
 

 

 

CEFTOLOZANE AND TAZOBACTAM 

 

Pope Leo X, oil on wood panel, 1518-19, Raphael, Uffizi, Florence. 



“God has given us the Papacy, let us now enjoy it”. 

 

Giovanni de’ Medici, letter to his brother Giuliano on becoming Pope Leo X,  

11 March, 1513  

 

Giovanni de’ Medici’s elevation to the throne of St. Peter on 11th of March 1513 at the 

age of just 37 years was remarkable testament to the power of the Medici, who ruled 

supreme in Florence. All the more remarkable was the fact he was only a deacon! No 

matter. Medici influence saw to it that he was ordained a priest on the 15th of March, 

consecrated a Bishop two days after that, and was enthroned as Pontiff just two more 

days after that. It was the most meteoric rise to the Papal throne in history. The Medici 

saw in the Papacy the means to fantastically enhance the fortune and power of their 

family. No fewer than four of them would attain the highest office in Christendom. On 

attaining office, Leo exclaimed to his family, “God has given us the Papacy, let us now 

enjoy it!”. Highly educated in the new humanistic learning, sophisticated and munificent 

in his patronage of the Arts, and Raphael in particular, Leo, as the second son of Lorenzo 

the Magnificent, was by all accounts a brilliant child of the Renaissance.     

 

Almost immediately however, Leo’s alarming sexual escapades became apparent. At first 

there were only whispered rumors of his homosexuality, but in time Leo simply dropped 

any pretence, flaunting his favourites, such as Cardinal Alfonso Petrucci, openly at 

court! He carried on the by now fine tradition of Papal nepotism. A glorious High 

Renaissance portrait of Leo exists by Raphael, in which we see him seated in magnificent 

robes, flanked on either side by his cousins Luigi de Rosso on the left and Giulio de 

Medici (the future Pope Clement VII) the right. Leo’s tastes were enormously expensive; 

he was well accustomed to the trappings of a grandee of the house of Medici. He began 

his Pontificate precisely as he meant to continue it, with a sumptuous procession from St. 

Peter’s to the Lateran that no previous Papal procession had surpassed in its 

extravagance. Escorted by no less than 112 equerries and a host of Cardinals and 

detachments of cavalry and infantry, chamberlains cast gold coins into the frantic 

crowds. Of course if Leo was to continue in this vein as well as to patronize the Arts he so 

loved, indulge his gourmet tastes, finish the construction of St. Peter’s and to wield 

untold temporal power and influence he would need to substantially increase his 

treasury, and this is one particular area where he truly excelled.                     

 

In simony he made Sixtus IV look like a complete amateur, who had in turn made 

Boniface the VIII look the same. To enormous profit he not only sold offices, but offered 

indulgences in respect to sins of the future; one could now lay up a bank of absolution 

credit against sins yet to be committed! If this wasn’t enough, those who grieved for their 

departed loved ones who were suffering the agonies of Purgatory could now purchase 

indulgences that guaranteed a reduction in time spend on Dante’s Terraces; the greater 

the pay out the less time spent in purgatory! But even all this was not enough. In the 

summer of 1517 Rome was rocked by one of the most extraordinary and mysterious 

scandals ever seen in the city, Leo out of nowhere suddenly announced he had uncovered 

a deadly conspiracy to assassinate him!  

 

The plot had supposedly had been hatched by his favourite, or now rather clearly his ex-

favourite, Cardinal Petrucci, who had enlisted by large payments the assistance of a 



certain Florentine doctor, by the name of Vercelli. Vercelli had been summoned to Rome 

on account of a delicate condition the Pope had been suffering from, possibly a pilonidal 

abscess or perianal fistula of some description. Vercelli’s task would be to inject the 

Pope with poison, during the course of his operation. The plot - if it existed - was 

somehow discovered by Leo just in time. Vercelli was brutally interrogated under torture 

and eventually, unsurprisingly, confessed, whereupon he was immediately hung, drawn 

and quartered. Petrucci was similarly tortured and hung, drawn and quartered, but not 

before implicating a host of other Cardinals. The accusations were puzzling as although 

these Cardinals may have had minor grievances, these did not seem enough to warrant 

assassination of the Pope! Similarly the whole methodology of the assassination seems 

hardly credible. In any case the accused Cardinals were required to pay very large fines, 

and Leo subsequently created no less than 31 new Cardinalates who together paid him 

the enormous sum of half a million ducats for their Red Hats.  

