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Key words:
 Background: A carbapenem-resistant Acinetobacter baumannii outbreak in the COVID intensive care unit of a
community hospital was contained using multidrug resistant organism guidelines. The purpose of this study
is to report on an outbreak investigation and containment strategy that was used, and to discuss prevention
strategy.
Methods: A multidisciplinary approach contained the spread of infection. Strategies implemented included
consultation with experts, screening, and reversal of personal protective equipment conservation. Ensuring
infection control best practices are maintained remain important efforts to reduce the spread of multidrug
resistant organisms.
Results: Five patients with carbapenem-resistant Acinetobacter baumannii were identified from routine clini-
cal cultures within one week and one patient was identified from active surveillance cultures.
Discussion: Personal protective equipment conservation, strategies to prevent health care personnel expo-
sure, and patient surge staffing protocols may have increased the likelihood of multidrug resistant organism
transmission. Environmental and behavioral infection control regulations with effective administrative guid-
ance, active surveillance cultures, and antimicrobial stewardship are critical to prevent future outbreaks.
Conclusions: After outbreak containment strategies were implemented, no additional patients were identi-
fied with carbapenem-resistant Acinetobacter baumannii. Conventional infection prevention and control
strategies were re-instituted. A multidisciplinary approach with continued focus on hand hygiene, environ-
mental cleaning, and correct use of personal protective equipment needs to be put in place to successfully
contain and prevent the spread of carbapenem resistant infections.
© 2022 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
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BACKGROUND

The COVID-19 pandemic brought many challenges with regard to
standard infection prevention practices and the proliferation of multi-
drug resistant organisms (MDROs).1,2 Several outbreaks of MDROs
within COVID units have been described in the literature.3 During the
first few months of the pandemic, personal protective equipment
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(PPE) availability worldwide was limited and the infection prevention
practices were adjusted in order to maintain the access to PPE neces-
sary for patient care. As a result of the acute need for PPE in health care
and in the general population, the markets were depleted of the prod-
ucts necessary to protect health care workers from COVID-19 and other
potential infectious diseases.4 The Centers for Disease and Control and
Prevention (CDC) recommended strategies for conserving and optimiz-
ing PPE supply due to the shortage and strategies to extend and reuse
PPE were published and advised to the health care industry.5−7 CDC,
Agency for Healthcare Administration (AHCA) and Centers for Medi-
care and Medicaid (CMS) guidelines for infection control were imple-
mented at all times throughout the pandemic.

Acinetobacter baumannii is a gram-negative, strictly aerobic, non-
fastidious, non-fermenting, catalase-positive, oxidase-negative
opportunistic pathogen that is a challenging nosocomial organism
that is considered an emerging public health threat.8 A. baumannii
may cause serious infections including nosocomial pneumonia,
bloodstream infections, wound infections, urinary tract infections,
and meningitis.8,9 Carbapenem resistant Acinetobacter baumannii
(CRAB) is listed as an “urgent threat” antibiotic resistant pathogen
along with Candida auris, Clostridioides difficile, carbapenem resistant
Enterobacteriaceae (CRE), and drug resistant Neisseria gonorrhoeae.10

The threat level was escalated to “urgent” from “serious” in 2019
because of its ability to acquire resistance determinants and the lack
of current treatment options.10,11 In 2017, 8,500 infections, 700
deaths, and 281 million dollars of health care costs were attributed to
CRAB10. Along with antibiotic resistance, the ability of A. baumannii
to survive for prolonged periods in a hospital environment further
potentiates nosocomial spread particularly in intensive care units
(ICU) and long-term care facilities.12,13 The spread of infection can
also be facilitated by healthcare personnel who are at increased risk
of becoming contaminated with CRAB through contact transmis-
sion.14 The majority of patients who develop nosocomial CRAB infec-
tion have been exposed to a healthcare facility and have an
indwelling device.9 In this study, we report a detailed investigation of
a CRAB outbreak in the COVID ICU of a community hospital. We will
discuss successful containment strategies that were utilized during
the outbreak as well as best practices to prevent future outbreaks.
METHODS

