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Carbapenem-resistant Enterobacterales (CRE) pose a significant public health concern. CRE could be carbape-
namse producers or non-producers. In the Kingdom of Saudi Arabia, blapxa.4g and blaxpy represent the majority
of carbapenemase isolates. There are very limited treatment options for carbapenemase-producing CRE caused
by blanpm. Ceftazidime-avibactam plus aztreonam (CZA-ATM) or cefiderocol as monotherapy are considered the
treatment of choice for these infections. Here, we report a case of a 70-year-old man presented with surgical site
infection of above knee amputation stump. The cultures revealed carbapenem-resistant Klebsiella pneumoniae
positive for blaypm and blagxa.4g resistant to CZA-ATM therapy and intermediate susceptibility to tigecycline. He
was started on CZA-ATM both adjusted for renal function, and high dose tigecycline with daily wound dressing
and irrigation. By day 20 of the antibiotic regimens, he had clinical and microbiological cure based on repeated
wound cultures. This case identifies a rare incidence of CRE skin and soft tissue infection positive for blaypy and
blapxa-4s resistant to CZA-ATM in a background of limited targeted options, but successfully treated with CZA-
ATM and high-dose tigecycline. Such therapeutic approach might be useful in few circumstances when no other

antibiotic options are available to treat extensively drug-resistant Klebsiella pneumoniae.

Background

As antimicrobial resistance rises, resistance in Gram-negative mi-
croorganisms creates a serious therapeutic challenge. Carbapenem-
resistant Enterobacterales (CRE) pose a significant public health
concern. In 2017, the World Health Organization published a priority
pathogens list for research and development of new antibiotics in which
CRE were listed as a critical priority [1].

CRE could be carbapenamse producers or non-producers [2]. The
most well know of the 2 types are the carbapenemase producers in
which CRE acquire the carbapenemase gene. Unlike the United States in
which blagpc is the most predominant carbapenemase gene, in the
Kingdom of Saudi Arabia, blapxa.4s is the most common gene followed
by blanpm [3,4]. In the Kingdom, blapxa.4g and blaypy represent 70-82
% and 7-17 % of carbapenemase isolates, respectively [3,5]. Note-
worthy, the first case of Klebsiella pneumoniae carbapenemase
(KPC)-producing Enterobacterales in Saudi Arabia was reported from
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our center in 2020 [6].

There are very limited treatment options for carbapenemase-
producing CRE caused by blanpy. The preferred treatment options are
ceftazidime-avibactam plus aztreonam (CZA-ATM) or cefiderocol as
monotherapy. Aztreonam (ATM) is active against strains that produce
blanpy. However, this gene is usually co-produced with serine f-lacta-
mase including ESBLs, AmpC, KPCs, or OXA-48-like carbapenemases,
which hydrolyze ATM. This requires the addition of avibactam which
remains effective at inhibiting the activity of these latter p-lactamases
enabling ATM to overcome the hydrolysis from these enzymes and to
safely reach its site of activity (penicillin binding protein 3 [PBP3]) [2].
Tigecycline is an alternative option for the treatment of CRE infections
not including bloodstream or urinary tract independent of the presence
or type of carbapenemases [2].

Data regarding the percent of New Delhi Metallo p-Lactamase
(NDM)-producing isolates susceptible to the combination of CZA-ATM
are not available. In addition, there are very limited data regarding
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NDM-producing isolates exhibiting resistance to such regimen. Here, we
report a successful treatment outcome of patient with skin and soft tissue
infection due to Oxacillinase-48 (OXA-48) and NDM-producing CRE
resistant to CZA-ATM treated with combination regimen including high-
dose tigecycline. The IRB approval was granted for this case
(E24-8653).

Case presentation

A 70-year-old man who is known to have hypertension being
managed with lisinopril 20 mg daily, type 2 diabetes mellitus being
managed with metformin 850 mg twice daily, and two previous strokes
for which he is on aspirin 81 mg, clopidogrel 75 mg daily, and ator-
vastatin 40 mg daily. He was diagnosed to have right critical limb
ischemia in 2023 and underwent above knee amputation, which was
performed at another medical center in the Western Province. Two
weeks later, he presented to the vascular surgery clinic at our center
with purulent discharge from the surgical site of the amputation stump
when he was admitted for stump infection management.

