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RESUMEN 

Acinetobacter baumannii, un importante patógeno oportunista nosocomial en todo el mundo, 

es el responsable de neumonía asociada a ventilador, así como bacteriemia en pacientes 

críticos, con tasas de mortalidad que fluctúan entre 10 y 43%. Expresa diversos mecanismos 

de resistencia, incluidos la producción de β-lactamasas, cambios en la membrana celular y 

producción de bombas de eflujo. El objetivo del studio es evaluar la expression de bombas 

de eflujo en cepas de Acinetobacter baumannii strains de un hospital en Lima, Peru  entre 

2014 and 2016.  

Métodos: Acinetobacter spp. fueron identificados por el sistema BD-Phoenix™ y la especie 

A. baumannii fue detectadas por amplificación del gen blaOXA-51 por PCR. La 

susceptibilidad a los antimicrobianos (fluoroquinolonas y aminoglicósidos) se evaluó 

mediante la técnica de microdilución en caldo, de acuerdo con las directrices de CLSI. La 

actividad del sistema de bombas de eflujo se evaluó mediante la adición del inhibidor 

fenilalanina de arginina-β-naftilamida (PAβN). 

Resultados: se incluyeron diecinueve cepas de Acinetobacter baumannii, positivas para el 

gen blaOXA-51 por PCR y tenían información clínica asociada. Las muestras eran únicas 

por paciente y se recolectaron de diferentes fuentes. Un total de ocho cepas (42,1%) 

demostraron un aumento en las tasas de susceptibilidad y dieciséis (84,2%) expresaron 

bombas de eflujo. 

Conclusiones: Las tasas de resistencia antimicrobiana para quinolonas y aminoglucósidos 

disminuyeron tras la adición del inhibidor de la bomba de eflujo. Las bombas de eflujo tienen 

un papel importante en la aparición de cepas resistentes a múltiples fármacos de A. 

baumannii y el inhibidor podría ser útiles como terapia complementaria para este patógeno 

en futuros estudios.  

 

Palabras clave: Acinetobacter baumannii; Efflux Pump Inhibitors; Antimicrobial 

Resistance; Multidrug Resistance   
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Efflux pump expression in MDR Acinetobacter baumannii strains from a tertiary care 

hospital in Lima, Peru 

ABSTRACT 

Background: Acinetobacter baumannii, an important nosocomial opportunistic pathogen 

worldwide, causes ventilator-associated pneumonia as well as bloodstream infections in 

critically ill patients, with mortality rates between 10 and 43%. A. baumannii expresses 

several resistance mechanisms, including the production of β-lactamases, changes in cellular 

membrane and production of efflux pumps. These latter transport toxic and antimicrobial 

compounds out of the bacterial membrane and represent an important factor for development 

of multidrug resistance. The aim of this study is to evaluate efflux pump expression in  

Acinetobacter baumannii strains from a tertiary care hospital in Lima, Peru between 2014 

and 2016. 

Methods: Acinetobacter spp. were identified by BD Phoenix ™ automated system and A. 

baumannii strains were detected by amplification of the blaOXA-51 gene by PCR. 

Antimicrobial susceptibility to fluoroquinolones and aminoglycosides was assessed by broth 

microdilution technique, according to CLSI guidelines. The activity of the efflux pumps 

system was assessed by the addition of phenylalanine inhibitor of arginine-β-naphthylamide 

(PAβN).  

Results: A total of nineteen Acinetobacter baumannii strains were included in the study. All 

were positive for the blaOXA-51 gene by PCR and had clinical information associated. The 

samples were non-duplicate and collected from different sources. A total of eight strains 

(42,1%) demonstrated an increase in the susceptibility rates and sixteen (84,2%) expressed 

efflux pumps. 

Conclusion: Decreasing antimicrobial resistance rates against quinolones and 

aminoglycosides was demonstrated by the addition of the PABN efflux pump inhibitor. 

