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Abstract

We describe a rare instance of donor-derived OXA-23-producing carbapenem-resistant
Acinetobacter baumannii transmission during lung transplantation and the subsequent public
health response. This investigation highlights how transplantation can introduce rare multidrug-
resistant organisms into different healthcare facilities and regions.
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1| INTRODUCTION

Acinetobacter baumanniiis an environmental pathogen and a recognized cause of
healthcare-associated infections.! Outbreaks of infections caused by A baumannii are often
due to persistent environmental contamination and person-to-person spread mediated by
healthcare workers.2 Carbapenem-resistant A baumannii (CRAB) is a serious public health
threat and accounts for nearly half of all A baumanniiisolated from healthcare-associated
infections in the United States.2 OXA-23 is an acquired beta-lactamase with carbapenemase
activity that has been found in nearly 50% of US CRAB isolates.* We describe a rare
instance of OXA-23-producing CRAB transmission through organ transplantation and the
public health response.

2| CASE REPORT

On August 20, 2018, the Connecticut Department of Public Health (CDPH) notified the
Centers for Disease Control and Prevention (CDC) of an OXA-23-producing CRAB isolate
recovered from the sputum of a hospitalized patient who subsequently died and became a
solid organ donor. The donor, a 55-year-old male without any recent healthcare exposure,
was the 7th person identified as part of an ongoing CRAB outbreak at the healthcare facility.
CRAB is a reportable laboratory finding in Connecticut®, and CDPH had been working
closely with the healthcare facility for several weeks prior to the identification of the donor
to track and stop the outbreak.

The donor initially presented with an extensive subarachnoid hemorrhage after falling down
a flight of stairs. His neurologic status deteriorated during the hospitalization, and he was
intubated 5 days after admission. On hospital day 9, the patient developed a fever and
copious secretions; a sputum culture was collected as part of the clinical evaluation for
pneumonia, and he was started empirically on cefepime and vancomycin. The patient died
14 days after admission, and both lungs (1 recipient), kidneys (2 recipients), and liver (1
recipient) were transplanted at three healthcare facilities in Connecticut and Massachusetts,
all of which were different than the donor hospital. CRAB isolated from donor sputum

was identified as OXA-23-producing by the CDC Antibiotic Resistance Laboratory Network
(AR Laboratory Network) Northeast Regional Laboratory, the Wadsworth Center (WC),
after all organs had been transplanted. The recipient transplant centers were notified of the
results.

Blood, urine, and respiratory cultures were obtained from the four organ recipients as part
of the post-transplant clinical evaluation. Cultures of the donor’s lungs were performed
immediately prior to transplantation at the recipient healthcare facility. The peri-operative
antibiotic regimen included cefepime, vancomycin, micafungin, inhaled tobramycin, and
inhaled amphotericin B. Post-operatively, the lung recipient was placed into special isolation
precautions, which included a private, positive pressure room with healthcare personnel
using contact precautions (ie, gown and gloves) and a surgical mask upon entry to the room.
CRAB was identified on post-operative day 2.
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From post-operative day 1 through post-operative day 11, the lung recipient had no clinical
manifestations of infection. On post-operative day 12, the patient developed leukocytosis;
chest computed tomography did not show evidence of pneumonia, but bronchoscopy
revealed adherent mucus with nearly complete occlusion of the anastomoses, with a
bronchoalveolar lavage culture identifying CRAB. Given concerns regarding the integrity
of the bronchial anastomosis, the patient was started on intravenous tigecycline (one initial
dose of 100 mg, followed by 50 mg every 12 hours) for 19 days and nebulized colistin for
45 days for treatment of CRAB. He was discharged from the hospital on post-operative day
18. Nearly 6 months following transplantation, the patient remained colonized with CRAB
based on surveillance cultures of the lungs. A review of institutional clinical microbiology
data during the 9 months following the transplant was conducted in order to identify
secondary transmission in the facility; no patients with CRAB isolates that had similar
antimicrobial susceptibility profiles as the lung recipien’s CRAB isolate were determined to
be epidemiologically linked to the lung recipient. CRAB was not identified from the other
three organ recipients.

3| MICROBIOLOGICAL INVESTIGATION

One CRAB isolate from the donor and two isolates (R-1, R-2) from the lung recipient
obtained from a bronchoalveolar lavage on post-operative day 28 were tested at the

WC to confirm species by matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry, obtain antimicrobial susceptibilities by broth microdilution, and determine
the carbapenem resistance mechanism by real-time polymerase chain reaction. Whole
genome sequencing (WGS) was used for further isolate characterization, and pulsed-field
gel electrophoresis (PFGE) was performed to assess isolate relatedness. All three isolates
were confirmed to be A baumannii sequence type 2, harbored b/apxa-23, and were resistant
to at least five classes of antimicrobials; one of the recipient isolates (R-2) was also resistant
to colistin (Table 1). Identical AR gene profiles were identified across the three isolates,
with blagx a-23 located on transposon Tn2006. Using WGS, the isolates from the lung
recipient and organ donor differed by 2-4 single-nucleotide polymorphisms (SNPs); the
PFGE patterns from the recipient and donor isolates varied by 4-5 bands (Figure 1).

