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Abstract

extended-spectrum f-lactamase bla,, .,

Following prolonged hospitalization that included broad-spectrum antibiotic exposure, a strain of Providencia rettgeri was cul-
tured from the blood of a patient undergoing extracorporeal membrane oxygenation treatment for hypoxic respiratory failure
due to COVID-19. The strain was resistant to all antimicrobials tested including the novel siderophore cephalosporin, cefidero-
col. Whole genome sequencing detected ten antimicrobial resistance genes, including the metallo-fg-lactamase bla
and the rare 16S methyltransferase rmtB2.
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As of January 2021, 100 million people have been infected
and over 2.1 million people have died worldwide [1] as a
result of the novel coronavirus, severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), the etiological agent
of coronavirus disease 2019 (COVID-19). Hospitalization
due to COVID-19 may require prolonged use of mechanical
ventilation [2], central venous catheters and extracorporeal
membrane oxygenation (ECMO) [3], all of which are associ-
ated with an increased risk of infection [4].

Recent studies have shown that from 4-28% of patients hospi-
talized with COVID-19 can develop secondary bacterial infec-
tions, including infections with multi-drug resistant (MDR)
strains [5, 6]. Furthermore, clinical uncertainty surrounding
the treatment and management of COVID-19 has resulted
in extensive antimicrobial use, with a recent review showing
that despite just 8% of patients with COVID-19 developing
co-infections, 72% have received antimicrobial therapy [7].
In the absence of appropriate antimicrobial stewardship,
excessive use of antimicrobials can serve as a strong selective
pressure for MDR organisms [8]. In this report, we describe
a pan-drug resistant (PDR) Providencia rettgeri cultured from

the blood and a peri-rectal swab of a patient hospitalized
with COVID-19 following pathogen directed therapy for a
different organism.

A patient in his mid-sixties, with a history of diabetes
mellitus, hypertension and an immunocompromised
state presented to a hospital with hypoxic respiratory
failure secondary to COVID-19. Despite a 5 day course of
Remdesivir, two doses of COVID-19 convalescent plasma,
and a ten-day course of dexamethasone for his infection,
he was ultimately intubated on hospital day (HD) 16. He
was transferred to our facility on HD 23 for veno-venous
extracorporeal membrane oxygenation (VV-ECMO).

Upon transfer, he was noted to have a leukocytosis of
20.1x10? cells mm™" and his chest x-ray demonstrated bilat-
eral diffuse mixed airspace opacities. He was empirically
started on broad-spectrum antimicrobials (vancomycin
and cefepime), which were discontinued when cultures of
blood, respiratory, and urine samples had no growth. He
developed a ventilator-associated pneumonia (VAP) on HD
39 and received pathogen directed therapy with tobramycin
and minocycline for Acinetobacter Iwoffii. On HD 54, he
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Table 1. Antibiotic susceptibility profile of P rettgeri MRSN 845308

Antibiotic Method* MIC (ug ml™) Interpretationt
Amikacin Vitek 2 >=64 R
Ampicillin Vitek 2 >=32 R
/Sulbactam

Ampicillin Vitek 2 >=32 R
Aztreonam Vitek 2 >=64 R
Cefepime Vitek 2 >=64 R
Cefiderocol BMD >32 R
Ceftazidime Vitek 2 >=64 R
Ceftazidime Vitek 2 >=16/4 R
/Avibactam

Ceftolozane Vitek 2 >8/4 R
/Tazobactam

Ceftriaxone Vitek 2 >=64 R
Ciprofloxacin Vitek 2 >=4 R
Colistin BMD >4 R
Delafloxacin BMD >1 R
Eravacycline BMD >8 NS
Ertapenem Vitek 2 >=8 R
Gentamicin Vitek 2 >=16 R
Imipenem Vitek 2 >=16 R
Imipenem BMD >16/4 R
/Relebactam

Meropenem Vitek 2 >=16 R
Meropenem BMD >16/8 R
/Vaborbactam

Omadacycline BMD >8 R
Piperacillin Vitek 2 >=128 R
/Tazobactam

Plazomicin BMD >4 R
Tobramycin Vitek 2 >=16 R
Trimethoprim Vitek 2 >=320 R
/Sulfamethoxazole

*AST testing on the Vitek2 was performed using the AST-GN95 and AST-XN09
panels. BMD, broth microdilution.

