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AbstrAct
Introduction. Ceftazidime/avibactam, a novel beta-lactam antibiotic, demonstrates time-dependent bacterial killing; 
thus, new reports advocate its administration as a continuous infusion, as opposed to bolus or prolonged infusion 
application. 
Methods. Critically ill COVID-19 patients (n=10) superinfected with OXA-48-producing Klebsiella pneumoniae susceptible 
to ceftazidime/avibactam were treated with ceftazidime/avibactam as a continuous infusion for an average of 10 days. 
The treatment regimen included an initial loading dose, followed by a continuous infusion of ceftazidime/avibactam. 
These patients were immunocompromised because of severe COVID-19, treatment with corticosteroids, and some solid 
organ transplant recipients (n=2), all with high disease severity scores. 
Discussion. Considering the published literature to this date, this is the one of first reports describing the real-life results 
of using a continuous infusion of ceftazidime/avibactam in the treatment of OXA-48-producing K. pneumoniae 
superinfection in critically ill COVID-19 patients. Microbiological effectiveness of treatment, evidenced by negativization 
of microbiological samples, was achieved in eight cases (80%) overall, but in patients with sepsis and urinary tract 
infection, the cure rate was 100%. 
Conclusion. The reasons for the low treatment success rates in pneumonia caused by OXA-48-producing K. pneumoniae 
could be explained by the concurrent severe COVID-19 pneumonia.
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IntrOductIOn

Patients with coronavirus 2019 disease (COVID-19) 
often suffer from co- or superinfection with various 
pathogens, especially critically ill patients hospital-
ized in intensive care units (ICUs). Klebsiella 

pneumoniae emerged as the most frequent cause of 
bacterial co-infection, and the third most frequent 
cause of bacterial superinfection [1], often causing 
pneumonia, urinary tract infection, or sepsis. In our 
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patient population, there were multiple cases of OXA-
48-producing K. pneumoniae isolated from micro-
biological samples obtained from severely ill COVID-19 
patients with bacterial superinfections. These Gram-
negative bacteria were multidrug-resistant but 
susceptible to a novel beta-lactam antibiotic, cefta-
zidime/avibactam.

Ceftazidime is a third-generation cephalosporin 
with broad-spectrum gram-negative activity that 
causes bacterial cell lysis and death by binding to 
penicillin-binding proteins and inhibiting cell wall 
biosynthesis. Avibactam is a β-lactamase inhibitor 
that protects ceftazidime from degradation by 
β-lactamase enzymes, including class D β-lactamases 
(such as OXA-48) [2]. Most manufacturers recom-
mend ceftazidime/avibactam dosing three times dai-
ly (or less, in renal compromise) in a two-hour-long 
infusion.

An important feature of beta-lactam antibiotics is 
time-dependent bacterial killing, their efficacy is as-
sociated with the percentage of the dosing interval in 
which the unbound concentration remains higher 
than the minimum inhibitory concentration (MIC) of 
the targeted pathogen. Therefore, many authors sug-
gest administering them as either prolonged or con-
tinuous infusions to achieve an aggressive pharma-
cokinetic/ pharmacodynamics (PK/PD) target and 
maximize the efficacy of the drug, particularly in crit-
ically ill and immunocompromised patients [3].

MEtHOds

A retrospective analysis of the effectiveness of 
continuous infusion of ceftazidime/avibactam was 
conducted in all patients with proven OXA-48-pro-
ducing K. pneumoniae infection and confirmed sus-
ceptibility to ceftazidime/avibactam who were treat-
ed according to this protocol from November 2021 to 
November 2022 in the COVID ICU at the University 
Hospital Centre Zagreb in Croatia. 