4| DISCUSSION

We describe a case of donor-derived CRAB transmission during lung transplantation with
important public health implications. While most reported CRAB outbreaks have occurred
among patients in a single healthcare facility, this case illustrates the potential for multidrug-
resistant organisms (MDROSs) to move between facilities though transplantation, facilitating
the spread of MDROs across regions. This case also highlights the importance of regional
collaborations between healthcare facilities and public health authorities to respond to
emerging resistance and prevent the spread of MDROs.

Public health laboratories play a critical role in identifying emerging antibiotic resistance,
as demonstrated in this investigation. Most clinical laboratories are unable to detect
carbapenemase production among CRAB as there is no reliable phenotypic test to detect
carbapenemase production in Acinetobacter spp.®, and few clinical laboratories have the
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capacity for molecular detection of carbapenemases.’ In 2016, CDC established the AR
Laboratory Network to support nationwide capacity to rapidly detect antibiotic resistance
mechanisms using advanced diagnostics.® The AR Laboratory Network provides testing
supplies and financial support for specimen collection and shipment.

This case illustrates the resources available through the AR Laboratory Network to detect
emerging resistance and facilitate a public health response. Prior to the confirmation of
OXA-23-producing CRAB from the donor, the regional AR Laboratory was working closely
with the healthcare facility and CDPH to routinely test clinical isolates for OXA-23 during
the CRAB outbreak investigation in order to inform response and infection prevention
strategies. As a result of this collaboration, effective communication had been established
between the healthcare facility, CDPH, and the AR Laboratory Network, which provided

an important framework for sharing information. Once the patient was identified as part

of the outbreak, the healthcare facility quickly notified CDPH regarding his status as an
organ donor. CDPH promptly notified CDC for assistance and CDC coordinated with the
Massachusetts Department of Public Health and the Organ Procurement and Transplantation
Network (OPTN) to identify recipient facilities and to retrieve isolates from the recipients
for further testing. All isolates from the donor and lung recipient were tested at the same AR
Laboratory Network regional laboratory.

WGS was essential to confirm transmission of OXA-23-producing CRAB. Despite a close
epidemiologic link, PFGE patterns from the recipien’s isolates differed from the donor
isolate by 4-5 bands, suggesting that the donor and recipient isolates were less likely to

be genetically related.® In contrast, WGS analysis indicated that the donor and recipien’s
isolates were closely related, varying by <5 SNPs, which supported the epidemiologic
hypothesis of donor-derived CRAB. Previous analyses have shown that the band-based
techniques used in PFGE to assess relatedness of A baumanniiisolates may be less sensitive
than WGS 1011

Donor-derived infections caused by MDROs transmitted during transplantation have been
reported!? and may become more common. The risk of MDRO transmission is increased

if there is an infection or colonization of the transplanted organ.12 The OPTN policy
requires Organ Procurement Organizations and transplant hospitals to report suspected
donor-derived transmissions to either the OPTN Patient Safety Portal or the transplant
hospital’s Patient Safety Contact.13 However, even when an infection is not suspected to be
donor-derived, it must be reported if that pathogen is listed on the OPTN list of Pathogens of
Special Interest.14 The addition of carbapenemase-producing organisms to this list is under
consideration. Establishing a standard method to share information regarding emerging
and high-concern multidrug resistance among facilities would inform appropriate infection
prevention measures to prevent the spread of MDROs within the recipien’s healthcare
facility and optimize testing and treatment for recipients.

This investigation highlights how transplantation can introduce MDROs into different
healthcare facilities and regions. Donor culture results should be promptly shared with
recipient healthcare centers in order to enable implementation of infection control measures
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to prevent spread within the recipients’ healthcare facilities and to inform treatment of
clinical infections.

5| DISCLAIMER

The findings and conclusions in the manuscript are those of the authors and do not
necessarily represent the official views of the US Centers for Disease Control and Prevention
or the Department of Health and Human Services.
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FIGURE 1.
Phenotypic and genetic characterization of Acinetobacter baumanniiisolates using PFGE

and WGS. A. Pulsed-field gel electrophoresis (PFGE) of donor (D) and recipient (R-1 and
R-2) isolates. The recipient isolates PFGE patterns differ from the PFGE pattern seen in the
donor isolate by 5 and 4 bands B. SNP matrix. Isolates are 1-4 SNPs different from each
other. C. Antimicrobial resistance (AR) phenotypes and resistance genes identified. Unlike
the D and R-1 isolates, R-2 was resistant to all antimicrobials tested, including colistin

and polymyxin B. AR gene profiles were identical between all three isolates (% coverage/
% identity). FEP, cefepime; CTX, cefotaxime; CAZ, ceftazidime; DOR, doripenem; IMP,
imipenem; MEM, meropenem; GEN, gentamicin; TOB, tobramycin; AMK, amikacin; DOX,
doxycycline; MIN, minocycline; SXT, trimethoprim-sulfamethoxazole; CIP, ciprofloxacin;
LVX, levofloxacin; CST, colistin; PMB, polymyxin B
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