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Abstract
Background Acinetobacter baumannii is one of the most important microorganisms associated with
hospital-acquired infections and nosocomial outbreaks.Aim We investigate a hypervirulent A. baumannii
outbreak with aim to identify the transmission mediator.

Methods We investigated an outbreak in respiratory intensive critical care unit (RICU) and respiratory
medicine unit (RMU) based on whole genome sequencing (WGS) and epidemiology data. Virulence
potential was performed in a mouse model.

Results Eight and two CRAB isolates were isolated in RICU and RMU during August 2018. Four fatal cases
were all involved in a transmission event. In vivo test con�rmed the hypervirulence phenotype of the
isolates. We inferred that the portable devices were probably the mediator of the transmission based on
the transmission chain and epidemiology data. We isolated an hypervirulent CRAB from the screen of
portable ventilator. Portable devices disinfection using vaporized hydrogen peroxide and avoiding the
sharing of devices between general ward and ICU successfully blocked the further transmission.

Conclusions An emerging hypervirulent A. baumannii with enhanced virulence has successfully colonized
on the surface of mobile medical device. Sharing these mobile devices may lead to spread between the
general ward and ICU. The new transmission chain construction tool is useful to the outbreak
investigation.

Introduction
Acinetobacter baumannii is one of the most important microorganisms associated with hospital-acquired
infections worldwide [1]. In intensive care units (ICUs), A. baumannii account for up to 20% of infections
and manifest as ventilator-associated pneumonia and central-line-associated bloodstream infections [2,
3].

Spread of A. baumannii between patients in hospital settings is di�cult to control because of their ability
to persist in environments such as computer keyboards, pillows, curtains and other dry surfaces, which
necessitates strict adherence to infection control measures [4]. Numerous nosocomial outbreaks of A.
baumannii have been reported [5].

In general, A. baumannii has been regarded as a low-grade pathogen. Most laboratory strains and clinical
isolates do not cause severe infections in immunocompetent mice, inducing only a self-limiting
pneumonia with very limited local bacterial replication and systemic dissemination, even when a large
inoculum is used [6, 7]. However, studies have shown that some clinical carbapenem-resistant A.
baumannii (CRAB) strains are lethal to immunocompetent mice and thus revealed the range of virulence
in different strains of this pathogen [8, 9].
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In this study, we retrospectively investigated an outbreak of CRAB and con�rmed the transmission of
hypervirulent A. baumannii between general ward and ICU.

Methods
Outbreak investigation

The incidence rate of CRAB in respiratory intensive critical care unit (RICU) was 3.4 cases per month in
Shenzhen people’s hospital in 2017. However, we isolated 8 isolates in August 2018 and therefore
initiated an outbreak investigation. Given the frequent transfer of patients between the RICU and
respiratory medicine unit (RMU), we also collected 2 CRAB isolates from RMU in the same period.

 

Phenotypic characterization

We used a VITEK-2 compact system (bioMérieux, Marcy-l’Étoile, France) to establish the identity and
antimicrobial susceptibilities of the isolates. We interpreted the results in accordance with the guidelines
published by the Clinical and Laboratory Standards Institute (CLSI; document M100-S26) [10].  CRAB was
de�ned as resistance to imipenem or meropenem.

 

WGS and identi�cation

Genomic DNA of isolates was extracted using the Sodium Dodecyl Sulfate (SDS) method and quanti�ed
with a Qubit (Thermo Fisher, Waltham, MA, USA). The DNA library was constructed with an insert size of
350 bp. A-tailed, paired-end adapters were ligated into the DNA fragments and sequenced on an Illumina
HiSeq 2500 platform (Illumina, San Diego, CA, USA). Quality control, preprocessing of fastq �les,
trimming of adaptor, low-quality (phred quality <Q15), low complexity reads (30%), and polyG/polyX tails
were performed using fastp [11]. Genome assembly was performed using the de novo SPAdes Genome
Assembler (version 3.12.0) [12]. We scanned genome contigs against the ResFinder database with
Staramr (version 0.2.2) to detect antimicrobial resistance genes in the isolates [13]. We annotated the
results with Prokka (version 1.13.3) [14]. Multilocus sequence typing (MLST) was performed with Ridom
SeqSphere+ (version 5.1.0) [15].

