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Abstract

Background

Multidrug-ResistantAcinetobacter baumannii (MR-AB) can cause outbreaks in burn units.
We aimed to study the incidence, risk factors antt@mme of MR-AB infections in a burn
unit (BU).

Methods

A prospective study was conducted from April to Rowber, 2014 during an outbreak in a
BU in Paris. Weekly surveillance cultures were perfed to determine MR-AB colonization.
MR-AB nosocomial infections, discharge or deathhaitt MR-AB infection were considered
as competing events. To identify risk factors foRMB infection, baseline characteristics
and time-dependent variables were investigatedivanate analyses using Cox models.
Results

Eighty-six patients admissions were analyzed duttwegstudy period. Among them, 15 (17%)
acquired MR-AB nosocomial infection. Median timeitdection was 22 days (interquartile
range: 10-26 days). Cumulative incidence of MR-AlBections was 15% at 28 days (95%
Cl=8-24). Risk factors for MR-AB infection in unikate analysis were SAPS Il (Hazard
Ratio (HR):1.08; 95% CI:1.05-1.12; P<0.0001) andSABAbbreviated Burn Severity Index)
scores (HR:1.32; 95% CI:1.12-1.56; P=0.001), MR-&®onization (HR:10.2; 95%CI:2.05-
50.3; P=0.004), invasive procedures (ventilatioteraal and/or venous catheter) (P=0.0001)
and>2 skin grafts (HR:10.2; 95% CI:1.76-59/8+0.010). MR-AB infection was associated
with an increased risk of death (HR: 7.11; 95%C%52133.2; P=0.013) and longer hospital
stay with a median estimated increase of 10 d&@)R(b; 14).

Conclusions

Incidence of MR-AB nosocomial infection was higtridg this outbreak, and was associated
with prolonged hospitalization and increased risk@ath. High patient severity scores, prior
MR-AB colonization, invasive procedures and repeatkin grafts were associated with an

increased risk of nosocomial infection.
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Introduction

In recent years, multidrug-resistaftinetobacter baumannii (MR-AB), defined as strains
resistant to 3 or more classes of antibiotics iticlg carbapenem, has emerged as a major
cause of health care-associated infection (1-4)ema with impaired host defenses, such as
intensive care units and burned patients are pdatly exposed because of the loss of their
protective skin and mucosal barrier (5,6). In additdue to its ability to survive on patients
skin and environmental surfaces, MR-AB is known gmomote epidemic spread and
nosocomial transmission (7-9). Therefore, intromuctof AB strains in a facility has an
important potential for outbreaks and closure ofpgi@l units can be necessary to stop
epidemics (8,10,11).

MR-AB infections are difficult to treat and assdeid with high mortality and morbidity, and
longer hospital stays (12,13). Therefore, idemntidyirisk factors for these nosocomial
infections is needed to help reduce their occugenc

The aim of this study was to evaluate prospectitledyincidence, risk factors and outcome of
MR-AB infections in a Burn Unit (BU) during an oudak leading to the temporary closure

of the unit.
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Material and Methods

Sudy population

A prospective single-center study was conducted B located in a 600-bed public teaching
hospital in Paris, France. The BU is a 15 bedswitiit a multidisciplinary team of physicians
and nurses (plastic surgery, intensive care). AR50t patients are admitted every year with a
hospital stay of 22 days on average.

An outbreak of MR-AB was identified in the BU innlary 2014. Hygienic measures were
implemented to try to control the epidemic: staddaygiene measures (hand hygiene, use of
gloves and coats when appropriate) and environrhelg@ning of rooms before admitting a
new patient. These measures were unable to catieobutbreak and the unit was finally
closed temporarily on November 4, 2014.

During the course of this epidemic, we implemengegrospective study to assess the
incidence and risk factors for MR-AB colonizatiomdainfection, and their impact on
patients’ outcome. The results of the analysis ndigg patient’'s colonization have already
been reported (14). Briefly, we included all conga® patients admitted for more than 24
hours to the BU from April 14 to November 4, 200hly the first admission for each patient
was analyzed.