1R, resistant; S, sensitive; NS, non-susceptible. Breakpoints based on CLSI M100
Performance Standards for Antimicrobial Susceptibility Testing, 30th Edition
(2020). No intermediate or resistant breakpoints have been established for
eravacycline with Enterobacterales to date.

developed mixed cardiogenic and distributive shock; repeat
blood cultures were obtained. Blood cultures yielded PDR
Providencia rettgeri (MRSN 845308), identified by matrix-
assisted laser desorption ionization-time of flight mass
spectrometry (MALDI-TOF; Vitek MS) and antimicrobial
susceptibility testing was performed using VITEK 2. A
Cepheid Xpert Carba-R assay detected the bla_ gene.
This P. rettgeri continued to grow from subsequent blood
cultures on HD 57, 58, and 62 and was also isolated from
a peri-rectal swab collected and screened for MDRO on

HD 59. Without any known active antimicrobial agents
according to the available antimicrobial susceptibility
testing, the patient was treated with cefiderocol on HD
58. Simultaneously, the isolate was sent to the Multi-drug
resistant organism Repository and Surveillance Network
(MRSN) for susceptibility testing against cefiderocol and
eravacycline, using Disc Diffusion (Hardy Diagnostics
Cat# 79435, 30 ug) and E-test (bioMérieux, Cat# 421553),
respectively. In addition, the isolate was forwarded to the
Medical Microbiology Department at the Johns Hopkins
Hospital for broth microdilution (BMD) confirmation
using the Sensititre MDRGNX2F panel (ThermoFisher).
Results from both laboratories indicated that the isolate was
non-susceptible to all available antimicrobials (Table 1).

As recent reports have suggested that a combination of
aztreonam and avibactam may be effective against metallo-
f-lactamase (MBL)-producing organisms [9, 10], the patient
was administered these agents on HD 65. Concurrently, P.
rettgeri MRSN 845308 was tested for susceptibility to these
agents at the MRSN using the E-test strip superposition
method described by Emeraud and colleagues [9]. Results
demonstrated a reduction in aztreonam minimum inhibi-
tory concentration (MIC) from >256 pg ml™ to 4 ug ml™
(Fig. 1). The patient’s family made the decision to withdraw
care secondary to multi-organ failure and overall poor
prognosis and the patient passed away on HD 66.

To better understand the PDR phenotype of P. rettgeri
MRSN 845308, whole genome sequencing (WGS) was
performed using an Illumina Miseq benchtop sequencer,
as previously described [11]. Multiple antimicrobial resist-
ance (AMR) genes were identified, including the MBL
carbapenemase bla . the 16S methyltransferase rmtB2
and the extended-spectrum f-lactamase (ESBL), bla,_ ,. In
addition, the isolate also carried genes encoding resistance
to aminoglycosides (aac(6')—-1b, aph(3')-Ia, and aadAl),
macrolides (mph(A)), quinolones (qgnrD1), trimethoprim
(dfrAl) and sulfonamides (sull). Thus, the alarming anti-
microbial susceptibility profile of this organism is reflected
in the gene content, with the combination of PER-1 and
NDM-1 contributing to the comprehensive f-lactam
resistance. Similarly, the presence of the rare 16S methyl-
transferase RmtB2 ensures that the organism is resistant
to all available aminoglycosides. When combined with the
intrinsic resistance of Providencia to colistin and tigecy-
cline, the resulting organism is a case study in true pan-drug
resistance and constitutes a serious treatment challenge.