 

Transmission trees construction

Alignment and single nucleotide polymorphism (SNPs) extraction from assembly contigs was performed
using the Harvest suite (version 1.2) [16]. Transmission trees were constructed based on single nucleotide
polymorphism (SNPs) and integrated epidemiological information (i.e., patient exposure to infection) with
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the BEAST2 (version 2.5.1) package Structured Coalescent Transmission Tree Inference (SCOTTI)
(version 1.1.1) [17]. SCOTTI not only accounts for diversity and evolution within a host, but also for other
sources of bias namely non-sampled hosts and multiple infections of the same host. This new method
builds on recent progress in e�ciently modeling migration between populations using an approximation
to the structured coalescent. SCOTTI also uses epidemiological data about host exposure time, only
allowing hosts to transmit the disease during periods when they are infectious [17]. We showed
transmissions with a probability > 20%.

 

Virulence potential test

A pneumonia model of A. baumannii in mice was used to test the virulence. Speci�c-pathogen-free grade
C57BL/6 6-8 weeks old female mice were purchased from Hunan SJA laboratory animal CO., LTD (Hunan,
China). The mice were intraperitoneally anaesthetized with pentobarbital sodium (75 mg/kg), then
inoculated with 20 μL (2.5×108 and 5×107 CFU) of A. baumannii by non-invasive intratracheal instillation
under direct vision. Mouse survival was observed for 7 days post infection. All animal care and use
protocols in this study were performed in accordance with the Regulations for the Administration of
Affairs Concerning Experimental Animals approved by the State Council of the People's Republic of
China.

Results
Phenotype and genotype of cases in this study

In this study, 8 non-repetitive CRAB isolates were recovered from separate patients (case 1 to 8, 6 from
bronchoalveolar lavages and 2 from sputum) in August 2018.  We also collected 2 CRAB isolates (case 9
to 10, 1 from sputum and 1 from urine) from RMU in the same period. All isolates were assigned to ST2
with the Pasteur scheme, and blaOXA-23 was the only carbapenemase gene detected in this study (Figure
1). All A. baumanni isolates were resistant to both imipenem and meropenem.

 

Transmission network

We integrated epidemiological and WGS data to infer the transmission chain by SCOTTI. Three
transmission events were identi�ed, one of which was highlighted because all the fatal cases (case 3, 5, 8
and 10) occurred during this event. From the transmission network of this event, case 3 was considered
the root of transmission. Case 5 was infected followed by case 3; Case 9 was infected followed by case
5; Case 10 was infected followed by case 8. Two possibilities were inferenced of the source of case 8
(Figure 2).
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We collected the history of patients with the goal of identifying the mediator of transmission with fatal
cases. The host of case 5 stayed in the RMU between July 15 and 29 and was transferred to the RICU
until September 12. Four days after the transference of case 5, case 9 was hospitalized in RMU and
stayed in the same bed. Case 3 and 8 stayed in the RICU from July 31 to August 12 and July 24 to August
23 respectively, while case 10 stayed in the RMU from August 11 to 26. A spatial interaction in the RICU
was found between case 3 and 8, case 5 and 8, and case 3 and 5. No spatial interaction was observed
between case 8 and 9 or 10 (Figure 3).

The RMU and RICU were located in the same building in the hospital and shared one bedside chest
roentgenogram machine and broncho�broscope room. The history of medical examination showed that
all of the cases received the bedside chest roentgenogram before infection. In addition, case 5 and 8
received broncho�broscope examination before infection (Figure 3).

Combining the epidemiological data and transmission network, because case 5 and 9 had been
hospitalized in RMU and stayed in the same bed, we considered the spatial interaction and sharing of
bedside chest roentgenogram machine may be the cause of transmission between case 3, 5, 8 and 9.
Transmission by health care workers was less likely because these patients belong to different treatment
groups. Bedside chest roentgenogram to be the likely mediator of transmission between case 8 and 10
because no other relevant link could be established between them (Figure 3).

 

Object surface sampling and intervention

Hereby, we performed object surface sampling of all mobile medical equipment for public use in multiple
departments including bedside broncho�broscope, portable ventilator, transport stretcher, and bedside
chest roentgenogram. We isolated the Bacillus cereus, Staphylococcus haemolyticus and Bacillus
pumilus from the screen of bedside chest roentgenogram. Acinetobacter lwo�i was isolated from the
placement plate of bedside chest roentgenogram. Notably, we isolated an A. baumannii from the screen
of portable ventilator.

