efficacy and safely of ceftriaxone have been
reviewed. Ceftriaxone administered intravenously at a dose of 2 grams
twice-daily effectively and safely treats patients with community-
acquired pneumonia [2, 3]. Ertapenem and ceftriaxone administered
intravenously at a dose of 1 gram once-daily have similar efficacy and
safely in treatment of hospitalized patients with community-acquired
pneumonia [4]. Ceftriaxone administered intravenously at a daily dose of
2 or 4 grams effectively and safely treats patients with amyotrophic lateral
sclerosis [5], ceftriaxone administered intravenously at a daily dose of 250
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mg effectively and safely treats patients with uncomplicated gonorrhoea
[6], ceftriaxone administered intravenously at a daily dose of 2 grams
effectively and safely treats paediatric patients with urinary-tract, lower
respiratory-tract, skin, soft-tissue, bone and joint infections, bacteraemia,
and septicaemia caused by gram-negative bacteria [7], treats serious
infections caused by gram-negative bacteria in paediatric patients [8], and
ceftriaxone administered intravenously at a dose of 50 to 80 mg/kg once-
daily effectively and safely treats paediatric patients with infection caused
by Haemophilus influenzae, Staphylococcus aureus, Streptococcus
pyogenes, Streptococcus pneumonia, or by Escherichia coli [9]. These
results indicate that ceftriaxone administered intravenously at the daily
dose of 1 gram or 2 grams effectively and safely treat infections caused
by different bacteria. The pharmacokinetics of ceftriaxone have been
studied in 12 patients with nosocomial pneumonia, intraabdominal sepsis,
or urinary sepsis and ceftriaxone was intravenously infused at a dose of 2
grams once-daily. Then patients had normal renal function and 2 patients
had renal failure [10]. The mean elimination half-life and the total body
clearance of ceftriaxone are 6.4 hours and 41.3 ml/min, respectively, in
10 patients with normal renal function, and 21.4 hours and 19.9 ml/min,
respectively, in 2 patients with renal failure. Ceftriaxone is eliminated in
part by renal route thus the elimination half-life is longer in patients with
renal failure than in patients with normal renal function. Consequently,
the total body clearance of ceftriaxone is lower in patients with renal
failure than in patients with normal renal function. The prophylaxis with
ceftriaxone has been reviewed. Ceftriaxone administered intravenously at
a daily dose of 2 grams prevents postoperative infections more effectively
than other antibiotics [11], intravenous ceftriaxone plus intravenous
metronidazole prevents the infection in children with perforated
appendicitis more effectively than anti-pseudomonal antibiotics [12],
intravenous ceftriaxone administered at a daily dose of 1 gram is more
effective than norfloxacin administered orally at a dose of 400 mg twice-
daily for the prophylaxis of bacterial infections in patients undergoing
surgery [13], one single intravenous dose of 1 gram of ceftriaxone is
effective as ampicillin/cloxacillin administered intravenously at a dose of
1 gram 3 times-daily in preventing complications during post-Caesarean
section [14], intravenous ceftriaxone prevents surgical infections, urinary-
tract infections, and respiratory-tract infections more effectively than
another cephalosporin such as cefamandole, cefazolin, cefotaxime, or
cefuroxime [15], and intravenous ceftriaxone administered at a daily dose
of 2 grams prevents the infection in patients undergoing colorectal surgery
more effectively than penicillins [16], a single intravenous dose of 2
grams of ceftriaxone administered at the induction of anaesthesia prevents
the infection in patients undergoing orthopaedic surgery [17], ceftriaxone
administered intravenously at a single dose of 2 grams before surgery and
administered at an intravenous dose of 2 grams for 2 days after surgery
prevent the infection in patients undergoing liver transplantation [18],
ceftriaxone administered at an intragluteal daily dose of 2 grams prevents
the infection in patients undergoing orthopaedic and traumatic surgery
[19], ceftriaxone administered intravenously at a daily dose of 2 grams
prevents post-operative pyrexia and infections in patients undergoing
chest surgery and shorts the hospital stay [20], and ceftriaxone
administered intravenously at a daily dose of 2 grams is more efficacious
that placebo for the prevention of infections in patients undergoing chest
surgery [21]. These results indicate that ceftriaxone administered
intravenously at a daily dose of 1 gam or 2 grams prevents different
infections. The treatment of bacterial infections with ceftriaxone has been