The high-level resistance to cefiderocol was unexpected as this
agent can remain active in the presence of the most common
intrinsic and acquired mechanisms of S-lactam resistance
among Gram-negative bacilli, including f-lactamases and
carbapenemases [12]. However, elevated MICs to this agent
have been reported among Gram-negative bacilli, including
P rettgeri, with PER and NDM enzymes being implicated in
cefiderocol resistance in strains of Acinetobacter baumannii,
Enterobacter cloacae and K. pneumoniae ([13], and for a recent
review see [14]). Notably, the presence of these enzymes alone
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Fig. 1. Aztreonam/Avibactam synergy testing. Aztreonam E-test with Providencia rettgeri MRSN 845308 (a) alone and (b) after an initial
10 min exposure to ceftazidime/avibactam E-Test using the E-test strip superposition method described by Emeraud and colleagues [9].

may not be sufficient to confer resistance to cefiderocol [13]
and multiple other resistance mechanisms involving gene
mutation have also been reported [14].

Providencia are intrinsically resistant to the tetracyclines,
and like tigecycline and omadacycline, eravacycline has
poor activity against this genus. However, an early report on
eravacycline indicated that this agent is two- to four-fold more
active against carbapenem-resistant Enterobacteriaceae than
tigecycline [15]. In the case of P, rettgeri MRSN 845308, MICs
of eravacycline were >8 pgml™' by BMD and >256 uygml™' by
E-test (data not shown). This high-level resistance is also
unusual, with Livermore and colleagues reporting eravacy-
cline MICs <16 ugml™' among 15 Proteae, including five P.
rettgeri and three P. stuartii [15]. Further study on P. rettgeri
MRSN 845308 is currently underway to unravel the mecha-
nism of resistance to both of these agents in this strain.

The isolation of PDR P. rettgeri MRSN 845308 from a patient
hospitalized for over 9 weeks provides a stark example of the
need for comprehensive surveillance of all MDR organisms
to better prevent their dissemination and inform appropriate
antimicrobial stewardship. To the best of our knowledge,
bacteria exhibiting this combination of antimicrobial resist-
ance genes and antimicrobial susceptibility profile has not
been described in the USA to date. Notably, the same P
rettgeri was also cultured from a peri-rectal swab, suggesting
the patient was colonized by this strain prior to admission.
Off-target antimicrobial exposure has been identified as a
potential source for MDR selection and subsequent infection
[16] and though speculative, it is possible that the tobramycin
therapy directed against the A. Iwoffi VAP could have resulted
in oft-target selection of the RmtB2-producing P. rettgeri,

with subsequent translocation into the bloodstream. The
PDR phenotype of this organism is also a cause for great
concern and highlights the need for novel therapeutics. While
it was promising that the organism was susceptible to the
aztreonam/ceftazidime-avibactam combination in vitro, the
efficacy of this approach could not be determined in vivo due
to the death of the patient 1 day after treatment commenced.

Finally, Infectious Disease and Infection Prevention and
Control departments should be cognizant that broad-
spectrum antimicrobial treatment/prophylaxis in COVID-19
patients, combined with prolonged hospital stays, could create
a favourable niche for the emergence and spread of multi-
drug resistant strains and species that might otherwise be
rarely associated with human disease.

Funding information
This study was funded by by the U.S. Army Medical Command and the
Defense Medical Research and Development Program.

Acknowledgements

Material has been reviewed by the Walter Reed Army Institute of
Research. There is no objection to its presentation. The opinions or
assertions contained herein are the private views of the authors and
are not to be construed as official, or reflecting the views of the Depart-
ment of the Army or the Department of Defence.

Conflicts of interest
The authors declared that there are no conflicts of interest.

Ethical statement

The Human Subject Research Board at the Walter Reed Army Institute
of Research has determined that patient consent is not required for this
article as it falls under the auspices of Public Health. All efforts have
been taken to ensure patient data is kept confidential and in compliance
with the Declaration of Helsinki.



Mc Gann et al., Journal of Medical Microbiology 2021;70:001406

References

1.

Dong E, Du H, Gardner L. An interactive web-based dashboard to
track COVID-19 in real time. Lancet Infect Dis 2020;20:533-534.

Sommer DD, Engels PT, Weitzel EK, Khalili S, Corsten M. Recom-
mendations from the CSO-HNS taskforce on performance of
tracheotomy during the COVID-19 pandemic. J Otolaryngol Head
Neck Surg 2020;49:23.