To identify risk factors for MR-AB infection, pat¢s data were recorded at baseline and
daily during follow-up. Baseline patients’ charatdgcs collected at admission were: age,
gender, comorbidities (including diabetes mellittesncer/hematologic malignancies, chronic
pulmonary disease, chronic heart failure, psycisiattisorder, HIV infection, obesity),
admission mode (community or hospital), severityngdry evaluated by SAPS Il (Simplified
Acute Physiology Score Il) and ABSI (AbbreviatedrB$everity Index) scores (15,16), prior
antibiotic use within 7 days prior to admission.mé dependent characteristics were
prospectively collected: invasive procedures (Vatiin, central venous and artery catheter,
urinary catheter), antimicrobial therapy during pitaization, number of skin grafts, and
MR-AB colonization using surveillance cultures.

MR-AB infections were defined using the CDC defmit for nosocomial infections and
combined specific clinical findings and results laboratory tests (17). A patient was
diagnosed with MR-AB infection if he presented ial signs of sepsis, clinical or
radiological focal signs of infection with isolaticof MR-AB, leading the physician to start
antimicrobial therapy. These diagnoses were asoeddy two infectious disease specialists.
Patients were followed in the BU until their disodp@or death. The length of stay in the BU
was assessed for each patient.
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Microbiology

All patients admitted to BU were screened for cadation with carbapenem-resistant Gram-
negative bacilli, including MR-AB. Surveillance tules were performed at admission and
weekly thereafter throughout BU stay. Surveillaoaétures included inguinal skin and rectal
swabs. Additional cultures were performed on buahgach dressing, on lower respiratory
samples if the patient was mechanically ventiladed when infection signs or a systemic
inflammatory response syndrome occurred.

Surveillance culture samples were plated on Drigadgiar with a 1Qtg ertapenem disk
(Biomérieux, Marcy I'Etoile, France) for inguinahe rectal swabs or on non-selective agar
for burn and respiratory samples and incubatednyletr at 37°C. Colonies were selected
based on color and morphology and final identifarat was performed using mass
spectrometry (Vitek MS, Biomérieux, Marcy I'Etoilésrance). Antibiotic susceptibility
pattern was determined by disk diffusion methodadiag to the CA-SFM cut-offs (Comité
de 'Antibiogramme de la Société Francaise de Mimlogie) (18).

When infection was suspected, clinical samples wtreied using appropriate method. When
AB was isolated from blood cultures or clinical sipgens, antibiotic susceptibility pattern

was determined as described above.

Satistical analysis

Quantitative variables are presented with the nmediaterquartile range (IQR)); qualitative

variables with counts (percentage). Risk factorMBFAB infection were investigated among

all patients enrolled in the study. A time-to-evamalysis was performed, in a competing
risks framework, with MR-AB infection, death or dsarge without infection as competing

events (19,20). Such a methodology allows accognfim the time-dependency of some
potential risk factors for infection (e.g. ventitat, antibiotics prescription). Time to event
was defined as the time difference between the afademission and the date of diagnosis of
infection or the date of death/discharge, which@gmurred first. Time independent variables
were recorded on admission as described above.-da@pendent explanatory variables were
longitudinal exposures prospectively collected ascdbed above. Cumulative incidences of
infection, death or discharge over time were edtthaCause-specific hazard ratios (CSHR)
for candidate associated factors were estimatedox models in univariate analysis. Given
the limited number of infection events, we did pa&rform a multivariable analysis. The

proportional hazards assumption was assessed Inyiretgon of the Schoenfeld’s residuals;

log-linearity assumption for continuous variableaswassessed. MR-AB infection effect on

survival was also estimated in a Cox model, witbcdarge alive as a competing event to

5
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death in the ICU. The difference in length of sdye to infection was estimated in a
multistate model framework (21,22).

All tests were two-sided and p-values lower thaf50were considered as indicating
significant associations. Analyses were performeidgiR statistical platform, version 3.4.1,
using the survival (Survival Analysis), cmprsk (Sigribution Analysis of Competing Risks)
and etm (Empirical Transition Matrix) packagesgbtt/cran.r-project.org/).
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Results

Incidence and characteristics of nosocomial infections

From 14 April to 4 November 2014, 97 consecutiviégnas were admitted to BU with a total
of 103 admissionsHjgure 1). Eleven patients with BU length of stay of lekart 24 hours
were excluded from the study and 86 patient’s aslioms were included in the final analysis,
representing 2492 patients-days of hospitalizatdedian length of stay in the BU was 22
days (min-max: 2-105).

