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Abstract

Background: Antibiotic-resistant Acinetobacter species are a growing public health threat, yet 

are not nationally notifiable, and most states do not mandate reporting. Additionally, there are no 

standardized methods to detect Acinetobacter species colonization.

Methods: An outbreak of carbapenem-resistant Acinetobacter baumannii (CRAB) was identified 

at a Utah ventilator unit in a skilled nursing facility. An investigation was conducted to identify 

transmission modes in order to control spread of CRAB. Culture-based methods were used to 

identify patient colonization and environmental contamination in the facility.

Results: Of the 47 patients screened, OXA-23-producing CRAB were detected in 10 patients 

(21%), with 7 patients (15%) having been transferred from out-of-state facilities. Of patients who 

screened positive, 60% did not exhibit any signs or symptoms of active infection by chart review. 

A total of 38 environmental samples were collected and CRAB was recovered from 37% of those 

samples. Whole genome sequencing analyses of patient and environmental isolates suggested 

repeated CRAB introduction into the facility and highlighted the role of shared equipment in 

transmission.

Conclusions: The investigation demonstrated this ventilated skilled nursing facility was 

an important reservoir for CRAB in the community and highlights the need for improved 

surveillance, strengthened infection control and inter-facility communication within and across 

states.
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BACKGROUND

Acinetobacter species (spp.) are ubiquitous in the environment and are a common source 

of health care-associated infections.1 These organisms are capable of surviving in dry 

environments for extended periods of up to 5 months, making them particularly difficult 

to eliminate in health care settings.2 In addition, Acinetobacter spp. are effective at acquiring 

genetic material from other organisms, allowing them to quickly develop resistance to 

antibiotics and reducing their susceptibility to cleaning and disinfecting agents.3,4

The emergence and spread of multidrug-resistant organisms (MDROs), such as carbapenem-

resistant Acinetobacter baumannii (CRAB) is a major public health threat.5–7 Mortality 

rates of 55% for patients with CRAB bacteremia have been reported.8,9 Acinetobacter 
spp. are opportunistic pathogens and can colonize various body sites (eg, skin, respiratory 

and urinary tracts) and cause disease in susceptible hosts.10 Risk factors for Acinetobacter 
infection include mechanical ventilation, wound care, recent surgery, or trauma, indwelling 

medical devices, extended hospital stays, extensive antimicrobial treatment, and other 

underlying medical conditions.11–13

CRAB typically possess a carbapenemase of the OXA family of β-lactamases.14 Within 

this group of carbapenemase and/or β-lactamases genes, OXA-23 is one of the most 

frequently encountered worldwide and in the United States.15 OXA-23 transposition 

to conjugative plasmids has been documented16, and is concerning from an infection 

control perspective because this facilitates transmission of carbapenem resistance to other 

organisms. The combination of this transmissibility, environmental persistence, and high 

antibiotic resistance make this an important concern for health care settings.

This investigation was conducted in response to an outbreak at a long-term care facility in 

Utah. CRAB is an increasing problem in health care facilities worldwide and is considered 

an urgent threat,17 but is not a nationally notifiable condition in the United States. CRAB is 

reportable in Utah, but most states do not mandate reporting nor provide characterization of 

OXA genes by polymerase chain reaction or whole genome sequencing (WGS) through their 

public health laboratories.15 Only 1 state neighboring Utah mandated reporting of CRAB at 

the time of this outbreak. In addition, specific OXA carbapenemases in CRAB may not be 

detected or characterized by commercial polymerase chain reaction assays used in clinical 

laboratories.18 Lack of reporting and laboratory testing make it difficult to characterize 

the molecular epidemiology of OXA- carbapenemases. This investigation aimed to identify 

transmission modes in order to control spread of CRAB within and between facilities.
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METHODS

Background

In February 2018, the Utah Department of Health (UDOH) identified patient 1, residing 

in a long-term care facility with a ventilator unit (vSNF, facility A). Patient 1 was 

diagnosed with 2 highly-resistant bacterial infections: a Klebsiella pneumoniae with a 

Klebsiella pneumoniae carbapenemase gene, and a CRAB. Nine patients were screened for 

carbapenemase-producing carbapenem-resistant Enterobacteriaceae at this time, and all were 

negative; CRAB colonization was not assessed. Patient 1 died in May 2018. By July 2018, 

UDOH identified 3 additional patients (patients 3, 4, and 5) at facility A with CRAB through 

routine surveillance. Patient 2 died in February 2018 and was identified posthumously 

through retrospective surveillance. UDOH and facility A initiated an investigation in August 

2018.

