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Abstract 
Introduction: Acinetobacter baumannii (ABA) is an important opportunistic pathogen associated with high mortality rates in intensive care 

units (ICUs). An outbreak in the ICU of a secondary-level hospital in Quito, Ecuador, occurred during April and May 2015 and was successfully 

controlled. 

Methodology: Enterobacterial repetitive intergenic consensus polymerase chain reaction (ERIC-PCR) and repetitive element palindromic 

(REP)-PCR was conducted on all isolates recovered from patients, as well as environmental samples, to confirm the presence of an outbreak. 

A case-control study was conducted by comparing the clinical histories of the affected patients and of control patients present in the ICU during 

the outbreak period who did not present a positive culture for ABA. 

Results: Five patients were infected and two were colonized with the same clonal strain of ABA, which was also identified on the stethoscope 

and a monitor associated with an isolation room. Statistical analysis of case histories did not identify any additional risk factors, but the outbreak 

was initiated by one patient in the isolation room of the ICU who was infected with the outbreak strain. All patients who ocupied that room 

after the index case tested positive for at least one culture of ABA. The outbreak strain was found on the stethoscope, and a subclone was found 

on the monitor of that room. 

Conclusion: Having access to basic equipment will enable well-trained professionals to rapidly detect and initiate the control process of an 

outbreak, saving lives and money spent on nosocomial infection treatments. 
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Introduction 
Acinetobacter baumannii (ABA) is a ubiquitous 

microorganism able to colonize and survive in diverse 

environments; for these reasons, ABA is difficult to 

control in hospitals, and outbreaks have been reported 

around the world [1-6]. Because ABA is a major 

opportunistic pathogen pervasive in the environment, it 

constitutes a leading cause of cross-contamination and 

infections, particularly multidrug-resistant (MDR) 

infections associated with high mortality rates in 

intensive care units (ICUs) [3,6,7]. In Latin America, 

few outbreak studies of ABA have been published, the 

first being in Brazil in 2003 [4]. The situation of MDR 

ABA is of particular concern in developing countries, 

such as Ecuador, where the conditions and policies of 

hospitals are not always up to date, leading to increases 

in the risk of nosocomial infections [8].  

The aim of this study was to characterize an 

outbreak of ABA in a hospital in Quito, Ecuador, and to 

localize the environmental reservoirs and possible risk 

factors associated with the infections. 

 

Methodology 
Study setting and selection criteria 

Between 8 April and 26 May 2015, five patients 

admitted to the secondary-level, 58-bed hospital were 

infected; two were colonized by an epidemic MDR 

strain of ABA (ABA-MDR). The seven patients that 

presented a positive culture were designated as cases, 

while five controls were chosen at random from patients 

admitted to the same unit during the outbreak period. 

 

Measurements 

Infection or colonization with ABA-MDR was 

documented by the infectious diseases unit. The 
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variables studied to determine the risk factors for 

infection/colonization by ABA-MDR and for the 

descriptive study of the clinical characteristics of the 

infected and/or colonized patients were age, previous 

antibiotic therapy, previous invasive techniques, and 

any previous hospitalization. 

To control the outbreak, infected/colonized patients 

were isolated and measures were taken to prevent 

transmission. These measures comprised single use of 

disposable gloves to examine infected/colonized 

patients, and cleaning and disinfection of surfaces 

followed by a deep clean of the isolation room. The 

room and ICU were then closed for 48 hours as a control 

measure. 

 

Microbiological analysis 

All isolates of the outbreak strain were obtained 

from clinical specimens. Identification and 

susceptibility profiles were performed using the 

VITEK2 compact system (bioMérieux, Durham, USA), 

following the manufacturer’s instructions. 

Identification was performed using GN (21 341) and the 

susceptibility profile was determined by microdilution 

using the AST-GN66 (413 398), both using VITEK2 

compact. The criteria proposed by the Clinical and 

Laboratory Standards Institute (CLSI) [9] were applied 

in interpreting the sensitivity results. Molecular typing 

of the isolates (one per patient) was performed by 

ERIC-PCR and REP-PCR [10-12], and resolving by 

electrophoresis on agarose 0.8% w/v gels. 

 

Table 1. Case and control patients included in the study. This table shows the clinical features of the cases and control patients included in the 

study. 