 

There were many in Rome at the time who believed that the whole conspiracy had been 

fabricated by Leo in order to simply rid himself of tedious opposition and at the same 

time to greatly enhance his coffers. It was in the aftermath of this incredible affair that a 

certain German Monk, by the name of Martin Luther, in a fury nailed his 95 “theses” to 

the church doors at Wittenberg, challenging the validity and legality of indulgences. He 

was even prepared to debate the issue with anyone in public. The Protestant rebellion 

had begun! (In fact the magisterial John Julius Norwich, points out that modern 

“Scholars now tell us that Luther never nailed it to the door, but distributed it in the 

usual way….They would”, he pithily adds!                   

 

The Papacy was now teetering on the edge of the abyss, but Leo had no concept of the 

seriousness nor the extent of discontent with his rule in the North of Europe. The heretic 

monk of his native Florence, Savonarola after all, had been far more trouble than the 

tiresome Martin Luther, and now he was merely a footnote in history! Leo responded to 

Luther with a Papal Bull that decreed that anyone denying the Papal right to grant 

indulgences would be excommunicated. He followed this up with another Bull 

condemning Luther personally for his by now multiple heresies. Luther responded by 

publically burning it, things were becoming a lot more serious. Meanwhile the King of 

England, outraged at the challenges coming out of Germany to Papal authority, 

published a pamphlet entitled “The Defense of the Seven Sacraments Against Martin 

Luther”. Delighted with the King of England’s strong and personal support, on the 11 of 

October 1521, Leo bestowed on him the title, “Defender of the Faith”. The King was 

Henry VIII, and every British Monarch to the current day...somewhat puzzlingly…have 

retained the title!                   

 

On December 1, 1521 during the course of a sumptuous banquet, Leo caught a chill and 

high fever. He declined remarkably quickly and died the same day. There were whispers 

of poison, but he probably died of malaria. In the seven years of his Pontificate he had 

managed to completely alienate his own church, while spending over 5 million ducats. 

Despite the revenues he extorted from indulgences and other means he left the Vatican in 

hoc for over 800,000 ducats, an astronomical sum. Europe now stood on the eve of the 

Protestant Reformation. This would be vigorously resisted in the Catholic Counter -

Reformation, the whole conflict only ending a century later in the Thirty Years War, the 

most destructive war seen in Europe until the time of the French Revolutionary and 



Napoleonic Wars of the early Nineteenth century, indeed in consideration of civilian 

deaths, the most destructive conflict up until the time of the Second World War.       

 

Madame de Pompadour once uttered “Apres nous le deluge”, but it is an epitaph that 

could have equally served for Leo X. The magisterial John Julius Norwich, perhaps has 

given the best summing up of his reign; “As a Renaissance Prince he would have been 

superb; as a Pope he was a disaster”.    

 

In our endless battle against the pathogenic world we strive to develop ever more 

powerful antibiotics to stay ahead in the arms race against these microbes. Our latest 

“biggest gun” comes in the form of Ceftolozane, a novel fifth generation very broad 

spectrum cephalosporin. We must however use it sparingly for only the most serious and 

life threatening infections, lest we select once again for resistant super-organisms.    

 

The cephalosporins are a remarkable class of antibiotics which were derived from 

microorganisms themselves. God has thus us given us a most remarkable gift - we can 

and should enjoy it, but unlike Leo X we must not abuse it!      

 

Legend has it that Martin 

Luther dramatically nailed 

his 95 theses on these doors 

of the All Saints, Wittenberg 

Church, on 31 October 1517, 

a date generally considered 

to be the beginning of the 

Reformation.     

 

Modern scholars however 

now tell us that Luther never 

nailed them to the door, but 

distributed them in the usual 

way….They would.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CEFTOLOZANE AND TAZOBACTAM 

 

Introduction 

 

Ceftolozane is a novel fifth generation very broad spectrum cephalosporin. 
 

It is combined with tazobactam, (a beta-lactamase inhibitor) 

 

Trade name of the combined product in Australia is “Zerbaxa”   

 

Although effective against many gram positive organisms ceftolozane / tazobactam was 

developed particularly for the treatment of serious / life-threatening infections with 

gram-negative bacteria that have become resistant to multiple conventional 

antibiotics.  

 

It is used in severe intra-abdominal infections and complicated urinary tract 

infections.  

 

History 

 

The cephalosporin antibiotics were first isolated from the fungus Cephalosporium 

acremonium. 

 

They were discovered by Giuseppe Brotzu (1895 - 1976) an Italian pharmacologist (and 

politician) in 1948 in Sardinia. 