Efflux pumps still have an important role in the emergence of multi-drug resistant strains of 

A. baumannii and may be useful as a complementary therapy for this pathogen.  

 

Keywords: Acinetobacter baumannii; Efflux Pump Inhibitors; Antimicrobial Resistance; 

Multidrug Resistance 
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INTRODUCTION: 

Acinetobacter spp comprehend gram-negative coccobacilli, non-fermentators, non-motile, 

oxidase negative, catalase positive and correspond to Moraxellaceae family (1). There are 

more than 51 genomic species, being 20 pathogenic and found in humans (2). A. baumannii, 

Acinetobacter calcoaceticus-Acinetobacter baumannii complex (ACB), A. nosocomialis and 

A. pitti comprehend an 90 to 95% of clinically significative infections (3). Recently, there 

have been many new species detected in humans, including A. seifertii, A. variabilis, A. 

proteolyticus, A. vivianii and A. modestus, which suggest a possible discovery of pathogenic 

species (2).  

Acinetobacter baumannii is an emerging nosocomial pathogen due to two main 

characteristics: drug resistance and environmental persistence. Commonly, health-care 

environments include prolonged periods of desiccation and routine disinfection regimes. 

Similar to antibiotic resistance, A. baumannii has adapted to those unfavourable scenarios 

developing mechanisms to resist disinfection, desiccation and oxidative stress (4). In 

addition, biofilms are likely to have an important role in the interactions of A. baumannii 

with its host, and biofilm formation contributes to medical-device-associated infection(4). 

The organism’s ability to survive, as previously detailed, makes it a frequent cause of 

outbreaks and, if not controlled, it’s presence as an endemic, health care–associated pathogen 

(5). Its clinical significance has been increasing in the last three decades (6). Microbiological 

surveillance trials have reported rates of multidrug resistance in A. baumannii of 

approximately 30% (7). Institutional outbreaks caused by multidrugresistant strains are a 

growing public-health concern (1). Between 2014 and 2016 there was an outbreak in INEN 
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(Instituto Nacional de Enfermedades Neoplásicas), of Acinetobacter spp, in which the rate 

for Acinetobacter spp. was 6.7%, 7.5% and 9.7% respectively.  

A. baumannii causes a range of nosocomial infections across multiple anatomical sites (4, 5, 

8-10). Usually infections manifest as ventilator-associated pneumonia or central-line-

associated bloodstream infections. Less frequently, A. baumannii causes infections in the 

skin and soft tissues and at surgical sites as well as catheter-associated urinary tract 

infections (5, 8-10). Risk factors for colonization or infection with multidrug-resistant 

Acinetobacter species include prolonged length of hospital stay, exposure to an intensive 

care unit (ICU), receipt of mechanical ventilation, colonization pressure, exposure to 

antimicrobial agents, recent surgery, invasive procedures, and underlying severity of illness 

(1, 5, 8, 9, 11-14). Attributable mortalities, in the hospital and in the intensive care unit, of 

patients with A. baumannii infection in six matched case-control studies ranged from 7.8% 

to 23% and from 10% to 43%, respectively (15).  

Several intrinsic and acquired resistance mechanisms  are expressed frequently in 

nosocomial strains of A. baumannii, including: increased production of antibiotic efflux 

pumps, (15) adaptive evolution that generates point mutations in target proteins to avoid 

antibiotic action, enzyme modification, degradation of antibiotics and reduction of 

membrane permeability (2). Overexpression of bacterial efflux pumps can decrease the 

concentration of β-lactam antibiotics in the periplasmic space. To cause clinical resistance 

in Acinetobacter, efflux pumps usually act in association with overexpression of AmpC β-

lactamases or carbapenemases. In addition to removing β-lactam antibiotics, efflux pumps 

can actively expel quinolones, tetracyclines, chloramphenicol, disinfectants, and tigecycline 

(9). The intrinsic resistance of these microorganisms can also be explained by the low 
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permeability of certain antibiotics through the outer membrane, the constitutive expression 

of some efflux pumps or the interplay between the two processes (16).  