Code Age 

Days 

previous 

sample 

in 

hospital 

Isolation 

A. 

baumannii 

Sample 
Previous 

surgery 

Previous 

treatment 
Colonization Infection 

Other 

infection 

Invasive 

techniques 

Central 

catheter 

Antibiotic 

treatment 
Outcome 

1 89 11 08/04/2015 
Foot 

secretion 
Yes 

Tigecycline 
Cefazolin 

Cephalexin 

No Yes No Yes Yes 
Tigecycline 

Colistin 
Alive 

2 89 3 26/04/2015 Blood No 
Levofloxacin 
Meropenem 

Ciprofloxacin 

No Yes No No No  Alive 

3 54 3 27/04/2015 Bedsore Yes 

Cefazolin 
Meropenem 

Fluconazole 

Amikacin 
Levofloxacin 

Fosfomycin 

Nitrofurantoin 
Gentamicin 

Yes No No Yes Yes  Alive 

4 21 3 10/05/2015 Blood No 

Linezolid 

Ertapenem 
Fluconazol 

Meropenem 

Vancomycin 

No Yes No Yes Yes 
Ertapenem 

Colistin 

Fluconazole 

Death 

5 77 3 14/05/2015 
Biliary 

secretion 
Yes 

Meropenem 

Ciprofloxacin 
Yes No No Yes Yes  Alive 

6 39 3 15/05/2015 

Splenic 

bed 
lavage 

Yes 

Ertapenem 
Piperacillin-

tazobactam 

Colistin 
Fluconazole 

Meropenem 

Vancomycin 

No Yes No Yes Yes 

Meropenem 
Colistin 

Vancomycin 

Fluconazole 

Alive 

7 82 3 26/05/2015 Blood No Ertapenem No Yes No Yes Yes Ertapenem Death 

8 83 3 Control Yes Cefazolin No No Yes Yes No  Alive 

9 78 3 Control No 
Piperacillin-

tazobactam 
No No Yes No No 

Piperacillin-

tazobactam 
Alive 

10 54 3 Control Yes Ertapenem No No Yes Yes Yes  Alive 

11 32 3 Control Yes 
Meropenem 
Linezolid 

Caspofungin 

No No Yes Yes Yes 

Linezolid 

Meropenem 

Ciprofloxacin 
Caspofungin 

Death 

12 83 3 Control No Ertapenem No No Yes Yes No  Alive 
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Statistical analysis 

Statistical tests were performed using StatPac 

software and the t-test (two-sample t-test between 

percentages). 

 

Results 
Clinical study 

Case histories showed that all the patients involved 

in the study had been transferred from another hospital 

and all of them had received previous antibiotic 

therapy. ABA infections were identified in five, and 

colonization in the remaining two cases. The average 

age of patient was 65 ± 24, and no statistically 

significant difference was found between genders 

(Table 1). 

The common factor in all infected or colonized 

patients was that all had been in the isolation room of 

the ICU where the outbreak strain was isolated from the 

room’s stethoscope. Results indicated this was the 

cause of the cross-contamination between patients. 

 

Microbiological study 

Forty-two environmental samples were collected, 

and the results showed that one ABA strain with the 

same phenotype was found on a monitor, stethoscope, 

and mattress (nine other Gram-negative bacteria were 

also isolated from the environment of the ICU). Twelve 

samples collected after the cleaning of ICU were all 

negative. 

All isolates of ABA, clinical and environmental, 

presented the same susceptibility profile (Table 2), all 

being resistant to all antibiotics except colistin and 

tigecycline. 

Genotype studies 

The strains of the seven patients show exactly the 

same profile. The ABA isolated from the mattress 

presented a different genotype with both molecular 

techniques (Figure 1 and 2). When studying the strains 

with ERIC-PCR, the outbreak clone appeared to be on 

the stethoscope and monitor (Figure 1). However, when 

analyzing by REP-PCR, it was evident that the monitor 

strain was a subclone (Figure 2), confirming REP-PCR 

as the gold standard for ABA, as the discrimination 

power is higher than that of ERIC-PCR. 

Table 2. Minimum inhibitory concentration (MIC) and 

interpretation of the susceptibility pattern (according to Clinical 

and Laboratory Standards Institute 2015) 

Antibiotic MIC (µg/mL) Interpretation 

Colistin < 2 Sensitive 

Levofloxacin 4 Intermedium 

Ceftazidime 16 Resistant 

Imipenem > 16 Resistant 

Meropenem > 16 Resistant 

Ciprofloxacin > 4 Resistant 

Cefepime > 64 Resistant 

Gentamycin > 16 Resistant 

Amikacin > 16 Resistant 

Ampicillin/sulbactam > 32 Resistant 

Tigecycline* 22 mm  

*Tigecycline sensibility profile was tested following the Kirby-Bauer 

method (CLSI 2015). 

Figure 2. REP-PCR of all the clinical samples and the three 

environmental strains of ABA. 

Lane A: stethoscope of the isolation room; Lane B: mattress; lane C: 

monitor of the isolation room. Lane A (stethoscope of the isolation room) 

is the outbreak strain, the lane B (mattress) is a different genotype and 
the lane C (monitor of the isolation room) is a subclone of the outbreak 

strain. Lanes 1 to 5: clinical isolates of ABA-MDR infected patients; 

lanes 6 and 7 clinical isolates of ABA-MDR colonized patients). 