Antibiotic susceptibility testing

Antimicrobial susceptibility testing was performed by broth microdilution following Clinical 

and Laboratory Standards Institute guidelines and breakpoints. Patient 1 was tested at the 

Centers for Disease Control and Prevention (CDC) and patients 2–5 at the Utah Public 

Health Laboratory using the Sensititre GNX2F panels (Thermo-Fisher Scientific).

WGS and bioinformatic analyses

WGS and bioinformatic analyses were performed as described by Oakeson et al.19,20 To 

detect the presence of antimicrobial resistance genes, de novo genome assemblies for 

each isolate were generated and searched against the National Center for Biotechnology 

Information’s Bacterial Antimicrobial Resistance Reference Gene Database using ABRicate 

(https://github.com/tseemann/abricate).

Case definitions

For the purpose of this investigation, confirmed cases were defined as any patient 

admitted to facility A with any infection or colonization with CRAB carrying an OXA-23 

carbapenemase gene identified through WGS. Suspect cases were defined as any patient ever 

admitted to facility A with an Acinetobacter spp. infection or colonization not tested for the 

presence of an OXA-23 gene regardless of resistance profile.

Patient and environmental selection criteria for colonization screening

The investigation followed the CDC-recommended surveillance approach focusing on the 

highest risk patients in the first round of screening.21 Patients were considered high risk 

if they met any of the following criteria between February and August 2018: had any 

Acinetobacter spp. positive culture; resided in the high acuity unit (Hall A) for patients with 

complex health care needs; received respiratory care or mechanical ventilation; received any 

wound care; or transferred from an out-of-state facility to facility A. The environmental 

investigation focused on shared equipment and high-touch surfaces, including physical 

therapy equipment, nursing carts containing wound care equipment, respiratory therapy 

Smith et al. Page 3

Am J Infect Control. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://github.com/tseemann/abricate


equipment, vital signs monitoring equipment, computer equipment, mechanical ventilators, 

and bed rails.

Patient and environmental sampling and testing

The investigation team developed a strategy for patient colonization screening for CRAB 

based on a literature review. This strategy focused on the collection of oropharyngeal, 

sputum, wound, and intact skin samples from the axilla and groin. Literature indicated 

that sponge collection results in higher recovery of CRAB when compared to conventional 

swabs22,23; therefore, intact skin in the axilla and groin region were sampled using a foam 

sponge collection device, EnviroMax Plus (Puritan). An Amies medium-based nylon swab 

system (eSwab, Copan) was used for oropharyngeal and wound specimens. If a patient 

had multiple wounds, the worst wound, was sampled. Sputum and/or tracheal aspirate from 

patients on a ventilator or with a tracheostomy site were also collected.

Patient samples were either plated directly on CHROMAgar Acinetobacter plates containing 

a proprietary β-lactam-supplement (for sputum samples and tracheal aspirates) or after an 

overnight enrichment step in tryptic soy broth (for intact skin, wound and oropharyngeal 

samples). Presumptive CRAB colonies from the plates were identified by matrix-assisted 

laser desorption ionization-time of flight mass spectrometry.

Environmental sampling was performed using EnviroMax Plus swabs with enrichment in 

water peptone. The environmental samples were processed the same as the patient samples, 

following the enrichment step.

Infection control observations

A CDC-recommended infection control assessment and response (ICAR) tool was used 

to assess infection control in the following areas: infection control infrastructure; hand 

hygiene; personal protective equipment (PPE); environmental cleaning; disease surveillance 

and reporting; and antibiotic stewardship. Investigators also performed infection control 

observations throughout facility A. Hand hygiene and PPE use observations were performed 

using CDC observation tools to quantify the proportion of appropriate hand hygiene 

and PPE use compared to total opportunities observed. Investigators observed a terminal 

cleaning of a patient room, including cleaning product choice, correct use of products, and 

adherence to documented cleaning protocols.

Patient data management and analysis

A form adapted from the CDC health care-associated infection outbreak investigation 

abstraction form was used to abstract patients’ clinical histories from the electronic health 

record system.24 Relevant out-of-state patient reports were obtained from respective state 

health departments. Information collected included: demographics; facility history; ward and 

room history; current precautions and status; types of services and devices; antimicrobial 

therapy; bacterial cultures and symptoms of infection since February 1, 2018.
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Patient flow network analysis

Patient facility history, obtained from chart abstractions, was used to conduct patient flow 

network analysis. Network analysis was performed and plotted using the igraph (https://

igraph.org.) package in R v3.4.3 (R Core Team, Vienna, Austria). The layout generator was 

based on Large Graph Layout (http://lgl.sourceforge.net/).