reviewed. Intravenous ceftriaxone effectively treats neurosyphilis as
intravenous benzylpenicillin [22], ceftriaxone administered intravenously
at a dose of 2 grams once-daily treats endocarditis, spondylodiscitis, and
prosthetic joint infections caused by Cutibacterium acnes [23],
ceftriaxone administered intravenously at a daily dose of 1 or 2 grams for
3 to 6 days treats patients with uncomplicated and severe forms of
leptospirosis [24], ceftriaxone administered intravenously at a daily dose
of 2 grams treats patients with acute tonsillopharyngitis [25], a single
intravenous dose of 2 grams of ceftriaxone treats patients with
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meningococcal meningitis [26], ceftriaxone administered intravenously at
a daily dose of 3 grams for 7 days treats patients with typhoid fever [27],
ceftriaxone administered intravenously once-daily at a dose of 2 grams
for 4 weeks treats patients with streptococcal endocarditis [28],
ceftriaxone administered intravenously at a dose of 1 gram 4 times-daily
every 2 days treats patients with primary and secondary syphilis [29],
intramuscular ceftriaxone treats patients with urinary-tract infection as
intravenous  trimethoprim-sulfamethoxazole [30], ceftriaxone
administered intravenously at a dose of 2 grams once-daily for 14 days
treats acute disseminated Borrelia burgdorferi infection as doxycycline
administered orally at a dose of 100 mg twice-daily for 21 days [31],
ceftriazone administered intravenously at a dose of 1 gram twice-daily
treats patients with respiratory-tract, urinary-tract, skin, soft-tissue, bone
and joint infections, catheter-relayed septicaemia, and otitis media [32],
ceftriaxone administered intravenously at a dose of 1 gram once-daily
treats patients with bacteriologically proven cellulitis, suppurative
diabetic foot ulcer, and soft-tissue infections [33], ceftriaxone
administered intravenously at a dose of 1 gram twice-daily treats patients
with respiratory-tract, urinary-tract, skin, soft-tissue, bone, and joint
infections caused by Staphylococcus aureus, aerobic gram-positive cocci,
or by Pseudomonas aeruginosa [34], and ceftriaxone administered
intravenously at a dose of 1 gram twice-daily treats patients with skin,
soft-tissue, urinary-tract, biliary-tract infections, pneumoniae, and
sinusitis caused by Staphylococcus epidermis, Streptococcus
pneumoniae, Streptococcus faecalis, Escherichia coli, Proteus mirabilis,
Klebsiella pneumoniae, Bacteroides fragilis, or by anaerobic cocci [35].
These results indicate that ceftriaxone administered intravenously treat
different infections. The trials with ceftriaxone have been reviewed.
Ceftriaxone administered intravenously at a dose of 2 grams twice-daily
for 3 days is more effective than placebo in treating gallbladder infection
and diarrhoea caused by Clostridium difficile [36], ceftriaxone
administered intravenously at a dose of 2 grams once-daily is effective as
multiple dosing regimens of anti-staphylococcal antibiotics in treating
patients infected by methicillin-susceptible staphylococcus aureus [37],
ceftriaxone administered intravenously at a daily dose of 1 gram is
effective as ceftriaxone administered intravenously at a daily dose of 2
grams in treating patients with community-acquired pneumonia [38], a
12-month follow-up resulted that ceftriaxone administered intravenously
at a daily dose of 1 gram treats early syphilis as doxycycline, or
tetracycline, or penicillin administered intravenously at a daily dose of 1
gram [39], ertapenem administered intravenously at a dose of 1 gram
once-daily for 3 days is efficacy as ceftriaxone administered
intravenously at a dose of 2 grams once-daily for 3 days in treating
patients with acute pyelonephritis [40], ceftriaxone administered
intravenously at a dose of 2 grams once-daily for 3 days is effective as
cefditoren pivoxil administered orally at a dose of 400 mg once-daily for
3 days in treating patients with acute pyelonephritis [41], ceftriaxone
administered intravenously at a daily dose of 2 grams is 3 times more
effective than ampicillin/sulbactam administered intravenously at a daily
dose of 3 grams in treatment of patients with postoperative neurosurgical
infections [42], and ceftriaxone administered intravenously at a daily dose
of 2 grams is effective as cefotaxime administered intravenously at a dose
of 2 grams 4 times-daily in treating serious bacterial infections [43]. These
results indicate that ceftriaxone administered intravenously is efficacy as
other antibiotics in treatment of different bacterial infections. The
penetration of ceftriaxone into the cerebrospinal has been reviewed.