Efflux transporters protect cells from the toxic effects of organic chemicals. Hence, bacterial 

multidrug resistance has often been associated with overexpression of these transporters. 

Antimicrobials expelled out need to cross the low permeability outer membrane; therefore 

the efflux pumps work synergistically with the low permeability of the outer membrane (16). 

The increased efflux of antibiotic from the bacterium produces a reduction in drug 

accumulation and rises the MIC. The most common antimicrobials expelled by the efflux 

pumps are macrolides, tetracyclines and quinolones(16). Efflux pumps usually have 3 

components: the pump itself, which lies in the cytoplasmic membrane; an exit portal (porin 

channels traversing the outer membrane); and a linker lipoprotein between the two (17).  

A. baumannii may contain more than six different transporter superfamilies capable of 

actively pumping out a broad range of antimicrobial and toxic compounds from the cell (18) 

Five distinct families of transport proteins have been shown to include multidrug efflux 

systems: the major facilitator superfamily, the resistance/nodulation/division superfamily, 

the ATP-binding cassette superfamily, the multidrug and toxic compound extrusion family, 

and the small multidrug resistance family (18). Recently, the proteobacterial antimicrobial 

compound efflux (PACE) family has been described as a sixth family of bacterial multidrug 

efflux systems (18). Active drug transporters can be divided into primary and secondary 

based on their energy requirements. Primary active transporters belong to the ATP-binding 

cassette (ABC) transporter superfamily which uses the energy from ATP hydrolysis to 

transport molecules across a membrane against the gradient. Secondary active transporters 

are ion-coupled transporters (Na+, H+, or metabolites) and include the 12–14 TM of major 

facilitator superfamily (MFS) efflux pump functioning as a component of a tripartite system, 
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the 4 TM and proton-coupled small multidrug resistance (SMR) family, the proteobacterial 

antimicrobial compound efflux (PACE) protein family, and the resistance-nodulation-cell  

division (RND) superfamily. Members of the multidrug and toxic compound extrusion 

(MATE) family function as drug/sodium or proton antiporters (2). RND-type transporters in 

particular are known to play a dominant role in the MDR of many Acinetobacter species(19). 

While the overexpression of Ade transporters is often beneficial to bacteria, this is not always 

the case; some Ade transporters, such as AdeABC, AdeFGH, and AdeIJK, can be toxic to 

cells when overexpressed, presumably because of changes to membrane integrity caused by 

transporter overexpression (20). To assess the role of drug efflux mechanism in bacteria, 

efflux pump inhibitors (EPIs) are widely used (21). The effects of several EPIs, including 

carbonyl cyanide m-chlorophenylhydrazone (CCCP), phenyl-arginine-β- naphthylamide 

(PAβN) (22) and 1-(1-napthylmethyl)-piperazine (NMP), as well as drugs that may impact 

bacterial efflux mechanisms, such as omeprazole, verapamil, reserpine and the 

phenothiazines [prochlorperazine (PCPZ) ,chlorpromazine (CPZ) and promazine (PMZ)] on 

the in vitro antimicrobial susceptibility of A. baumannii have been previously evaluated (23-

25). 

An outbreak of A. baumannii strains was studied previously in Lima, Peru(26), focusing in 

carbapenem resistance mechanisms, enzymes and international clones. However, efflux 

pump may have had an important role that was yet to be determined..  

The aim of this study is to evaluate efflux pump expression in Acinetobacter baumannii 

strains from a tertiary care hospital in Lima, Peru between 2014 and 2016. Specific 

objectives included antimicrobial susceptibility testing of the strains to quinolones and 

aminoglycosides by broth microdilution method; the evaluation of efflux pump activity by 
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the addition of phenylalanine arginine-β-naphthylamide; and description of clinical 

characteristics of patients with A. baumannii positive strains by PCR. 