Among these 86 admissions, 15 (17%) led to the ldpueent of a MR-AB infection. The
cumulative incidence of MR-AB infection was 6% dat days (95% CIl 2-12%), and 15% at
28 days (95% CI 8-24%J~(gure 2). Among 32 patients with MR-AB colonization, 13184)
developped MR-AB infection. The cumulative incideraf MR-AB infection among MR-AB
colonized patients was 44% at 28 days (95% CI ZB&g@ata not shown).

The median time from admission to onset of infettdas 22 days (IQR: 10-26).
Characteristics of patients with MR-AB nosocomiafections are described ihable 1.
Patients presented bloodstream infection (n=9)umm@ia (n=7) in ventilated patients (n=5)
or non-ventilated patients (n=2), burn infectior=3h catheter-related infection (n=3),
peritonitis (n=2), bone and joint infection (n=Dbxonchitis (n=1). Eight patients had more
than one infected site.

Of the 15 patients with clinical infection, 13 (8y%ad prior documented positive
surveillance culture, with a median time betweesitpee surveillance culture and infection of
7 days (IQR 3-15). Of the 2 patients without MR-A@onization at the time of infection, the
first patient acquired infection 34 days after asbiun and had undergone negative
surveillance cultures on 21 different days. Theosdatient acquired infection 5 days after
admission and had undergone negative surveillaniteres on 2 different days. Median time
between the last negative surveillance cultureiafattion was 48 hours (24 to 72h) in these

two patients.

Risk factors of MR-AB infections

Univariate analysis of baseline and time-depenébibrs associated with MR-AB infection
are presented iMable 2. Risk factors of MR-AB infection were SAPS Il (CSHRO8; 95%
Cl:1.05-1.12; P<0.0001) and ABSI scores (CSHR:1952p CI:1.12-1.56; P=0.001), MR-AB
colonization (CSHR:10.2; 95%CI:2.05-50.3; P=0.00#)yasive procedures (P=0.0001),
ventilation (CSHR: 9.69; 95%CI=3.06-30.7; P=0.0Q0&ytery and/or venous catheter
(P<0.0001), and2 skin grafts (CSHR:10.2; 95% CI:1.76-59%;0.010).
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Risk factors of MR-AB infection among MR-AB colomid patients in univariate analysis
were SAPS Il (CSHR=1.06; 95% CI=1.03-1.0P=0.0003) and invasive procedures
(P<0.019), particularly ventilatior 1 day and catheter.

Outcome

The median duration of hospitalization, accordimdAR-AB infection and outcome (death or
alive) is presented in thEeable 3. MR-AB infection was associated with a longer haapstay
whether patients died during hospitalization orevdischarged alive. Indeed, probability of
being discharged alive the next day was signifigamtduced when MR-AB infected (CSHR
for discharge=0.17; 95%CI 0.06-0.49, P=0.001), wittmedian estimated increase of 10 days
(IQR: 6; 14) following infection.

Considering only patients who were discharged aliwedian duration of hospitalization was
67 days among the 15 patients who acquired MR-ABction and 19 days among non-
infected patients.

Eleven patients (13%) died during hospitalizatiorthe BU. Cumulative incidence of death
was 6% at 28 days. MR-AB infection was associatéd an increased risk of death (CSHR:
7.11; 95%CI: 1.52-33.2; P=0.013). Seven of the 4&7%) patients who acquired MR-AB
infection died in the BU, after a median of 14 déaysge: 5 to 76 days) following diagnosis.
Death was related to infection in 4/7 patients (p7&nhcertainly related to infection in 2
(29%) and unrelated to infection in 1 (14%).
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Discussion

In this prospective study conducted in a BU dumngoutbreak of MR-AB, the incidence of
MR-AB nosocomial infection was high, 15% at 28 dagsd increased to 44% at 28 days
among patients with prior colonization (13 of 15ig@ats (86.6%) with nosocomial infection
had prior colonization)Kig. 2). Such a high incidence of MR-AB infection despite
implementation of infection control strategies fre BU led to its closure to allow thorough
cleaning and hydrogen peroxide disinfection (11)sifilar incidence of infection (16.5%)
was reported by Latibeaudiere et al during an epideand MR-AB colonization was also
found in a high proportion (56.7%) of MR-AB infect patients (23).

In our study, MR-AB nosocomial infections were asated with a prolonged hospitalization
with a median increase of 10 days following infeatisimilar to previous reports (5).