The wound culture results revealed Klebsiella pneumoniae positive for
NDM and OXA-48 genes, as well as Acinetobacter baumannii (Table 1).
Laboratory studies showed mild leukocytosis with a white blood cell
count of 13.34 x 10° /L and hyperglycemia of 12.2 mmol/L. The he-
moglobin Alc (HbAlc) was 10.6 %. C-reactive protein (CRP) was 3.76
mg/L. Rest of chemistry profile was unremarkable. Magnetic resonance
imaging revealed no evidence of osteomyelitis or drainable collections.

Treatment was initiated with intravenous colistin, with a loading
dose of 9 million units followed by maintenance dose of 5 million units
every 12 h. Local debridement was performed for source control. Six
days later, he developed acute kidney injury, with a serum creatinine
level of 265 umol/L (baseline 62 pmol/L). Colistin and all nephrotoxic
medications were discontinued.

Afterward, he developed fever with a temperature of 38 °C, and
repeated tissue culture revealed Klebsiella pneumoniae positive for NDM
and OXA-48 genes, as well as Pseudomonas aeruginosa (Table 2).

Microbiology laboratory data

Wound specimens were transported to the microbiology laboratory
and underwent a Gram-stain procedure. Samples were then inoculated
in 5 % sheep blood agar, chocolate agar, and MacConkey agar plates and
stored in the incubator at 37 °C for 18-24 h. After the growth was
observed, identification and antimicrobial susceptibility testing to
commonly used antibiotics were performed using automated systems:
MicroScan WalkAway 96 plus (Beckman Coulter, Inc., Brea, CA, USA).
The automated systems identified the microorganisms with the

Table 1
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percentage of assurance and susceptibility to 15-20 antimicrobials
(susceptible, intermediate, or resistant). The susceptibility of these mi-
croorganisms to colistin was tested using commercial broth micro-
dilution [(ComASP™ Colistin (Liofilchem® srl, Roseto degli Abruzzi,
Italy)]. GeneXpert (Xpert® Carba-R; Cepheid, Sunnyvale, CA, USA) was
used to detect carbapenemase production and differentiate blagpc,
blanpwm, blayiy, blapp, and blapxa.4g genes.

In vitro susceptibility testing was performed on the isolate to eval-
uate the synergy of CZA-ATM using an E-test fixed ratio method. This
involved applying a standardized inoculum on a Mueller-Hinton agar
plate, followed by the application of an ATM E-test strip. The plate was
then incubated at room temperature for 5 min to 1 h to allow for
diffusion, after which the ATM E-test strip was removed. Then, a second
E-test strip of ceftazidime/avibactam (CZA) was positioned exactly over
the imprint of the first E-test strip. The inhibition zone and minimum
inhibitory concentration (MIC) were recorded after 18-20 h of incuba-
tion. ATM in the presence of CZA showed no synergic effect with a MIC
of > 16 pg/ml.

Antimicrobial therapy was switched to CZA 0.94 g IV every 12 h,
ATM IV 2 g every 12 h (both adjusted for renal function), and high dose
tigecycline 200 mg once followed by 100 mg IV every 12 h with daily
wound dressing and irrigation. He received a total of 20 days of this
combination therapy. Repeated wound cultures were done on day 12
and day 16 while on the later antibiotic regimen and returned back
negative. The wound had granulated well and was clean with no
discharge or inflammatory signs. As the patient remained vitally stable
and laboratory results were unremarkable, antibiotics were dis-
continued and he was discharged home.

Discussion

Here, we report a rare case of skin and soft tissue infection due to
NDM-producing CRE resistant to CZA-ATM and with intermediate sus-
ceptibility to tigecycline and colistin treated with combination regimen
including CZA-ATM and high-dose tigecycline. Colistin was initially
used and discontinued due to the incidence of acute kidney injury. Due
to its good penetration and the FDA approval for skin infections, tige-
cycline was used in this case. The successful outcome could be explained
by the use of high dose tigecycline and the fact that the infection did not
extend to the bone or bloodstream. Although a meta-analysis of 15
clinical trials showed that tigecycline is associated with higher rate of
mortality compared to alternative regimens [7], subsequent data
showed that mortality difference diminished when high dose tigecycline
is used (200 mg IV as a single dose followed 100 mg IV every 12 h) [8].
Other possibilities for successful treatment with CZA-ATM could be

Antimicrobial susceptibility results from wound culture according to clinical and laboratory standards institute (CLSI).

