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Abstract

Infection with multi-drug resistant bacteria is an uprising clinical problem that requires the
development of new antimicrobial agents. Sulbactam/avibactam increases sulbactam activity against
multi-drug resistant Acinetobacter baumannii in vitro; however, it has not been tested clinically yet.
Moreover, data about its use in children is limited. A 29-month-old boy was referred with a 40%
burn. The patient was on colistin and tigecycline for A. baumannii wound infection. Meropenem
was added for Serratia marcescens septicemia. However, repeated tissue culture revealed MDR A.
baumannii, which was only sensitive to trimethoprim-sulfamethoxazole (bactrim). The patient had
meropenem infusion in addition to Bactrim for three weeks. Unfortunately, the meropenem and
bactrim were halted because of treatment failure. Treatment was changed to ceftazidime/avibactam
and aztreonam. The patient deteriorated clinically after two days of this regimen; therefore, colistin
was added empirically. After one week of persistent fever and elevated inflammatory markers,
ceftazidime/avibactam and ampicillin/sulbactam were started. The fever subsided in 48 h, and
the inflammatory markers trended down with laboratory evidence of organism clearance after
two weeks. This case showed that avibactam/sulbactam could be an option for managing MDR A.
baumannii nosocomial infection in children.

Keywords: Multi-drug resistant; Nosocomial infection; Acinetobacter baumannii; Avibactam/
sulbactam

Introduction

Nosocomial infection with antimicrobial-resistant Acinetobacter baumannii (A. baumannii)
is an increasingly recognized problem [1]. The European and United States Centers for Disease
Control and Prevention (ECDC and CDC) classified A. baumannii resistance into three classes;
Multidrug-Resistance (MDR), extensive drug resistance (XDR), and Pan Drug-Resistant (PDR)
[2]. Nosocomial infections caused by A. baumannii are present in 13.6% of the culture-positive
nosocomial infection, and 20.9% are due to Carbapenem-Resistant A. Baumannii (CRAB)
[3]. According to the CDC, CRAB healthcare-associated infections are considered the highest
resistance pathogens, with an estimated prevalence of 8,500 cases per year [4]. Treatment of MDR
Acinetobacter is challenging, and there is no standard of care antibiotic regimen to compare the
results of other regimens to it [5]. The World Health Organization (WHO) recognized A. baumannii
resistance strains as a critical issue in healthcare and needs new antibiotics urgently [6]. The main
treatment agents are carbapenems (particularly meropenem), administered alone or with amikacin.
The principal alternatives are ampicillin/sulbactam, tigecycline, and colistin, especially in CRAB
infection [5]. Furthermore, managing such severe infections in children is complex and rarely
documented in the literature. The combination of sulbactam/avibactam increases sulbactam activity
against CRAB in vitro studies [7]. However, the combination has not been tested clinically yet. We
present a case of a child infected with a multi-drug-resistant A. baumannii and successfully treated
with sulbactam/avibactam combination therapy.

Case Presentation

A 29-month-old male child was referred to our institution with 40% burn involving the lower
limb and abdomen. One month before referral, the patient had multiple debridement procedures
and auto skin grafting; however, skin grafting was not successful. The wound grew A. baumannii
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Figure 1: The course of antibiotic therapy and fever.
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and was treated with colistin, tigecycline, and fluconazole. The patient
presented mechanically ventilated with septic shock and disseminated
intravascular coagulopathy. The patient was started empirically
on meropenem and vancomycin, plus colistin, tigecycline, and
fluconazole. Blood, respiratory, and tissue cultures revealed Serratia
marcescens, which was pan sensitive, and we continued the same
management regimen. The patient underwent wound irrigation and
debridement in the operating room. Colistin and tigecycline were
stopped after completing the course. Afterward, the patient was treated
for Serratia septicemia with meropenem for 14 days. The patient had
respiratory symptoms and infiltration in chest X-ray. Respiratory
culture revealed MDR A. baumannii, which was only sensitive to
trimethoprim-sulfamethoxazole, with intermediate sensitivity to
tigecycline. The isolate was resistant to other antibiotics, including
ampicillin/sulbactam, carbapenem, piperacillin/tazobactam,
ceftazidime/avibactam, and fluoroquinolones. Therefore, the pediatric
Infectious disease team prescribed tigecycline, meropenem prolonged
infusion, vancomycin, and bactrim. The patient continued tigecycline
for ten days and meropenem infusion with bactrim for three weeks.
However, the meropenem and bactrim were halted because of
treatment failure. The multi-disciplinary team decided to start the
patient on ceftazidime/avibactam and aztreonam, and suspected
gene resistance was sent for analysis. The patient deteriorated
clinically after two days of this regimen; therefore, colistin was added
empirically. After one week of treatment, the patient remained
clinically sick, with a high fever and increasing inflammatory markers.
The tested CRAB NDM, IPM and OXA48 genes came back negative.
The pediatric Infectious disease team decided to start ceftazidime/
avibactam and ampicillin/sulbactam based on a report of a successful
in vitro study [7]. Surprisingly, the fever subsided in 48 h, and the
inflammatory markers trended down with laboratory evidence of
organism clearance after two weeks (Figure 1). The patient received
the treatment regimen for three weeks with complete resolution of
infection and no sequela. He was discharged home in good condition
after completion of the treatment.