Ceftriaxone was administered intravenously at a dose of 2 grams twice-
daily for 3 days to 7 patients with uninflamed meninges. The mean time
to reach the peak concentration of ceftriaxone in the cerebrospinal fluid is
11.4 hours indicating that ceftriaxone penetrates slowly into the
cerebrospinal fluid. The mean ratio of the area under the concentration-
time curve of ceftriaxone in the cerebrospinal fluid to that in serum is
0.0076 indicating that ceftriazone resides mainly is serum. The mean peak
concentration of ceftriaxone in the cerebrospinal fluid is 0.53 pg/ml, this
concentration is higher the minimum inhibitory concentration of

Page 6 of 10



Pharmaceutics and Pharmacology Research.

Neisseria meningitidis Haemophilus influenzae, penicillin G-sensitive
Streptococcus  pneumonia, Borrelia  burgdorferi  and  some
Enterobacteriaceae by approximately 10-fold thus ceftriaxone is
bactericidal. The mean elimination half-life of ceftriaxone in the
cerebrospinal fluid is 17.0 hours indicating that ceftriaxone is slowly
eliminated from the cerebrospinal fluid [44]. Ceftriaxone was
administered intravenously at a median daily dose of 6.5 grams (range, 4
to 9) corresponding to a median daily dose of 97.5 mg/kg (range, 77 to
131) to 16 patients with the meningitis caused by Streptococcus
pneumoniae. The median concentration of ceftriaxone in the
cerebrospinal fluid is 13.3 pg/ml (range, 0.9 to 91.2) this concentration is
higher the minimum inhibitory concentration (0.5 pg/ml) of
Streptococcus pneumoniae and the meningitis is cured in all patients [45].
Ceftriaxone was intravenously infused at a daily dose of 50 or 75 mg/kg
to 17 paediatric patients with meningitis caused by Haemophilus
influenzae. The concentration of ceftriaxone in the cerebrospinal fluid is
480 to 5,600-times higher the minimum inhibitory concentration of
Haemophilus influenzae thus ceftriaxone is a useful agent to treat the
meningitis caused by Haemophilus influenzae in paediatric patients [46].
These results indicate that ceftriaxone penetrates into the cerebrospinal
fluid in concentration higher than the minimum inhibitory concentration
of the organisms causing the meningitis. The treatment of bacterial
meningitis with ceftriaxone has been reviewed. Ceftriaxone was
administered intravenously at a daily dose of 100 mg/kg on day 1
followed by a daily dose of 80 mg/kg to patients with the meningitis
caused by Haemophilus influenzae type b, or by Streptococcus
pneumoniae, or by Neisseria meningitides. The concentration of
ceftriaxone in the cerebrospinal fluid is 10 to 100-fold higher the
minimum inhibitory concentration of the agents causing the meningitis at
24 hours after the start of treatment and is 5 to 50-fold higher the
minimum inhibitory concentration of the organisms causing the
meningitis at the end of therapy. Thus, ceftriaxone is an effective
antibiotic to treat the meningitis caused by these organisms [47]. A single
dose of 50 mg/kg of ceftriaxone was administered intravenously to
patients with the meningitis caused by Neisseria meningitides,
Streptococcus pneumoniae, Escherichia coli, Klebsiella pneumoniae,
Haemophilus influenzae, Viridians streptococci, or by unknown
organisms. The mean trough concentration of ceftriaxone in the
cerebrospinal fluid is 3.5 pg/ml and the mean trough bactericidal titre is
1:128 thus a single intravenous dose of 50 mg/kg of ceftriaxone treats the
meningitis caused by different bacteria [48]. Ceftriaxone was
administered intravenously at a dose of 100 mg/kg once-daily to 53
infants and children and was administered intravenously at a dose of 60
mg/kg 4 times-daily to 53 infants and children. The meningitis was caused
by Haemophilus influenzae and the cerebrospinal fluid becomes sterilized
18 to 36 hours after the start of treatment, the clinical response is similar
according to the two treatments, and the meningitis is cured in all subjects
[49]. These results indicate that ceftriaxone administered intravenously
treats the meningitis caused by different bacteria in adults and in infants
and children. The resistance of bacteria to ceftriaxone has been reviewed.