Schmidt M, Hajage D, Lebreton G, Monsel A, Voiriot G. Extra-
corporeal membrane oxygenation for severe acute respiratory
distress syndrome associated with COVID-19: a retrospective
cohort study. Lancet Respir Med 2020;8:1121-1131.

Boev C, Kiss E. Hospital-acquired infections: Current trends and
prevention. Crit Care Nurs Clin North Am 2017;29:51-65.

Contou D, Claudinon A, Pajot O, Micaelo M, Longuet Flandre P.
Bacterial and viral co-infections in patients with severe SARS-
CoV-2 pneumonia admitted to a French ICU. Ann Intensive Care
2020;10:119.

Garcia-Vidal C, Sanjuan G, Moreno-Garcia E, Puerta-Alcalde P,
Garcia-Pouton N, et al. Incidence of co-infections and superin-
fections in hospitalized patients with COVID-19: A retrospective
cohort study. Clin Microbiol Infect 2020;27:83-88.

Rawson TM, Moore LSP, Zhu N, Ranganathan N, Skolimowska K,
et al. Bacterial and fungal coinfection in individuals with corona-
virus: Arapid review to support COVID-19 antimicrobial prescribing.
Clin Infect Dis 2020;71:2459-2468.

Bauer KA, Kullar R, Gilchrist M, File TM Jr. Antibiotics and adverse
events: the role of antimicrobial stewardship programs in “doing
no harm”. Curr Opin Infect Dis 2019;32:553-558.

Emeraud C, Escaut L, Boucly A, Fortineau N, Bonnin RA, et al.
Aztreonam plus Clavulanate, Tazobactam, or Avibactam for treat-
ment of infections caused by Metallo-beta-Lactamase-producing
Gram-negative bacteria. Antimicrob Agents Chemother 2019;63.
Sader HS, Carvalhaes CG, Arends SJR, Castanheira M, Mendes RE.
Aztreonam/avibactam activity against clinical isolates of Entero-
bacterales collected in Europe, Asia and Latin America in 2019. J
Antimicrob Chemother 2020.

. Galac MR, Snesrud E, Lebreton F, Stam J, Julius M, et al. A diverse

panel of clinical Acinetobacter baumannii for research and develop-
ment. 2020;64.

Ito A, Sato T, Ota M, Takemura M, Nishikawa T, et al. In vitro antibac-
terial properties of cefiderocol, a novel siderophore sephalosporin,
against gram-negative bacteria. Antimicrob Agents Chemother
2018;62.

Kohira N, Hackel MA, Ishioka Y, Kuroiwa M, Sahm DF. Reduced
susceptibility mechanism to cefiderocol, a siderophore cepha-
losporin, among clinical isolates from a global surveillance
programme  (SIDERO-WT-2014). J Glob Antimicrob Resist
2020;22:738-741.

Simner PJ, Patel R. Cefiderocol antimicrobial susceptibility testing
considerations: the achilles heel of the trojan horse? J Clin Micro-
biol 2020;59.

Livermore DM, Mushtaq S, Warner M, Woodford N. /n vitro activity
of eravacycline against Carbapenem-resistant Enterobacte-
riaceae and Acinetobacter baumannii. Antimicrob Agents Chemother
2016;60:3840-3844.

Morley VJ, Woods RJ, Read AF. Bystander selection for antimicro-
bial resistance: Implications for patient health. Trends Microbiol
2019,27:864-877.

the world.

Five reasons to publish your next article with a Microbiology Society journal

1. The Microbiology Society is a not-for-profit organization.
2. We offer fast and rigorous peer review — average time to first decision is 4—6 weeks.
3. Our journals have a global readership with subscriptions held in research institutions around

4. 80% of our authors rate our submission process as ‘excellent’ or ‘very good".
5. Your article will be published on an interactive journal platform with advanced metrics.

Find out more and submit your article at microbiologyresearch.org.




	Pan-­drug resistant ﻿Providencia rettgeri﻿ contributing to a fatal case of COVID-19
	Abstract
	References