Ethical concerns

This investigation was conducted under the authority of Utah Communicable Disease 

Control Act (Utah Code 26–6) to investigate and control communicable diseases and 

epidemic infections which may affect the public. The investigation also received CDC 

human subject review (HSR #2018–00189) and was determined to not constitute human 

subjects research. Facility nursing staff obtained written informed consent for patients 

providing specimens. Guardians provided assent for patients unable to consent.

RESULTS

Investigation of the initial cluster

Five patients formed the initial cluster that prompted this investigation. Patients 1, 2, and 3 

died before the investigation began, and patient 4 died in October 2018 (Fig 1).

The characteristics of these patients are described in Table 1. The rooms of patients 1, 2, 3, 

and 4 were in Hall A, and patient 5 resided in Hall B. Patient 3 occupied patient 1’s former 

room, and patient 4 occupied patient 2’s former room. Patients 1, 2, and 3 had received 

respiratory care and were on ventilators.

The antibiotic susceptibility patterns of isolates from patients 1–5 indicated high level 

resistance to multiple classes of antibiotics (Supplementary Appendix A). All of the 

initial cluster patient isolates were resistant to all of the carbapenems tested (meropenem, 

doripenem, and imipenem) and most of them displayed nonsusceptibility to other b-lactam 

antibiotics. All isolates were also resistant to fluoroquinolones and trimethoprim and/or 

sulfamethoxazole. Resistance to aminoglycosides and tetracyclines was also prevalent. 

Colistin was the only antibiotic to which all the isolates were susceptible. Overall, there 

were few appropriate antibiotic treatment options.

WGS revealed that isolates from the initial 5 patients clustered into 2 groups: patients 

1, 3, and 4 grouped together, and patients 2 and 5 were closely related to each other 

(Supplementary Appendix B). WGS analysis also revealed that all isolates carried identical 

copies of an OXA-23 carbapenemase gene.

Characteristics of patients screened for colonization

Based on colonization screening selection criteria, 47 patients were identified for sampling. 

Investigators collected samples from: skin (47); wound (9); oropharyngeal (40) and tracheal 

aspirate (4). Twenty-one percent of patients (10 of 47) had at least 1 positive CRAB sample, 

with 30% (3 of 10) having multiple positive sites. CRAB with an OXA-23 gene was isolated 
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from 21% (10 of 47) of skin, 25% (1 of 4) of tracheal aspirate, 33% (3 of 9) of wound, and 

0% (0 of 40) oropharyngeal samples.

Descriptive analysis revealed important demographic differences between patients that 

screened positive compared to patients that screened negative (Table 1): more were male 

(60% vs 38%); more were < 65 years of age (50% vs 27%); more were currently residing or 

had previously resided in Hall A (50% vs 14%); more had been transferred from out-of-state 

facilities (30% vs 11%); and fewer had been admitted to facility A in the last 6 months (20% 

vs 35%).

A higher proportion of patients who screened positive for CRAB with an OXA-23 gene 

had received high-risk clinical service(s) since the beginning of February 2018, including 

wound care, ventilator care, respiratory therapy, physical therapy, invasive device-use, and 

antimicrobial therapy compared to those that screened negative (Table 1). Sixty percent of 

patients (6 of 10) who screened positive did not exhibit any signs or symptoms of active 

infection by chart review.

Environmental sampling results

A total of 38 environmental samples were collected throughout facility A, and CRAB was 

recovered from 37% of those samples (14 of 38). Positive sites included: handrails; physical 

therapy equipment shared between patient rooms and in the physical therapy gym; nursing 

carts containing wound or respiratory equipment; patient lifts; storage room; patient rooms; 

family room TV remote and coffee table (Fig 2). The positive samples collected from Hall 

A were identified in shared areas, from shared equipment, from a ventilator in a positive 

patient’s room. The positive samples in Hall B were collected in or around patient 5’s 

room. No positive environmental samples were identified from rooms previously occupied 

by initial cluster patients, following a terminal clean.