The community hospital is a 176-bed acute care facility with an 18
bed ICU compromised of all private rooms with a centralized nursing
station, medication room, and nutrition room. CRAB had not been
previously identified in this ICU in the years leading up to the out-
break and it has not been identified since the containment strategies
were implemented (Table 1). During the pandemic, the ICU was being
used for critical care level COVID positive patients. Identification of an
index patient with carbapenem resistant A. baumanii in the COVID
ICU in November 2020 prompted an outbreak investigation and
mounted an immediate containment response. Upon identification of
further patients, the outbreak management was expanded.
Table 1
Incidence rates of all site MDR-Acinetobacter baumannii in the ICU at the community
hospital, 2019-2021

Year Number of patients Rate per 1,000 patient days

2018 0 0
2019 0 0
2020 6 1.66
2021 0 0
Cohorting and isolation

The response began with immediate closure to new admissions or
transfers as well as cohorting of all exposed patients in the unit. Entry
points were restricted in the ICU and staff entry was limited including
consulting physicians utilizing telehealth. Positive CRAB patients
were placed on a designated wing with dedicated nursing and respi-
ratory staff. All patients that had been transferred out of the COVID
ICU were maintained on contact transmission based precautions as
well as airborne isolation due to their COVID diagnosis. The remain-
ing patients in the ICU were considered potentially exposed and
were moved to clean rooms but remained in the ICU until active sur-
veillance cultures (ASC) resulted. CRAB patients were placed on a
new, expanded, enhanced contact and airborne transmission based
precautions which included isolation gowns, gloves, respirators, and
eye protection. Gown conservation strategies that had been imple-
mented due to anticipated PPE shortages caused by COVID-19 were
immediately reversed. This change now required isolation gowns
and gloves to be discarded after each patient encounter according to
pre-pandemic conventional infection prevention and control practi-
ces.

Active surveillance cultures

Following the identification of multiple patients with CRAB in the
ICU, containment began with planning point prevalence screenings
using active surveillance cultures (ASC) on the remaining patients in
the unit. Upon conducting a literature review it was determined that
the best body site for screening for A. baumanii had not been well
documented.15 After consulting with the hospital microbiology
department, the infection prevention team determined that the best
immediate action was to collect throat swabs from all patients within
the COVID ICU. Since the initial positive clinical specimen had been a
sputum culture from a ventilated patient in the COVID ICU ward, it
was thought that shared respiratory therapy practices within the
ward may have been the source of transmission. Non-invasive groin
and axillae screening had been described in the literature and was
additionally performed after consultation with the local and state
Department of Health and CDC experts in order to identify additional
cases.16 While the most conclusive site of A. baumannii active surveil-
lance screening has not been determined due to the low yield of sin-
gle site collections, our study used 2 different sites of both axillae and
groin to assess for potential colonization.16,17 Two sites were agreed
upon by the multidisciplinary team due to pandemic surge con-
straints in the laboratory.

Screening for new cases through ASC was performed on all
patients in the unit as well as 2 additional hospital units that had
received patient transfers before the COVID ICU was closed. Nurses
were given specific instructions when collecting swab cultures,
requiring 5 passes of the swab in each body location moving from
axillae to groin. The initial point prevalence testing (PP#1) was multi-
faceted; initially throat swabs were collected on all patients in the
COVID ICU as well as 2 patients that had been moved to the COVID
telemetry ward (n = 19). One colonized patient was identified in the
COVID-ICU. The following day, after consultation with the state, addi-
tional swabs of the axillae and groin were collected on the patients
within the COVID ICU as well as non-COVID ICU (n = 28) that shared
respiratory, nursing and intensivist staff. A second point prevalence
survey (PP#2) was conducted 2 weeks later with sputum cultures
collected on all ventilated patients within both the COVID ICU and
non-COVID ICU as well as axillae and groin swabs collected on all
patients within both wards (n = 22). One additional patient was iden-
tified with colonization from ASC, however, it was determined that



P. Eckardt et al. / American Journal of Infection Control 50 (2022) 477−481 479
this patient was not part of the outbreak due to differences in resis-
tance patterns. Each week thereafter the third (PP#3, n = 23) and
fourth (PP#4, n = 16) point prevalence surveys were conducted on all
patients within the COVID ICU and non-COVID ICU by collecting axil-
lae and groin swabs. No additional patients were identified. A follow-
up conference call was conducted with CDC experts and it was deter-
mined by expert consensus that 2 negative point prevalence surveys
were sufficient evidence to stop conducting ASC and to monitor clini-
cal specimens closely for 3 months. No environmental cultures were
collected since fomite transmission was not suspected after 2 point
prevalence surveys were conducted with no additional cases identi-
fied indicating that there was no cross transmission within the unit
and the outbreak had been contained.