 

  

 

 

 

MATERIALS AND METHODS 

1.1 Study and Samples  

This was a descriptive, cross-sectional study. Inclusion criteria were as following: PCR-

positive blaOXA51 strains, adequately preserved and linked to clinical record with complete 

data. Contaminated strains, which were not possible to isolate at strain level, were excluded 

from the study. Sixty Acinetobacter spp strains were recovered as an outbreak study and, 

after blaOXA-51 detection by PCR, nineteen were selected.  

by BD Phoenix™ Automated Microbiology System (BD Biosciences, USA) and collected 

from inpatients at Instituto Nacional de Enfermedades Neoplásicas (INEN) over a 24-months 

period (January 2014-December 2016) in Lima, Peru. Patients characteristics were collected 

from clinical records in a form and were coded to avoid identification. 

INEN is the main hospital in the country public system specialized on oncologic diseases 

and patients receive chemotherapy, radiation therapy and immunosuppressive drugs. 

Acinetobacter baumannii isolates were obtained from blood, bronchial aspirate, soft tissues, 

cerebrospinal fluid and urine. Samples were stored and frozen at -80°C, collected as routine 

internal surveillance programs.  
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Strains were recovered as part of an outbreak study (26) and selected strains further assessed 

by microbiological and molecular techniques at the Molecular Biology Laboratory, 

Universidad Peruana de Ciencias Aplicadas (UPC) and Instituto de Investigación 

Nutricional (IIN). 

1.1.1 Bacterial culture conditions and identification  

Clinical samples were cultured in tryptic soy agar (TSA) at 37°C for approximately 24 hours under 

aerobic conditions (10). The A. baumannii strain identification was confirmed by PCR of 

blaOXA-51-like gene  (27). Amplified products were gel recovered, purified (SpinPrepTM Gel 

DNA Kit, San Diego, USA) and sent to be sequenced (Macrogen, Seoul, Korea). 

All the bacteria isolated and included in the study are disposable for scientific non-

commercial purposes. 

 

 

1.1.1.1 Antimicrobial susceptibility testing 

Antimicrobial susceptibility to quinolones (nalidixic acid, levofloxacin, ciprofloxacin) and 

aminoglycosides (tobramycin, amikacin) was assessed by broth microdilution technique, 

according to 2018 Clinical and Laboratory Standards Institute (CLSI) guidelines (28) and as 

described by Gholami et al (29). Antibiotic powders were dissolved in an appropriate solvent 

or sterile deionized water according to the manufacturer’s recommendations. The test 

concentrations were 256 µg/mL, 128 µg/mL, 64 µg/mL, 32 µg/mL, 16 µg/mL, 8 µg/mL, 4 

µg/mL, 2 µg/mL, 1 µg/mL, 0.5 µg/mL, and 0.25 µg/mL. Each well of a 96-well microtiter 

plate contained a total volume of 100 µL of the antibiotic dilution and Müller-Hinton broth. 

Subsequently, the 0.5 McFarland suspension was diluted 1: 20 to yield 5 × 106 CFU/mL. 

When 0.01 mL of this suspension was inoculated into the broth, the final test concentration 

of the bacteria was approximately 5 × 105 CFU/mL. The correct density of the turbidity 
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standard was verified by measuring absorbance using a spectrophotometer at 625 nm. The 

samples were incubated at 37°C for 24 hours. The lowest concentration of the antibiotics 

that did not have visible bacterial growth was defined as the MIC(28, 29). Escherichia coli 

ATCC 25922 was used as a quality control strain. 

 

1.1.1.2 Eflflux Pump Inhibitor Evaluation 

The activity of the efflux pumps system was assessed by the addition of phenylalanine 

inhibitor of arginine-β-naphthylamide (PAβN) as previously assessed in other study (29). 

Following the addition of antimicrobial and the bacterial cell inoculum, 2 μL of the 5 mg/mL 

stock of PAΒN was added to the microplate wells (total volume, 100 µL). The rest of the 

procedures were carried out as previously described. To check the accuracy of the test and 

evaluate the effect of the PAΒN on the bacterial grow, all the bacteria were cultured in the 

Mueller Hinton broth, containing the PAΒN (100 µL/mL) (29). Efflux pump expression was  

 

based on a fourfold or greater reduction in the MIC as the criterion for significance as 

described in the literature (24, 30).  