 

Chemistry 

 

Ceftolozane is a semisynthetic cephalosporin beta lactam antibiotic.  

 

The beta-lactam antibiotics are structurally related via their central beta lactam moiety. 

Side chains determine antibacterial, pharmacological and pharmacokinetic properties. 

 

The beta-lactam antibiotics include: 

 

1. Penicillins 

 

2. Cephalosporins 

 

3. Carbapenems  

 

4. Monobactams 

 

Classification  

 

The cephalosporins can be classified into 5 principle groups or “generations”: 1 

 

1. First Generation: 



 

 Moderate-spectrum cephalosporins  

 

 Principally gram positive activity, but with some limited gram negative activity.  

 

● Cephalothin 

 

● Cephalexin  

 

● Cephazolin. 

 

2. Second Generation 

 

Slightly less gram positive cover than first generation agents, but extended 

activity against gram negatives and anaerobes.   

 

Moderate-spectrum cephalosporins with anti-Haemophilus activity: 

 

● Cefaclor 

 

● Cefuroxime 

 

Moderate-spectrum cephalosporins with anti-anaerobic activity: 

 

 ● Cefoxitin 

 

4. Third Generation 

 

 Reasonable gram positive cover, and further extended activity against gram 

 negative agents.  

 

 Broad-spectrum cephalosporins: 

 

 ● Ceftriaxone 

 

 ● Cefotaxime  

 

5. Fourth Generation 

 

 Good gram positive cover and good gram negative cover 

 

 Broad-spectrum cephalosporins with antipseudomonal activity: 

 

● Cefepime 

 

● Ceftazidime  

 

6. Fifth Generation  



 

 Newer very broad spectrum agents.    

 

 Broad-spectrum cephalosporins with anti-MRSA activity: 

 

● Ceftaroline 

 

 ● Ceftolozane (& Tazobactam) 

 

Preparations 

 
 Ceftolozane sulfate and tazobactam sodium as:  
 

Ampoules:  

 

● Ceftolozane 1 gram and tazobactam 500 mg as powder for reconstitution.  

 

Mechanism of Action 

 

The cephalosporins are bactericidal agents.  

 

They interfere with bacterial cell wall peptidoglycan synthesis during the stage of active 

multiplication, thereby leading to cell lysis and death. 

 

Tazobactam is a beta-lactamase enzyme inhibitor, which when added to piperacillin 

gives extended cover to beta-lactamase producing organisms.   

 

Some organisms (e.g. Serratia, Citrobacter and Enterobacter species) have chromosomal 

resistance in the form of cephalosporinase enzymes, and resistance can develop during 

treatment. 

 

Pharmacodynamics 
 

Ceftolozane is a novel fifth generation very broad spectrum cephalosporin with 

extended gram negative cover.  
 

Tazobactam inhibits beta-lactamase, which further extends the spectrum of activity of 

ceftolozane to cover many beta-lactamase-producing organisms. 

 
Ceftolozane/tazobactam is stable to a range of common mechanisms of resistance found in Gram-

negative bacteria, including production of: 

 

● Broad spectrum beta-lactamases (TEM-1, TEM-2, SHV-1) 

 

● Extended spectrum beta-lactamases (TEM-3, SHV-2, CTX-M-14, CTX-M-15) 

 

● Chromosomal pseudomonal AmpC, oxacillinases (OXA -2, OXA -5, OXA -23) 

 



These mechanisms of resistance can reduce the activity of penicillins, cephalosporins, 

and carbapenems in Pseudomonas aeruginosa and Enterobacteriaceae, including 

Escherichia coli and Klebsiella pneumoniae. 

 

Ceftolozane/tazobactam has a low potential for development of resistance in 

Pseudomonas aeruginosa and Enterobacteriaceae including ESBL-producing strains.  

 

Bacterial resistance mechanisms that may affect ceftolozane/tazobactam) include drug 

inactivation by serine carbapenamases, such as KPC, and metallo-beta lactamases.  

 

Isolates resistant to other cephalosporins may be susceptible to ceftolozane/tazobactam 

although cross-resistance may occur. 