Laboratory

For each patient, a single BD BBL CultureSwab Plus (Becton Dickin-
son, Sparks, MD) swab was used to culture the axillae and the groin
bilaterally, in that order. The specimens were inoculated within
1 hour of receipt in the Microbiology Laboratory to trypticase soy
agar with 5% sheep blood (BAP), chocolate agar (CHOC), Columbia
CNA agar (CNA), and MacConkey agar (MAC) plates (Becton Dickin-
son) and were incubated for 18-24 hours at 35°C in 5% CO2. Culture
plates were examined daily for 48 hours for colonies of growth meet-
ing the morphologic criteria consistent with the genus Acinetobacter,
and suspect colonies were identified to the species level by use of
MALDI-TOF mass spectrometry (bioMerieux, Hazelwood, MO). Anti-
microbial susceptibility testing was performed on all isolates identi-
fied as A. baumannii complex using the Vitek 2 (bioMerieux,
Hazelwood, MO). A. baumannii isolates that were defined as carbape-
nem resistant were further tested in-house against minocycline and
amikacin (Kirby Bauer), and ceftazidime/avibactam (ETEST), and sub-
mitted to ARUP Reference Laboratory (500 Chipeta Way, Salt Lake
City, UT) for susceptibility testing against polymycin B and cefidericol.
The isolates were also sent to the Tennessee Department of Health for
confirmation of organism identification, and molecular testing of
resistance genes KPC, NDM, OXA-48, VIM, IMP, OXA-42/40-like, OXA-
58-like, and OXA-23-like. All isolates submitted were identified as
having the molecular type OXA-23-like gene detected.

Environment of care

A. baumanni has been known to survive on surfaces for months.18

Medical equipment was dedicated to the positive CRAB cohort and
included an X-ray machine, respiratory equipment, continuous renal
replacement therapy (CRRT) machines, computer workstations on
wheels (WOWs) and glucometers. Movement of all equipment was
limited in and out of the COVID ICU and the need to clean all equip-
ment between every patient was emphasized. In order to ensure all
high touch surfaces were manually disinfected multiple times per
day, dedicated environmental services (EVS) technicians were
assigned to the entire unit for 24/7 coverage for the duration of the
outbreak. Additional trash cans were placed in the unit to prevent
PPE overflow and cross-contamination. EVS completed terminal
cleaning of each room 3 times with manual cleaning and electrostatic
spraying of a hypochlorite solution. Additionally, EVS added the use
of a quaternary ammonia disinfectant on floors. Manual cleaning was
monitored using fluorescent markers and direct observation. Vapor-
ized hydrogen peroxide was utilized as a final terminal cleaning
method in all of the ICU patient rooms.

Patient care

Patient care interventions included increasing daily chlorhexidine
gluconate (CHG) bathing on all ICU patients to twice daily for patient
decolonization. The respiratory therapists changed the ventilator cir-
cuits, tubing, suction and canister daily. Medication preparation prac-
tices that had been performed outside the patient room were moved
back inside the room at the bedside on a clean bedside table. Equip-
ment that had been externalized was moved back inside the patient
room and all supplies stored around the sinks were removed due to
potential contamination risk.
Education

Healthcare worker transmission of COVID was a main focus of
education. Double gloving and gown conservation were thought to
have been practiced for convenience and due to health care workers'
fear of acquring COVID. Hand hygiene, PPE, and equipment disinfec-
tion educational rounds were completed by Infection Control. Con-
siderable focus was placed on appropriate glove use, necessary use of
alcohol based hand rub as well as soap and water hand washing
between patient care tasks. Huddles and rounding were conducted,
emphasizing the need to disinfect shared equipment. Targeted edu-
cation on the proper use, donning and doffing of PPE was completed
by Infection Control. Monitoring was conducted during daily round-
ing with real time coaching and feedback by Infection Control, Qual-
ity, Nurse Manager, Respiratory Manager, and Clinical Managers to
ensure containment strategies were being practiced across all shifts.
Daily huddles on MDRO transmission and prevention strategies were
conducted with the COVID-19 ICU team and all ancillary departments
were educated on outbreak protocols in place. The leadership team
was debriefed multiple times during the outbreak and daily during
morning leadership huddles to keep the entire hospital abreast of
issues identified and potential needs. Infection Control collaborated
with the Florida Department of Health Hospital Acquired Infection
(HAI) Program and CDC experts to review and approve the outbreak
action plan.
RESULTS