Considering this rationale, for the newly estab-
lished COVID-19 Intensive Care Unit (ICU), a treat-
ment for patients with confirmed OXA-48-producing 
K. pneumoniae infection with proven ceftazidime/
avibactam sensitivity was created. The treatment 
regimen included an initial loading dose of 2.5 g (2 g 
ceftazidime+0.5 g avibactam) over 2 hours, followed 
by a continuous infusion of ceftazidime/avibactam of 
5 g over 12 hours. The dose should be adjusted for 
renal insufficiency based on the estimated glomeru-
lar filtration rate (eGFR).

Susceptibility to ceftazidime/avibactam was as-
certained according to European Committee on Anti-
microbial Susceptibility Testing (EUCAST) breakpoint 
definitions. Laboratory and clinical data were ex-
tracted from the patients' electronic records. A demo-
graphic analysis of our patients was conducted, with 

comorbidity burden assessed by the Charlson Comor-
bidity Index and the severity of index illness using 
the Apache score, SOFA score, and Pitt bacteremia 
score for patients with bacteremia. The rate of micro-
biological and clinical effectiveness of the treatment 
regimen and the rate of side effects and survival at 30 
and 90 days were analyzed.

rEsuLts

The patient cohort included 10 patients with con-
firmed COVID-19 infection and OXA-48-producing K. 
pneumoniae superinfection who were treated with a 
continuous ceftazidime/avibactam infusion regimen.

The patients were predominantly male (80%), 
with a mean age of 62.3 years (range 37-76 years), 
and most of them (60%) had two or more comorbidi-
ties prior to hospital admission. The Charlson Comor-
bidity Index was 4.4 (range 2-8). Of note, two patients 
were recipients of a solid organ transplant (the kid-
ney or heart).

At admission to the ICU, the majority of the pa-
tients were critically ill, with a median Apache score 
of 17.5 (range 11-23) and a mean SOFA score of 5.0 
(range 2-11). For patients with bacteremia (n=5), the 
average Pitt bacteremia score was 4.07.

K. pneumoniae is usually present at more than one 
microbiological site. The most frequent infections 
were sepsis (n=5), lower respiratory tract infection 
(n=3), and urinary tract infection (n=2). All but one 
patient had previously isolated K. pneumoniae from 
surveillance cultures, mostly from rectal swabs 
(58%).

The median time from sampling of relevant mi-
crobiological samples to the initiation of treatment 
was 2 days (0–6 days). The mean treatment duration 
was 10 days (range 4-25 days). 

Microbiological effectiveness of treatment, evi-
denced by negativization of microbiological samples, 
was achieved in eight cases (80%). Microbiological 
negativization was achieved in 100% of the patients 
with septicemia (n=5) and urinary tract infection 
(n=2). A low rate of microbiological negativization 
was observed in patients with bacterial pneumonia 
superinfection (one of three patients). Recurrent in-
fection was noted in three of the cases. The all-cause 
mortality at 30 days was 80%, while the mortality at 
90 days was 100%.

Considering adverse reactions to the drug, no pa-
tients developed allergic reactions to the drug. One 
patient developed renal failure and was treated with 
continuous renal replacement therapy (CRRT), al-
though the causal relationship with ceftazidime/
avibactam therapy could not be determined because 
of a plethora of confounding factors. No other side 
effects were observed. 
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dIscussIOn

Considering the published literature to this date, 
this is the one of first reports describing the real-life 
results of using a continuous infusion of ceftazidime/
avibactam in the treatment of OXA-48-producing K. 
pneumoniae superinfection in critically ill COVID-19 
patients.

The first studies comparing the treatment of car-
bapenem-resistant Klebsiella pneumoniae bacteremia 
with ceftazidime/avibactam with other antibiotic 
regimens cited higher clinical success and survival 
rates in the ceftazidime/avibactam group than in 
comparators (carbapenem plus aminoglycoside or 
colistin, or other therapies such as aminoglycoside, 
carbapenem, colistin, tigecycline, and ciprofloxacin 
monotherapy or combination therapy), with clinical 
success for ceftazidime/avibactam regimen of 85%, 
30 and 90 days survival of 92%, and acute kidney in-
jury rates of 25% at the end of treatment [4].