The dissemination of extended-spectrum-p-lactamase-producing
Salmonella isolates results in an increased prevalence of resistance to
ceftriaxone and this resistance is increasing and constitutes a serious
problem [50]. Multiple prescriptions of ceftriaxone and ceftriaxone
misuse induce resistance to ceftriaxone in isolates of non-typhoid
Salmonella and the resistance to ceftriaxone is in increasing problem and
limits treatment options for serious infections caused by this organism
[51]. The resistance of Salmonella producing B-lactamases to ceftriaxone
is found in 33.6% of isolates and the resistance genes are blaCTX-M,
blaTEM, and blaOXA which have been detected in 94.1%, 45.0%, and
24.1% isolates, respectively [52]. Strains of Salmonella enterica serotype
typhimurium B-lactamase-producing become resistant to ceftriaxone, the
minimum inhibitory concentration is 256 pg/ml, and the resistance to
ceftriaxone is caused by the transfer of a 3.2-kb plasmid [53], strains of
non-typhoid Salmonella enterica become resistant to ceftriaxone and the
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resistance is due to genes CTX-M-14 B-lactamase and CMY-2 -
lactamase [54], the resistance of gram-negative bacilli extended-spectrum
B-lactamase-producing, other resistant gram-negative bacilli, and
enterococci to ceftriaxone is due to the previous use of cephalosporins
[55], and the resistance of Enterobacter cloacae to ceftriaxone increases
from 64.3% to 77.6% during the period 1999 to 2002 and the extent of
resistance is correlated with the use of ceftriaxone [56]. These results
indicate that different bacteria may become resistant to ceftriaxone and
the resistance to ceftriaxone is due to different mechanisms. The transfer
of ceftriaxone across the human placenta has been reviewed. Ceftriaxone
was administered intravenously at a daily dose of 1 gram to 133 pregnant
women at the third trimester of pregnancy and the concentration of
ceftriaxone ranges between 3.07 and 78.20 pg/ml in the maternal serum
and between 3.02 and 18.92 pg/ml in the umbilical cord venous serum
[57]. Ceftriaxone was administered intravenously at a daily dose of 2
grams to 17 pregnant women at term of pregnancy and the mean area
under the concentration-time curve of ceftriaxone is 652 and 234 pg*h/ml
in the maternal serum and in the umbilical cord venous serum,
respectively. The elimination half-life of ceftriaxone is 6.0 and 7.0 hours
in the maternal serum and in the umbilical cord venous serum,
respectively, indicating that ceftriaxone is slowly eliminated in the
maternal serum and in the umbilical cord venous serum [58]. These results
indicate that ceftriaxone is poorly transferred across the human placenta.
The migration of ceftriaxone into the breast-milk has been reviewed. The
pharmacokinetics of ceftriazone were studied in the maternal serum and
in the breast-milk of 20 lactating women receiving ceftriaxone. Ten
lactating women received ceftriaxone intravenously at a daily dose of 1
gram and 10 lactating women received this dose of ceftriaxone
intramuscularly [58]. The area under the concentration-time curve of
ceftriaxone is about 33-fold higher in the maternal serum that in the
breast-milk, the mean absorption elimination half-life of ceftriaxone is 1.7
hours. The mean elimination half-life of ceftriaxone is 12.8 and 17.3 hours
following the intravenous and intramuscular administration of
ceftriaxone, respectively. These results indicate that ceftriaxone poorly
migrates into the breastmilk, is rapidly absorbed in the breast-milk and is
slowly eliminated from the breast-milk.

In conclusion, ceftriaxone is a third-generation cephalosporin, is resistant
to many narrow-spectrum B-lactamases, and has good activity against
most gram-positive and gram-negative aerobic bacteria. Ceftriaxone is the
drug of choice to treat serious infections caused by Escherichia coli,
Klebsiella, Proteus, Haemophilus influenzae, Moraxella catarrhalis,
Citrobacter, Enterobacter, Serratia, Neisseria gonorrhoea,
Staphylococcus aureus, Streptococcus pneumoniae, and Streptococcus
pyogenes, and for severe forms of Lyme disease. Single doses of
intramuscular ceftriaxone have long been used in the management of
ureteral, cervical, rectal, or pharyngeal gonorrhoea; increasing resistance
has necessitated the use of higher doses. Half of ceftriaxone is eliminated
by renal route and the remainder is secreted into the bile. The mean
elimination half-life of ceftriaxone is 6.4 hours in patients with normal
renal function and 21.4 hours in patients with renal failure thus the
elimination half-life of ceftriaxone is longer in patients with renal failure.
The prophylaxis, treatment and trials with ceftriaxone have been
reviewed. Ceftriaxone penetrates into the cerebrospinal fluid in
significant amounts and treats the meningitis caused by different bacteria.
Ceftriaxone may become resistant to bacteria, is poorly transferred across
the human placenta, and poorly migrates into the breast-milk. The aim of
this study is to review the clinical pharmacology of ceftriaxone.
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