Also, among patients who acquired MR-AB infecti@f5 (46.7%) died as compared to 4/71
(5.6%) without infection Kig. 1). In our study, MR-AB infection were associatedhwa
significant increase in the risk of death (CSHR:17.95%ClI: 1.52-33.2; P=0.013). Wong et
al did not found in a retrospective study amongegoés in a burn unit in Singapore that MR-
AB infection was associated to an increased moytéd). Wisplinghoff et al. reported that the
mortality rate in MR-AB infected patients was twigigher than in controls in a retrospective
case control study in Germany (24). Our resultgiokt in the setting of a prospective study
strengthen the association between MR-AB and iseeaisk for death, even though we
cannot ascertain in all our cases that death wastti related to MR-AB infection. Death
was directly related to infection in 4/7 (57%) oRVAB infected patients who died.
Bloodstream infection and pulmonary infections win@ most frequent infections and 12/15
(80%) of patients with nosocomial infection had ipes blood culturesTable 1). This high
death rate in our study is probably related in partthe severity of the patients, the
dissemination of the infection, and the limitediafty of antibiotic therapy against these
multi-resistant organisms.

It is therefore critical to analyze in such a studk factors for nosocomial infections in order
to try to prevent or diagnose and treat as earlyossible these infections, until the outbreak
is under control.

Due to the limited number of cases (25), we coully perform a univariate analysis of risk
factors associated with MR-AB infections and ttasai clear limitation of our findings. We
found that the severity of patients at admissiomaasured by the SAPS Il and ABSI scores,
prior colonization by MR-AB, invasive proceduresidg hospitalization (ventilation, venous
or arterial catheter), and 2 or more skin graftsensrongly associated with an increased risk
of infection (Table 2). In an exploratory analysis to should be intetignteand generalized

9
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with caution (25), we found that prior colonizatiddy MR-AB remained significantly
associated with MR-AB infection (HR= 5.95, 95%C11-31.9, p=0.037), when adjusted in
ABSI scores to account for illness severity. SinlylaMR-AB infection association with ICU
death remained close to the 5%-significance leftet adjustment on ABSI score (HR=5.84,
95%CI 0.96; 1.56, P=0.056).

Our results confirm the results of previous studinestensive care units that have identified
the severity of illness/comorbidity, invasive prdaees, mechanical ventilation, long duration
of hospital stay (26,27), and the role of prior MIB- colonization (23,28). Our study
however, is the first prospective study assesssigfactors of MR-AB infection in a burn
unit.

Contrary to previous reports, prior exposure toinaictobials was not a risk factor for
infection in our study but was associated with mereased risk of colonization (11, 26). A
previous study conducted in Brazil, where MR-ABarotation is endemic, found that use of
antimicrobials was a risk factor for acquisition MR-AB only when colonization pressure
(proportion of patients harboring the microorganiswas low (29). Thus, the absence of
association between antimicrobials and MDR-AB itifat could be explained either by low
sensitivity of analysis (due to small number ofertfon events) or by high colonization
pressure during the outbreak.

However, the role of prior colonization leadingitdection is reinforced in our prospective
study since 13/15 (87%) patients with infectionsl lpaior colonization, and the CSHR for
infection in colonized patients was significantlyegter than 1 (10.2; 95%CI: 2.05-50.3;
P=0.004). Latibeaudiere et al in their retrospectstudies have previously reported that
positive surveillance cultures were the only vaealassociated with infection in a
multivariate analysis (23). The role of these siliavgce cultures during an outbreak is
therefore critical to identify early colonizatioma patients at high risk for these life-
threatening infections. Nineteen MR-AB colonizedigrats did not develop an infection.
These patients were less severe patients with fewasive devices as compared to MR-AB
colonized patients who develop a MR-AB infectiomo® a patient is colonized, the reduction
in invasive procedures may limit the risk of trdimsi from colonization to infection.
However, this is difficult to apply in severe byratients.

Another risk factor for infection in our study inBU was the number of skin grafts. Indeed
patients who underwent 2 or more skin grafts hatjher risk of MR-AB infection (CSHR:
10.2; 95% CI:1.76-59.6P=0.010). This risk factor has not been previouslyoréed to be
associated with an increased risk of MR-AB infecti®he number of skin grafts needed in a

burned patient is clearly linked to the severitypafns as measured by the ABSI score. In our

10
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univariate analysis, it is therefore difficult tmdw whether the number of skin grafts is a
confounding factor, a proxy of burn severity, amndther studies should try to address this
issue.