Outbreak investigation

The Manager of Infection Control identified patients on a line list-
ing (Table 2) and an epidemic curve through clinical cultures and ASC
(Fig 1). All patients had been mechanically ventilated. The first case
of CRAB was identified in a clinical sputum culture of a ventilated
COVID patient on November 22, 2020 nine days after the patient was
admitted to the hospital and the COVID ICU. Within the next 4 days,
4 more patients were identified with clinical cultures growing the
same organism with very similar resistance patterns. The second
patient had been admitted for 3 days and grew positive blood and
sputum cultures with CRAB. A third patient was soon identified with
positive CRAB blood cultures. Both the second and third patients
were acutely ill with COVID-19, acquired bloodstream infections
with CRAB, and expired within 3 days of the positive cultures. A
fourth patient was a non-COVID-19 patient that happened to be
located in the COVID ICU due to acuity of illness. This patient’s CRAB
source was in the urine and then subsequently identified in the spu-
tum. The fifth patient had been in the ICU since September 23, 2020
and initially had an MDRO Escherichia coli in the sputum before
acquisition of CRAB. The sixth patient was identified through ASC in
groin and axillae and later also grew CRAB in the sputum. There were
108 total screening specimens collected throughout the 4 point prev-
alence ASC. The rest of the containment strategies were in place for 3
months after the last point prevalence survey although PPE conserva-
tion was never reinstated in the ICU and targeted infection control
rounds continued.



Fig 1. Epidemic curve of CRAB outbreak in COVID ICU.

Table 2
Line listing of a CRAB outbreak in COVID ICU

Age Hospital
admission
date

ICU
admission
date

ICU admission
reason

COVID-19
status

Date of first
CR-AB isolate
collection

CR-AB isolate
source(s)

Patient
outcomes

62 11/9/2020 11/13/2020 Worsening viral PNA* related to COVID-19 Positive 11/22/2020 Sputum Deceased
62 11/1/2020 11/3/2020 Worsening viral PNA* related to COVID-19 Positive 11/24/2020 Sputum Deceased
82 11/1/2020 11/11/2020 Worsening viral PNA* related to COVID-19 Positive 11/25/2020 Sputum and blood Deceased
69 9/23/2020 10/3/2020 Worsening viral PNA* related to COVID-19 Positive 11/26/2020 Sputum Deceased
49 10/7/2020 10/29/2020 Respiratory failure due to re-expansion of

pulmonary edema
Negative 11/26/2020 Sputum and urine Deceased

59 11/14/2020 11/15/2020 Worsening viral PNA related to COVID-19 Positive 11/30/2020 Throat, Sputum Deceased