Klebsiella pneumoniae Acinetobacter baumanii

Drug MIC Int MIC Dil E-test Int E-test Dil MB int MB MIC Int MIC E-test Int E-test Dil MB Int MB Dil
Dil Dil

Amikacin S < =16 R > 32

Ampicillin R > 16 R > 16

Ampicillin\sulbactam R >16/8 R >16/8

Aztreonam R > 16

Cefepime R > 16 R > 16

Ceftazidime R > 16 R > 16

Ceftazidime\Avibactam R 256

Ciprofloxacin R > 2 R > 2

Colistin I 0.5 I 0.5

Gentamicin S < =4 R > 8

Imipenem R >8 R 32 R >8 R 32

Meropenem R >8 R 32 R >8 R 32

Tigecycline I 4 S 2

Tobramycin S <=4 R >8

Trimethoprim\Sulfa R > 4/76

Abbreviations: Dil: dilution; Int: interpretation; MIC, minimum inhibitory concentration; MB, Microbroth; susceptible; R, resistant; I, intermediate.
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Table 2
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Antimicrobial susceptibility results from tissue culture according to clinical and laboratory standards institute (CLSI).

Klebsiella pneumoniae Pseudomonas aeruginosa
Drug MIC Int MIC Dil E-test Int E-test Dil MB int MB MIC Int MIC Dil E-test Int E-test Dil MB Int MB Dil
Dil
Amikacin S < =16 S < =16
Amoxicillin\Clavulanate R > 16/8
Ampicillin R > 16
Aztreonam S 8
Cefepime R > 16 S 8
Cefoxitin R > 16
Ceftazidime R > 16 S 8
Cefuroxime R > 16
Ciprofloxacin R >2 R > 2
Colistin I <=0.25 I 0.5
Gentamicin S <=4 S <=4
Imipenem R >8 R 32 R 32
Levofloxacin R >4 R >4
Meropenem R >8 R 32 R 16
Piperacillin\Tazobactam R > 64 S 16/4
Tobramycin S <=4 S <=4
Tigecycline I 4
Trimethoprim\Sulfa R > 4/76

Abbreviations: Dil: dilution; Int: interpretation; MIC, minimum inhibitory concentration; MB, Microbroth; S, susceptible; R, resistant; I, intermediate.

discordance between MICs measured in vitro and the in vivo activity of
CZA against NDMs [9-11].

The selection of this regimen was due to several reasons. First, there
is very limited available option in this case. Second, the speculation that
CZA-ATM may retain activity against NDM-producing CRE although
Avibactam-ATM testing may not be active. This is may be due to that
ceftazidime targets more PBP, which hypothetically may serve as a
“decoy” that is inactivated by serine p-lactamases coexpressed with
NDM enzymes, allowing more amounts of ATM to reach PBP3 [12].
Third, beside the Klebsiella pneumoniae, the wound culture revealed
Pseudomonas aeruginosa susceptible to CZA and ATM which support the
decision of resuming CZA-ATM despite the lack of synergy against
Klebsiella isolate. Lastly, although the isolate was resistant to the com-
bination regimen, CLSI does not currently endorse a particular approach
to test in vitro activity with this combination which may question the
reliability of the results. Noteworthy, if susceptibility is demonstrated in
the in vitro testing, cefiderocol would be the most appropriate option in
this case. However, this agent is not currently available in the Kingdom
and not yet approved by the Saudi FDA.

Resistance to CZA-ATM is mostly due to presence of blaypy genes in
conjunction with modified PBP3, the specific site of activity of ATM
through a 4-amino acid insertion [13,14]. In addition, the resistance
could be due to the presence of a blacyy gene [15]. Resistance to
ATM-AVI (and, by extension, CZA-ATM) was reported in other countries
[12,16]. However, to our knowledge, no data was published in Saudi
Arabia.

In conclusion, although whole-genome sequencing to identify the
resistance mechanism was not conducted, this case identifies a rare
incidence of NDM-producing CRE causing skin and soft tissue infection
resistant to CZA-ATM but successfully treated with CZA-ATM and high-
dose tigecycline. Considering the current global challenges to treat
antimicrobial-resistant bacteria, we thought that our experience with
this patient could highlight the possible positive clinical and microbio-
logical outcomes by applying such salvage approach when the circum-
stances indicate.
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