 

1.1.1.3 Ethics Statement 

This study was performed on clinical laboratory isolates and the authors had no contact or 

interaction with the patients. Patients information was coded to collected to guarantee 

anonymity and confidentiality and their characteristics were assessed from their clinical 

records. Ethical approval was obtained from the Ethics Committee of the Instituto de 

Investigación Nutricional (IIN). 

 



8 
 

RESULTS 

A total of nineteen Acinetobacter spp. strains were included in the study, they were positive 

for blaOXA-51 gene by PCR, identifying them as A. baumannii.  

MIC Susceptibility profiles of the Acinetobacter baumannii strains included in this study are 

described in Table 1. Non-susceptibility rates were as following: tobramycin (6, 31.6%), 

ciprofloxacin (6, 31.6%), levofloxacin (4, 21.1%), nalidixic acid (5, 26.3%) and amikacin 

(3, 15.8%).  

Efflux pump expression was determined by the measurement of MIC according to 

previously described parameters.  A total of sixteen strains (84.2%) fulfilled the efflux pump 

expression criteria, from which eight strains (42.1%) demonstrated an increase in the 

susceptibility rates mainly in ciprofloxacin (n = 4; 21.1%). MIC decrease with PABN was 

higher for amikacin (n = 8; 42.1%) and nalidixic acid (n = 7; 36.8 %), followed by 

levofloxacin (n = 5; 26.3%), ciprofloxacin (n = 4; 21.1%) and tobramycin (n = 2; 11.0 %). 

 

According to this, susceptibility rates for amikacin changed from 84.2% (n=16) to 100% (n 

= 19); for tobramycin changed from 68.4% (n=13) to 79.0 % (n=15) and for nalidixic acid 

from 73.7% (n = 14) to 79.0% ( n= 15). 

Patients characteristics, including antimicrobial therapy, underlying disease and outcome, 

are described in Table 2. Patients were hospitalized either in medical, surgical wards or in 

the emergency department, most of them were (52.6%) female, had oncological diagnosis 

and almost all (except for one) received at least one carbapenem as treatment, however, the 

outcomes were poor and 68,6% resulted in death (n = 13, 68,6%). The mean of days at ICU  

were 8.7 days, with a minimum of zero days and maximum of 31 days. Antibiotic therapy 

was delayed in some cases, even with germ culture isolation available, maybe considered as 

colonization or delayed report to the clinician. Chemotherapy and immunosuppression due 



9 
 

to underlying diseases, combined to invasive procedures, provide the adequate environment 

for opportunistic A. baumannii colonization and infection. 

 

DISCUSSION 

According to Coyne et al, comparison of the resistance levels of a clinical A. baumannii 

MDR strains confirms that efflux is a major factor for resistance to various drug classes, 

including β-lactams, chloramphenicol, macrolides, tetracyclines, and aminoglycosides, with 

high-level resistance to fluoroquinolones requiring additional mechanisms, such as alteration 

of DNA type II isomerases (31). Cheng et al found that fluoroquinolones use predispose to 

a high colonization density of MDR in nasal and fecal specimens (32). Efflux pumps have 

an important role on developing Acinetobacter spp antimicrobial resistance, along with 

overexpression of AmpC, β-lactamases or carbapenemases (9). This is the case of the 

analysed strains, as they expressed oxacillinases (OXA-23, OXA-24 and OXA-143) in a 

previous study (26) along with efflux pumps. 