In conclusion, this prospective study found a veigh incidence of MR-AB nosocomial
infection during an outbreak in a BU, associatetth\wrolonged hospitalization and increased
risk for death in those infected. Surveillance s should be performed to identify
colonized patients in whom the risk of MR-AB infiect is greatly increased, especially in
those with a severe injury as assessed by SARRIIABSI scores, those undergoing multiple
skin grafts, or various invasive procedures. Aseiéms difficult to limit the number of skin
grafts or invasive procedures needed to manageegumirned patients, prevention of MR-
AB colonization remains critical. As reported earlisince the use of antibiotic therapy is
strongly associated with colonization (14), its wwuld therefore be limited as much as

possible during an outbreak.
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Univariate Analysis

All patients No MR-AB MR-AB

Variables infection infection CSHR (95% Cl) P value
n=86 n=71(83) n=15(17)

Baseline characteristics

Median age, y 46(30;58) 46(30;58) 53(36;60) 1.00(0.98;1.03) 0.75

Male gender 53 (62) 43 (61) 10 (67) 1.55 (0.53 ; 4.57) 0.43

At least 1 comorbidity 34 (40) 24 (34) 10 (67) 2.25(0.77 ; 6.62) 0.14

Diabetes 8(9) 7 (10) 1(7)

Cancer 4(5) 2(3) 2(13)

Chronic pulmonary disease 3(3) 1(1) 2 (13)

Chronic heart failure 3(3) 2(3) 1(7)

Psychiatric disorder 18 (21) 11 (15) 7 (47)

HIV infection 1(1) 1(1) 0(0)

Obesity 4 (5) 3 (4) 1(7)

Admission mode

Community 58 (67) 47 (66) 11 (73)

Hospital 28 (33) 24 (34) 4(27) 0.64 (0.20 ; 2.01) 0.44
Median SAPS II 20(15:32) 17(12;24) 41(27;50) 1.08(1.05;1.12)  <0.0001
Median ABSI® 6(5;8) 6(5;7) 9(7; 10) 1.32 (1.12 ; 1.56) 0.001
Prior antibiotic use (within 7 days) 21 (24) 16 (23) 5(33) 1.34 (0.46 ; 3.93) 0.59
MR-AB colonization on admission 9(10) 5(7) 4(27)

Time-dependent characteristics °

MR-AB colonization (previous day) 32(37) 19 (27) 13 (87) 10.2 (2.05; 50.3) 0.004

Invasive procedure (= 1 day) 65 (76) 50 (70) 15 (100) - 0.001*
Ventilation (= 1 day) 31(36) 18 (25) 13 (87) 9.69 (3.06;30.7)  0.0001
Catheter 48 (56) 33 (46) 15 (100) = <0.0001*

>2 skin grafts during the stay © 25 (29) 14 (20) 11 (73) 10.2 (1.76 ; 59.6) 0.01

Antibiotic treatment >1 day d 39 (45) 27 (38) 12 (80) 6.04 (0.76 ; 48.3) 0.09

Table 2. Characteristics of patients and univariate analysis of the association with MR-AB
infection, estimated using cause specific hazard ratios (CSHR).

& Estimations among burn patients only (n=68)

P Exposure to time dependent characteristics estiinfrtom admission to first outcome (colonizatiorath or
discharge alive)

© CSHR for> 2 skin grafts vs < 2 skin grafts (reference)

4> 1 day of antibiotics; duration is reported in dayith median (interquartile range)

* All infections occurred in patients with exposuiavasive procedures and catheter respectivelgHRs had
infinite values; P-values correspond to the sceseih a Cox regression model.

Data are presented as No. (%) unless otherwiséfisplec
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End of stay All No MR-AB infection MR-AB infection
status N=86 N=71 N=15
Death 31(3; 82) 8.5(3;43) 39 (21; 82)
21(2; _ .
Discharge alive 105) 19(2;76) 67(9;105)

Table 3. Median length (min; max) of hospital stays in days according to MR-AB infection and
outcome (death or discharged alive)
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Figure 1. Study flow chart.

BU: Burn Unit
MR-AB: Multi-ResistantAcinetobacter baumannii
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