Discussion

Nosocomial infection with MDR A. baumannii is associated
with high mortality, up to 40% [8]. We reported a single case of a
burn patient who had wound and respiratory infections caused by
MDR A. baumannii. The standard management of A. baumannii
infections includes broad-spectrum cephalosporins, carbapenems, or
a combination of B-lactam/B-lactamase inhibitors [9]. However, there
is a need for new treatment options with the emergence of resistant
strains. Several studies were conducted to determine if a combination
of treatments is superior to monotherapy or might be more effective
in treating infections caused by MDR [5]. The majority of the
therapeutic options are based on in vitro or observational studies,
and a small number of studies evaluated the clinical efficacy and
safety of the treatment regimens [7]. The antimicrobial combination
is more favorable to be used over monotherapy to benefit from
the synergistic effect [5]. In our case, A. baumannii isolate was
susceptible to trimethoprim/sulfamethoxazole only and resistant to
all other antimicrobial agents. B-lactam antibiotics are preferred to
co-administer with B-lactamase inhibitors to inactivate B-lactamase
enzymes, which aid in preventing resistance. Colistin was used for the
management of A. baumannii infection. Shi et al. compare colistin
monotherapy versus colistin plus carbapenem to manage CRAB [9].
They found no mortality benefits for the combination therapy, and
the effectiveness of treatment was related to the APACHE II score. On
the other hand, Aydemir et al. found that colistin combination with
rifampicin decreased mortality compared to colistin monotherapy
in CRAB infections [10]. Tigecycline monotherapy or combination
regimens were reported to treat A. baumannii infections. Tigecycline-
containing therapy is an alternative therapy for A. baumannii
infections, particularly in individuals susceptible to colistin-
associated nephrotoxicity [11]. However, according to Kengkla et al.
[12], it possesses a remarkably lower cure rate than other management
options. Although tigecycline use in the pediatric population is not
commonly recommended by FDA as the clinical efficacy and safety
data is limited, Zeng et al. [13] found that tigecycline treatment
(1 mg/kg every 12 h with no loading dose) of an infant with XDR
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bacteremia was very effective. Moreover, losifidis and coworkers [14]
reported 13 pediatric cases with lower respiratory or bloodstream
infections caused by gram-negative bacteria (8/13 with A. baumannii)
treated successfully with tigecycline; the dose ranged between
1 mg/kg to 3.2 mg/kg with no loading dose. In our case, we could
not use tigecycline alone as A. baumannii isolate was not sensitive
to it. Infectious Disease Society of America guidelines stated that
tigecycline could be used as a monotherapy in mild infection and in
combination with other antibiotics in moderate and severe infection.
Additionally, high dose tigecycline can be considered in moderate
and severe infections [15]. Sulbactam is a f-lactamase inhibitor that
exhibits an intracellular activity against A. baumannii infections.
The combination of sulbactam with ampicillin was a useful therapy
in treating post neurosurgical meningitis and ventriculitis caused by
A. baumannii, as sulbactam exhibits the ability to pass through the
blood-brain barrier [15]. A recent study conducted by Wareham and
associates [16] showed increased in-vitro activity of sulbactam when
combined with cefepime against carbapenem-resistant A. baumannii,
with a significant reduction in minimal inhibitory concentration. A
study performed by Assimakopoulos et al. [17] showed that a triple
therapy of intravenous ampicillin/sulbactam, colistin plus tigecycline,
co-administered with aerosol colistin form in patients with ventilator-
associated pneumonia caused by carbapenem- and colistin-resistant
A. baumannii strains was a successful treatment. However, in this
study, the mean duration of the therapy was higher (13 days) than
the current recommended duration. Another study that compared
ampicillin/sulbactam, doripenem, and tigecycline monotherapy
and two-drug combinations showed that ampicillin/sulbactam plus
tigecycline had a better activity in-vitro than ampicillin/sulbactam
alone; however, all the regimens showed microbiological regrowth
after 24 h [18]. The combination of aztreonam/avibactam was used
successfully against Metallo-3-Lactamase (MBL) producer Klebsiella
pneumoniae and Enterobacterales. MBL does not affect aztreonam,
and avibactam can inactivate other -lactamase enzymes like OXA-
48 and NDM-1 [19]. Nevertheless, it was not active against CRAB
infections. In our case, the patient was started on a combination
of ceftazidime/avibactam plus aztreonam after the failure of the
previous regimen. However, this combination was ineffective against
MDR A. baumannii, and aztreonam was discontinued as OXA and
NDM were not detected. A recently published in-vitro study found
that a combination of avibactam/sulbactam is an effective therapy
for MDR A. baumannii. It showed a cutback in minimal inhibitory
concentration compared to avibactam or sulbactam alone [7,20].
A combination of avibactam/sulbactam is usually achieved by
administering ceftazidime/avibactam concomitantly with ampicillin/
sulbactam. This combination was a successful treatment in our case,
where the patient experienced clinical improvement after 48 h and
laboratory eradication after two weeks of administration. To our
knowledge, this is the first case that showed the successful clinical
treatment of A. baumannii infection in a child with avibactam/
sulbactam. A larger clinical trial is recommended to confirm
our findings and thoroughly evaluate the therapeutic benefits of
avibactam/sulbactam in MDR A. baumannii and the associated
adverse events.

Conclusion

for

Avibactam/sulbactam could be beneficial managing

nosocomial infection caused by MDR A. baumannii in children.
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