*Pneumonia.
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DISCUSSION

Patient care during the COVID-19 pandemic included a reversal of
standard infection prevention and control containment strategies for
MDROs. The first CRAB patient had multiple risk factors for MDRO
and is believed to be the initial source of the outbreak. PPE conserva-
tion strategies with lapses in infection control during pandemic surge
were the potential causes of transmission. On March 10, 2020, the
infection preventionists at our organization educated staff on limited
re-use of N95 respirators for patients that did not require contact
transmission based precautions. Isolation gowns were not to be re-
used for any suspected persons under investigation or positive COVID
patients. PPE in our organization was highly controlled and continu-
ously tracked utilizing burn rate calculators that predicted commu-
nity surge and the supply needs of the health care system. On March
25, 2020, the CDC presented a COCA call describing best practices for
optimization strategies for health care personnel PPE.19 Infection pre-
ventionists, supply chain, and administration continuously moni-
tored the need for implementation of PPE conservation. The CDC
guidelines for crisis capacity contingency strategies included
“extending the use of isolation gowns such that the same gown is
worn by the same provider when interacting with more than one
patient housed in the same location and known to be infected with
the same infectious disease (i.e., COVID-19 patients residing in an iso-
lation cohort).”10 Following this guidance, once an MDRO patient was
identified, the gown conservation was to be immediately ceased.
However, nosocomial transmission may have occurred prior to labo-
ratory identification of an MDRO specimen when gown conservation
was still in place. Furthermore, the long length of stay of COVID-19
inpatients, along with the incidence of secondary infections in this
population, and the increased usage of antimicrobial agents in criti-
cally ill COVID patients may have contributed to MDRO formation
through antibiotic pressure.
In order to decrease their own exposure to COVID, health care
personnel began performing medication preparation outside of
patient rooms prior to entry. Additionally, equipment such as intra-
venous pumps and ventilators were placed outside the patient
rooms. These actions may have contributed to fomite transmission of
MDROs if hand hygiene or equipment disinfection was not ade-
quately performed. A. baumanni has been found on healthcare per-
sonnel hands particularly in the ICU.20 Significant education was
necessary to continuously reinforce infection prevention and control
standards. Decreased compliance with conventional infection control
practices and modifications in patient care were thought to have
occurred during periods of patient surge when healthcare personnel
were limiting their own exposure. Pandemic patient care strategies
such as team nursing, increased use of agency personnel, and the
staff’s augmented responsibilities may have also contributed to
potential nosocomial transmission. Swift identification of a cluster of
multidrug resistant organisms by clinicians and immediate action by
the Manager of Infection Conrol was crucial in the containment of
this outbreak.

The strategies to prevent future outbreaks are the same common
principles that were utilized to contain this outbreak. These practices
must continue despite obstacles imposed by the COVID-19 pandemic.
Continued efforts to prevent future outbreaks include administrative
support and adherance to the most fundamental infection control
measures such as hand hygiene, transmission based precautions, and
environmental disinfection. Point prevalence surveys using ASC can
also be part of a tiered approach to containment. Another adjunct
strategy to consider is a screening protocol for high risk admissions.21

Previously, ASC have only been suggested as an additional measure
because they have not been shown to decrease cross-transmission of
CRAB in the endemic setting.21,15 However, modifying screening pro-
tocols could make ASC an effective tool and MDRO prevention strat-
egy which includes screening multiple body sites. A single swab test
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has only been found to be up to 30% sensitive in detecting A. bauman-
nii.22 New methods, including using a sponge to sample 2 sites simul-
taneously, have been found to be more than 80% sensitive in
detection.23 Including both a swab of the buccal mucosa and sponge
sample of the skin has been found to be the most effective with 99%
sensitivity in CRAB detection.17 CDC partners also suggested using
skin swabs for the point prevalence studies. High-risk patient settings
or populations in areas with endemic MDROs could consider updat-
ing their ASC protocol with more sensitive methods and apply these
methods to each patient admission. This screening effort should
involve active participation from the laboratory to ensure that medi-
cal staff, infection control, and administration are immediately noti-
fied when an MDRO is identified. Finally, the importance of
antimicrobial stewardship is evident and needed to suppress the
emergence and spread of MDROs.
CONCLUSION

The first highly resistant CRAB specimen was detected in a spu-
tum culture on a COVID-19 ICU patient in November 2020. In subse-
quent days, several other patients with varying demographics in the
COVID-19 dedicated ICU tested positive for CRAB in multiple sources.
Adherence to pre-pandemic infection control standards and single-
use PPE, may have prevented this outbreak. Adjuvant measures to
contain the outbreak including MDRO management best practices
such as vaporized hydrogen peroxide for no-touch environmental
disinfection, dedicated environmental cleaning staff, and point preva-
lence surveillance studies using ASC have all been described in previ-
ous outbreaks.24,25 Once conventional infection prevention and
control standards were re-instituted, we were able to contain the
outbreak of CRAB in a COVID-19 ICU. MDROs are increasing at an
alarming rate. Over the last decade, carbapenem non-susceptible A.
baumannii infections are becoming more common among hospital
settings and present a significant clinical challenge as treatment
choices for these organisms are limited.8,26 Preventing the spread of
resistant pathogens such as carbapenem resistant A. baumannii is
also considered an important public health concern.10,11 Identifying
and detecting resistant microorganisms, as well as providing ongoing
infection prevention and control education and monitoring should be
prioritized by community hospitals.
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