Only a few studies have described the application 
of a therapeutic regimen of prolonged or continuous 
infusions of ceftazidime/avibactam, and even fewer 
have been used for the treatment of multidrug-resist-
ant Klebsiella pneumoniae. Most are summarized in 
a review article by Gatti and Pea [3]. These are three 
case reports, one retrospective case series of 10 pa-
tients (four of which had multidrug-resistant Kleb-
siella pneumoniae infection) by Goncette et al. [5], and 
a multicenter retrospective cohort study by Tum-
barello et al. on 577 patients [6]. Tumbarello et al. ap-
plied ceftazidime/avibactam in the regime of pro-
longed three-hour-long infusion and managed to 
prove a survival benefit. Goncetta et al. used a contin-
uous infusion of ceftazidime/avibactam and achieved 
a PK/PD target of 100%T>5×MIC (median 13.3-fold the 
MIC) in 100% of patients, a clinical cure of 80%, mi-
crobiological eradication of 90%, and a 30-day mor-
tality rate of 10%. Another report by Venutti et al. 
[11], published in 2023, summarized the available 
pharmacological and clinical data regarding pro-
longed infusion. It was found to protect beta-lactams 
and concluded that the suggested administration is 
supported because it optimizes therapeutic activity 
by increasing the probability of attaining maximal 
bactericidal activity.

Using a continuous infusion regimen of ceftazi-
dime/avibactam, we achieved a 100% cure rate in pa-
tients with sepsis and urinary tract infection, which 
is higher than that previously reported. 

Unfortunately, despite the physiological and phar-
macological plausibility of the continuous infusion 
treatment regimen, microbiological and clinical suc-
cess rates were not observed (33% vs. 85%, or 80-90%) 
in patients with COVID-19 and lower respiratory tract 
OXA-48-producing K. pneumoniae superinfection. 

In theory, the low efficacy of this treatment regi-
men could be explained by the potential simultane-

ous presence of lung microthrombosis, a frequent 
feature of severe COVID-19 [7], for which we did not 
screen our patient population. A systematic review of 
microthrombi in COVID-19 autopsies found that mi-
crothrombi in the lungs appeared in up to 73% of pa-
tients who died of severe COVID-19 [8]. One could 
assume that the presence of non-perfused tissue pre-
sents a microbiological site even though continuous-
ly high antibiotic concentrations cannot be over-
come; however, this assumption requires separate 
investigation.

The interpretation of the mortality results in this 
study remains inconclusive due to the unfavorable 
clinical course of patients with severe COVID-19 in-
fection.

All the investigated patients were immunocom-
promised, in part as a consequence of the immune 
dysregulation caused by COVID-19, and in part due to 
the concurrent treatment with corticosteroids, a 
mainstay treatment for severe COVID-19. Twenty% of 
the patients were receiving chronic corticosteroid 
therapy because they had received an organ trans-
plant. This report highlights the need for a careful 
approach in the treatment of immunocompromised 
patients with ceftazidime-avibactam. Due to strained 
healthcare resources during the pandemic, the meas-
urement of plasma antibiotic concentration in our 
case was not possible. Currently, therapeutic drug 
monitoring for ceftazidime/avibactam is not widely 
recommended. However, some reports have shown 
that it can help avoid under- and over-dosing, thus 
ensuring the attainment of PK/PD targets while mini-
mizing the risk of ceftazidime/avibactam side effects 
[9], especially in patients undergoing CRRT [10]. It 
would seem wise to implement therapeutic drug 
monitoring for ceftazidime/avibactam in immuno-
compromised patients.

The extrapolation of these conclusions to the gen-
eral population of all critically ill patients should be 
approached with caution. The retrospective, sin-
gle-center design and relatively small sample size of 
this study should be considered.

Further studies are needed, with a more rigorous 
study design of the continuous infusion of ceftazi-
dime-avibactam in susceptible infections.
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