We then disinfected all portable devices using vaporized hydrogen peroxide in a special con�ned space
[18]. At the same time, we designated personnel responsible for the periodic disinfection of portable
devices. Mobile devices in the ICU are no longer shared with general wards. Retrospective data showed
that after regular disinfection and management of mobile devices, compared to the same period in 2018,
the detection rate of multi-drug resistant bacteria in our hospital halved between January and December
2019.

 

Virulence test
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Genomic analysis showed that the isolates involved in fatal transmission and from the screen of portable
ventilator were all sharing the same K-locus (KL49) to the hypervirulent strain LAC-4 [19]. We therefore
selected isolate from case 3, case 7 and the screen of portable ventilator and used a pneumonia model to
test the virulence. LAC-4 was used as hypervirulent control. Using an inoculum of 2.5×108 colony-forming
unit (CFU), the survival of animals infected isolates from case 3, the screen and LAC-4 at 7 days was 10%,
10% and 0%, while that of isolates from case 7 and ATCC17978 was 70% and 90%, respectively (n=10,
p<0.0001 by log-rank test) (Figure 4).

Discussion
A. baumannii is an opportunistic nosocomial infection pathogen that usually causes septicemia and
pneumonia and outbreaks in ICU [20]. The isolation of an hypervirulent A. baumannii from mobile
medical devices suggesting that this threatening pathogen has been successfully disseminated and
colonized in the hospital.

For outbreak investigation, the �nest scale is to ask whether direct transmission happened from a given
host to another. WGS can provide a high-resolution tool to identify infection sources and augment efforts
to prevent and eradicate infections. Integrated analysis of both epidemiological and sequence data
clearly would maximize our ability to reconstruct transmission trees [21–24]. Several methods generally
make use of the date of sampling, the interval of exposure of a host to an outbreak, the likely duration of
infectiousness, or the within-host variation have emerged in recent years [25–30]. These approaches can
generally infer transmission events even in the presence of considerable within-host variation, can
account for the uncertainty associated with the possible presence of non-sampled hosts. As a result,
inferring transmission between hosts with accuracy is becoming feasible. Recent years have seen
progress in the development of statistically rigorous frameworks to infer outbreak transmission trees
(‘‘who infected whom’’) from epidemiological and genetic data [30].

In this study, we used an inference tool based on a Bayesian structured coalescent approximation route
to reconstruct transmission within a CRAB outbreak. We found that the outbreak consists of several
different transmission events. We identi�ed the transmission event between host without spatial
interaction. In this case, we can track the neglected mediator of transmission through the transmission
chain and bene�t the nosocomial infection control.

Our study highlights the role of mobile medical devices in the transmission of A. baumannii. We found
that an emerging hypervirulent A. baumannii with enhanced virulence was successfully colonized on the
surface of mobile medical device. Sharing these mobile devices may lead to spread between the general
ward and ICU.

Vaporized hydrogen peroxide in a special con�ned space is a useful tool for the mobile medical device
disinfection. Avoiding the sharing of devices between general ward and ICU and assigning personnel to
disinfect portable devices regularly are the effective ways to prevent such transmission.
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Conclusion
In summary, we analyzed an outbreak of nosocomial infection caused by hypervirulent A. baumannii
using transmission tree inference tool combined with epidemiological data. The analysis shows that the
hyperviulent CRAB has been successfully disseminated and colonized in the hospital. Improper use of
mobile devices can cause transmission between general wards and ICU. Therefore, it is necessary to
regularly sterilize mobile devices and assign personnel to manage them. The new transmission analysis
tool is useful to identify the transmission between the patients without spatial interaction.
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Figures

Figure 1

Antimicrobial resistance genes.
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Figure 2

The transmission network of isolates in this study. Numbers on arrows represent the inferred probabilities
of the corresponding transmission events. Probabilities bigger than 20% were shown.
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Figure 3

Epidemiology of Acinetobacter baumannii outbreak cases. The dates represent the admission,
transference, and discharge of the patient.

Figure 4

Virulence potential of Acinetobacter baumannii isolates in a mouse infection model.