 

Antimicrobial activity includes: 2 

 

● Many Gram positive organisms 

 

And  

 

● An extended range of Gram organisms, including: 

 

P. aeruginosa 

 

Enterobacteriaceae (except those producing AmpC beta-lactamases) 

 

S. pneumoniae   S. anginosus    B. fragilis 

 

Enterobacter cloacae  E. Coli    Klebsiella oxytoca 

 

K. pneumoniae  Proteus mirabilis   P. aeruginosa 

 

Bacteroides fragilis  Streptococcus anginosus  Streptococcus 

salivarius 

 

Inactive against KPC-producing K. pneumoniae or bacteria that produce metallo–beta-

lactamases or OXA-carbapenemases 

 

Pharmacokinetics 

 

Absorption: 

 

● Ceftolozane and tazobactam are administered IV. 

 

Distribution 

 

● The binding of ceftolozane and tazobactam to human plasma proteins is low at 

 approximately 20 % and 30%, respectively.  

 



Metabolism and excretion: 

 

● Ceftolozane is eliminated in the urine as unchanged parent drug 

 

  It is not metabolised to any appreciable extent.  

 

● The beta-lactam ring of tazobactam is hydrolyzed to form the pharmacologically 

 inactive, tazobactam metabolite M1. 

  

Indications 

 

For serious / life-threatening infections, in particular from: 

 

1. Complicated urinary tract infections  

 

2. Intra-abdominal infections (in combination with metronidazole). 

 

Note that, as for all antibiotics, the prevalence of bacterial resistance may vary 

geographically and over time for selected species and local information on resistance 

is also important, particularly when treating severe infections. 

 

Contra-indications/precautions 

 

The cephalosporins as a class have the following precautions:  

 

1. Contraindicated with a history of severe or immediate allergic reaction to 

 Ceftolozane    

 

2. Caution in those with a history of an allergic reactions to other beta lactam 

 antibiotics: 

 

● As cross-reactivity between penicillins, cephalosporins and carbapenems 

 can occur. 

 

3. Caution  in significant renal impairment (Cr Cl  < 20 mL/minute). 

 

● As a class the cephalosporins can occasionally cause neurotoxicity in 

 patients with significant renal impairment; usually when administered 

 too rapidly IV and in high doses 

 

Neurotoxicity may manifest as confusion, seizures, encephalopathy.  

 

Pregnancy 

 

Ceftolozane / tazobactam is a category B1 drug with respect to pregnancy. 3 

 

Category B1 drugs are those drugs which,  have been taken by only a limited number of 

pregnant women and women of childbearing age, without an increase in the frequency of 



malformation or other direct or indirect harmful effects on the human fetus having been 

observed. Studies in animals have not shown evidence of an increased occurrence of fetal 

damage. 

 

Breast feeding 

 

There is little information, but cephalosporins as a group are generally safe. 

 

Adverse Effects 

 

All the beta lactams including the cephalosporins have a wide therapeutic index and are 

not associated with significant adverse effects, apart from hypersensitivity reactions.. 

 

Adverse reactions include: 

 

1. GIT upset, (as with most antibiotics). 

 

2. Allergic reactions: 

 

 ● Including serious and fatal anaphylactic reactions. 

 

Anaphylaxis is more frequent following parenteral therapy, but it has 

also occurred in patients on oral therapy 

 

3. Dermatological: 

 

 ● Occasionally severe reactions such as Stevens-Johnson syndrome. 

 

4. Pseudomembranous colitis: 

 

● Pseudomembranous colitis has been reported with nearly all antibacterial 

 agents, including the cephalosporins, and may range in severity from mild 

 to life-threatening.  

 

Therefore, it is important to consider this diagnosis in patients who present 

with diarrhoea subsequent to the administration of antibacterial agents. 

 

5. Rapid IV administration of large doses may result in seizures, especially when 

 inappropriately high doses are used in renal impairment. 2 

 

Dosing 2 

 

Doses are expressed as ceftolozane/tazobactam. 

 

Administration advice: 

 

● Add dose to 100 mL sodium chloride 0.9% or glucose 5% and infuse IV over 1 

 hour 



 

Usually dosing in Adults is: 

 

● IV infusion, 1 gram / 500 mg every 8 hours  

 

 With metronidazole for intra-abdominal infections. 

 

Renal impairment: 

 

CrCl 30 - 50 mL/minute: 

 

● IV infusion 500 mg / 250 mg every 8 hours. 

 

CrCl 15 - 30 mL/minute: 

 

● IV infusion 250 mg / 125 mg every 8 hours. 

 

End-stage renal failure on haemodialysis: 

 

● IV infusion, loading dose 500 mg / 250 mg, followed by 100 mg / 50 mg every 8 

 hours.  

 

 On dialysis days, give dose after dialysis. 

 

.  
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