MW: molecular weight marker; lanes 1 to 5: one isolate of each of the 

five patients infected with ABA-MDR which show the same profile; 

Lane A: stethoscope of the isolation room; Lane B: mattress; Lane C: 

monitor of the isolation room. Lanes A, B and C have the same genetic 

profile as the outbreak strain, while the lane B (mattress) is a different 

genotype. 

Figure 1. ERIC-PCR of the infected patients with ABA-MDR 

and three environmental samples of ABA. 
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The figure is overlapping the heading and it looks 

like it is over another photo 

Case-controls study 

Staying in the isolation room of the ICU was the 

only risk factor identified. The first patient (run over by 

a car and transferred from another hospital) was the 

index case. After he left the isolation room, all other 

patients who subsequently went into that room 

developed at least one positive culture for ABA. The 

strain was isolated from the stethoscope that was 

exclusively used for the one bed in this room, which 

was thus considered to be the source of the cross-

contamination. However, a subclone strain was 

identified on the monitor used for the patients in that 

room. 

While the other patients in ICU who did not stay in 

this isolation room presented other infections, they were 

not infections caused by the outbreak strain. 

No other specific risk factors were found. 

 

Control measurements 

After isolation of the patients, disinfection, and 

deep cleaning was undertaken, no clinical isolates of 

ABA were found in the control environmental samples. 

 

Discussion 
Outbreaks caused by ABA-MDR have been 

described worldwide [1-7,13] yet few studies in the 

literature refer to Latin America [8]. The few 

manuscripts investigating adult ICU Gram-negative 

outbreaks in Latin America and the Caribbean mostly 

originate from the more affluent nations. No such 

publications from Ecuador have been found, leaving the 

scientific community blind to the mortality and 

morbidity rates associated with these nosocomial 

outbreaks and the effectiveness of ensuing outbreak 

management in the distinctive contexts of this Latin 

American country [4,8].  

The lack of dedicated budgets and access to 

resources makes research difficult to conduct in 

countries such as Ecuador, but we show that with 

minimal equipment and costs (USD $30 for 

microbiological diagnosis and USD $15 for the 

molecular characterization of the outbreak, per sample), 

we were able to detected and stop the dissemination of 

the outbreak at an early stage, thus dramatically 

decreasing the costs associated with nosocomial 

infections, previously costing an average of USD 

$2,242 per day/patient for bed, antibiotics, tests, and 

imaging. The reported outbreak affected a low number 

of patients; just seven people presented a positive 

culture, all with extensive previous antibiotic therapy 

treatments and more than 72 hours spent in the hospital. 

These factors have been previously associated with an 

increased risk of acquiring nosocomial infections 

[1,3,4,6,7]. The outbreak strain was found on the 

stethoscope of the isolation room in the ICU; this room 

is considered to be the common factor to all patients 

infected or colonized by ABA. This room, and more 

precisely the stethoscope used specifically in the room, 

was found to be the risk factor for the infection or 

colonization by the outbreak strain. The cross-

transmission was reported previously for ABA, 

highlighting the importance of hand hygiene and deep 

cleaning [14]. Once the room was disinfected and 

closed for 48 hours after cleaning, no more isolates 

were found, showing the importance of good 

disinfection and cleaning protocols between patients. A 

total of two patients died from the outbreak strain; 

however, no statistical significance was found between 

infection with the strain and mortality rate (t-statistic = 

0.456 and p = 0.672 with 4 degrees of freedom). 

During this study, the rapid detection and decisive 

actions of the laboratory staff enabled the identification 

not just of the outbreak itself but also the localization of 

the sources of transmission, preventing further loss of 

life and the associated high costs of a prolonged 

outbreak.  

However, the need for antibiotic stewardship is 

emphasized, as the excessive usage of antibiotics, 

displayed in the patients’ histories, indicates a trend of 

misuse responsible for high levels of resistance found 

in Ecuador [15]. 

 

Conclusions 
The particular conditions found in hospitals of 

developing countries such as Ecuador, with severe 

budget and resource constraints, present unique 

challenges for the effective care of patients. However, 

the importance of the strict enforcement of hygiene 

protocols is emphasized, as the outbreak strain was 

found on the stethoscope of the isolation room. If the 

protocol for stethoscope usage between patients had 

been followed, the outbreak could possibly have been 

prevented.  

Without the rapid detection and action of laboratory 

and hospital staff, the outbreak could have resulted in 

many more deaths at great cost. This highlights the 

importance of well-trained professionals who adhere to 

good professional practice and effective protocols. It 

demonstrates that even with limited resources and 

budgets, detection of outbreaks and control of 

nosocomial infections can be achieved effectively.  
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