WGS results of colonization screening and environmental isolates

WGS analysis showed that CRAB isolates obtained from the colonization screening and 

environmental sampling harbored identical OXA-23 genes. Phylogenetic analysis revealed 

isolates clustered in 3 distinct and well-supported clades (Appendix B). Clades were 

labeled based on the number of isolates in each clade with clade I isolates being the most 

abundant with 12 clinical isolates and 9 environmental isolates, followed by clade II with 

7 clinical isolates and 6 environmental isolates, then clade III with 3 clinical isolates and 

2 environmental isolates. Patients 1 and 3 were colonized with clade II isolates. Patient 2 

was colonized with a clade I isolate. Patient 5 was colonized with both clade I and clade 

II isolates, and Patient 4 with both clade II and clade III isolates. Environmental samples 

positive for OXA-23 CRAB were isolated from shared equipment and common areas, such 

as the physical therapy room (Fig 2). In Hall B, clade I and clade II environmental isolates 

were detected in the room of Patient 5 consistently with their colonization status. Also, 

in Hall A, 2 clade III environmental isolates recovered near Patient 4’s room matched the 

colonization status of the patient.
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Infection control observations

The ICAR identified significant infection control gaps in communication, isolation 

precautions, terminal cleaning, antibiotic stewardship, patient transport, hand hygiene, and 

PPE use. Table 2 shows an overview of infection control gaps identified and remediation 

recommendations.

Patients transferred from facilities (in-state and out-of-state) lacked appropriate 

documentation of MDRO status. Three of the 5 patients in the initial cluster had a history 

of CRAB upon admission identified through out-of-state medical records (Fig 1); however, 

the facility was not aware of this history and, therefore, did not implement the appropriate 

isolation protocols. The facility lacked a formal quantitative metric for monitoring hand 

hygiene and PPE use. Infection control observations found approximately 40% compliance 

with hand hygiene. Some staff were observed entering isolation rooms without wearing 

indicated PPE but, other staff had infection control awareness and oriented others to 

protocol.

Gaps identified in the terminal cleaning of equipment and patient rooms included: confusion 

over the use of multiple cleaning products with different dry times; unclear delineation of 

cleaning responsibilities between medical and housekeeping staff; lack of dedicated patient 

equipment (eg, slings for patient lifts); and lack of documentation of shared equipment 

cleaning. Lastly, the ICAR revealed gaps in antibiotic stewardship including: inappropriate 

use of some antibiotics; lack of a formal stewardship plan; and inconsistent charting of 

antibiotic prescription, use, and dosage.

Network analysis

Network analysis demonstrated that initial cluster patients not screened (n = 3) and patients 

screened for colonization (n = 47) were highly mobile with frequent transfer between long-

term care and acute-care facilities (Fig 3). Based on chart review, the majority of transfers 

occurred between the facility and the closest acute care hospital. Additionally, 18% (10 of 

51) of patients were transferred to the facility from another state; 33% (17 of 51) of patients 

had not been transferred nor had any record of prior transfer.

DISCUSSION

The investigation helped to build a clearer picture of patients most at risk for CRAB 

colonization in this setting. Patients who screened positive for carbapenemase-producing 

carbapenem-resistant Acinetobacter baumannii were more likely to have prior antimicrobial 

use, invasive device use, wound care, and ventilator care compared to those that screened 

negative. These risk factors are often associated with high-acuity patients normally seen in 

intensive care settings and these findings are consistent with reports of CRAB outbreaks 

elsewhere.11–13,25 There was wide-spread CRAB contamination and colonization in facility 

A that was not localized to a specific hall or patient room. The 3 clades identified by WGS 

suggest a multi-source outbreak with multiple introductions and modes of transmission 

rather than a traditional point-source outbreak (Fig 3). Notably, of the 5 initial patients, 3 

had: been transferred from out-of-state; previous documentation of CRAB prior to transfer; a 
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clinical culture or were colonized with a clade II isolate. These findings suggest a common 

“out-of-state” introduction route for clade II. The current data cannot determine whether 

the presence of OXA-23 genes observed in all clades involves lateral gene transfer events, 

neither is it possible to determine whether all patients were colonized prior to admission or 

whether they acquired CRAB at the facility.

Infection control gaps identified in this investigation (Table 2) were consistent with those 

identified in other CRAB outbreaks.26–29 Poor hand hygiene and inadequate environmental 

cleaning likely led to the widespread dissemination of CRAB in the facility as evidenced 

by the environmental sampling results. In this resource-limited setting, prioritization of 

recommendations into a condensed intervention bundle was necessary for successful 

containment.21,29–32 Immediate recommendations included: training and auditing of hand 

hygiene; and PPE use; limiting access to the high-acuity unit; and improved cleaning of 

high-risk areas and shared patient equipment. Failure in communication of patient infectious 

status during transfers was another significant gap identified. Because MDRO status was 

not communicated to facility A upon transfer, appropriate infection control precautions were 

not implemented for these patients upon arrival. Literature shows failures in communication 

during patient transfer is a likely a contributor to transmission in MDRO outbreaks, and 

active admission screening may reduce transmission, save lives, and lower costs.33–35 

Therefore, we recommended admission cultures for incoming patients transferred from 

another vSNF or from out-of-state, or patients on mechanical ventilation or receiving wound 

care, to ensure appropriate infection control measures were implemented.36

This investigation demonstrated facility A was an important reservoir for CRAB in the 

community and highlights the need for improved surveillance, strengthened infection control 

practices and inter-facility communication within and across states. The patient transfer 

patterns highlighted in the network analysis (Fig 3) suggest facility A remains a potential 

reservoir for the surrounding area and necessitates a coordinated regional containment 

approach amongst facilities sharing patients. Implementation of regional containment 

strategies that involve all health care facilities sharing patients (acute care, LTACs, and long-

term care) has been shown to be more effective than single facility containment activities in 

reducing MDRO transmission.24

Successful control of previous CRAB outbreaks has been demonstrated in an intensive 

care unit (ICU) setting using an aggressive multi-modal package of infection control 

interventions, including; admission and weekly colonization screening and single-room 

occupancy for infected and colonized patients.26–29 Following Health care Infection 

Control Practices Advisory Committee guidelines we recommended a similar, multi-faceted 

intervention bundle to control this outbreak.21 Facility A, similar to other vSNFs, indicated 

resource restraints compared to acute care facilities in terms of, higher patient-to-nurse ratio, 

infection prevention staff having competing responsibilities, and limitations in dedicated 

equipment and existing building infrastructure (shared rooms and heating, ventilation, 

and air conditioning [HVAC]). Therefore, aggressive infection control tactics commonly 

implemented in ICU settings were not generally feasible in Facility A, necessitating 

prioritization of infection control recommendations. Additionally, because the patient 

population in the high-acuity vSNF setting is similar to those seen in ICUs, containment 
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strategies should be modeled after infection control practices in ICU settings, while also 

balancing patient quality of life and available resources.

This study describes a point-prevalence analysis of CRAB colonization in a vSNF. Results 

are from a one-time screen; to get a more complete picture of true CRAB burden in this 

investigation, multiple screens are warranted to assess efficacy of recommended control 

interventions. Though we were able to get consent and/or assent for all patients selected for 

sampling, not all patients in the facility were screened. As such, the extent of colonization at 

Facility A and certain risk factors may have been underestimated. While literature suggests 

that buccal and/or pharyngeal is a high-yield site for Acinetobacter recovery,22,23 detection 

of CRAB from this site was likely reduced because of swab collection coinciding with 

resident breakfast. Generalization of risk factors is difficult in this study because only high-

risk patients were sampled. Despite limitations, the infection control findings are relevant for 

other health care facilities, specifically long-term care settings.

CONCLUSIONS

The results of this investigation suggest that vSNFs may serve as a reservoir of highly 

resistant pathogens. Containment in this resource-restrained setting requires an aggressive 

multi-faceted infection control approach that will address the multiple gaps that have 

contributed to the outbreak. Resources should be prioritized to enhance basic infection 

control practices such as: hand hygiene and PPE use; surveillance; environmental cleaning, 

and communication between providers. An understanding of patient transfer patterns and 

increased surveillance and reporting of CRAB throughout the United States, and a regional 

approach focusing on inter-facility connections would improve regional containment efforts.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. 
Investigation timeline of a carbapenem-resistant Acinetobacter baumannii (CRAB) outbreak 

at a long-term care facility, Utah—2018. CRAB: carbapenem-resistant Acinetobacter 
baumannii; CRE: carbapenem-resistant Enterobacteriaceae; KPC: Klebsiella pneumoniae 

carbapenemase; vSNF: ventilated skilled nursing facility; Pan-R: pan-resistant.
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Fig 2. 
Map of environmental and patient samples with carbapenem-resistant Acinetobacter 
baumannii (CRAB) with an OXA-23 gene during an outbreak at a long-term care facility, 

Utah—August 2018. PT: physical therapy.
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Fig 3. 
Network analysis of patient transfers between long-term, acute care, in-state, and out-of-

state facilities. Facility state is represented by color and facility type is represented by shape. 

The central square is facility A. Line thickness represents the frequency of transfers between 

facilities; the thicker the line the greater the number of transfers.
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