The role of several EPI has been assessed in a small number of in vitro studies, including 

CCCP, PABN(22) and NMP, along with other drugs that may impact efflux mechanisms 

(omeprazole, verapamil, reserpine, phenothiazines) (23-25). One of the best-studied EPIs is 

the peptidomimetic compound, phenylalanine-arginine b-naphthylamide (PABN, also called 

MC207, 110), which was originally described in 1999 and characterized in 2001 as a broad-

spectrum efflux pump inhibitor, capable of significantly reducing fluoroquinolone resistance 

(29) and permeabilizing membranes in P. aeruginosa (33). This is the first assessment of 

efflux pumps inhibitors in Acinetobacter baumannii strains in Peru, besides worldwide 

literature of PABN in Acinetobacter spp. strains is still limited.  
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In this study, efflux pumps expression was detected in sixteen of the strains (84.2%) as the 

MIC decreased in at least one antimicrobial compound, after the addition of PABN. Eight 

strains (42.1%) had MIC reduction for at least two antimicrobials and one isolate (5.3%) 

showed MIC decrease for three antibiotic agents. These results fulfilled the main objective 

of the present study. As for specific aims, the susceptibility profiles of the Acinetobacter 

baumannii strains included in this study are described in Table 1. Consistent with the 

findings of Peleg et al (34) and Valentine et al (30) the ciprofloxacin MICs for most of the 

A. baumannii isolates (7/19) did not change more than fourfold in the presence of PABN. 

This was also the case for the other antimicrobial agents in the present study. 

In addition, patients clinical characteristics evaluated (Table 2) and showed features that 

already have been identified as MDR Acinetobacter baumannii risk factors in other studies 

(12, 13), warning about the requirement for appropriate antimicrobial surveillance programs 

and infection control standards (1, 14). 

The results of the present study indicate that efflux pumps have a role in conferring MDR 

resistance in A. baumannii clinical isolates. Thus, efforts should be aimed at effectively 

detecting this pathogen and its resistance mechanisms in order to improve healthcare 

standards. Moreover, further research is needed to find more suitable, new compounds and 

effective therapies (2) against A. baumannii. Updated available data particularly support the 

development of efflux pump inhibitors for use in combination with antibiotics (29). Further 

studies are required to assess the efficacy and safety of such compounds alongside current 

therapy in order to decrease the burden of disease attributable to this successful pathogen. 
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7. TABLES 

Table 1. Susceptibility profiles of the Acinetobacter baumannii strains included in this 

studya. 

Strain 

MIC (µg/ml) (susceptibility rating) for indicated drug 

Antibiotic Antibiotic + PaβN 

TOB CIP LEV NA AK TOB CIP LEV NA AK 

Ac2 
0.5 
(S) 

0.5 (S) 8 (R) 128 (R) <0.25 (S) 1 (S) 0.25 (S) 2 (S)i 32 (R) 2 (S) 

Ac10 1 (S) 0.5 (S) 32 (R) 32 (R) <0.25 (S) 2 (S) 1 (S) 32 (R) 32 (R) 1 (S) 

Ac20 8 (I) 2 (I) 1 (S) 1 (S) <0.25 (S) 4 (S) 0.5 (S)i 4 (I) 4 (S) 
<0.25 

(S) 
Ac21 8 (I) <0.25 (S) <0.25 (S) 1 (S) 8 (S) 4 (S) 32 (R) 0.5 (S) 2 (S) 4 (S) 

Ac22 
0.5 
(S) 

0.25 (S) 2 (S) 16 (S) 4 (S) 
0.25 
(S) 

0.5 (S) 4 (I) 1 (S) 2 (S) 

Ac23 
64 
(R) 

8 (R) 0.25 (S) 0.5 (S) 16 (S) 64 (R) 2 (I)i 0.25 
(S) 

2 (S) 4 (S) 

Ac24 
0.5 
(S) 

2 (I) 0.5 (S) 1 (S)  32 (I) 1 (S) 0.25 (S)i 0.25 
(S) 

0.5 (S) 16 (S) 

Ac25 
32 
(R) 

0.5 (S) 1 (S) 0.25 (S) 32 (I) 16 (R) 0.25 (S)
0.25 
(S) 

0.5 (S) 4 (S)i 

Ac26 
0.25 
(S) 

8 (R) 0.5 (S) 64 (R) <0.25 (S) 2 (S) 16 (R) 1 (S) 32 (R) 
<0.25 

(S) 

Ac27 
0.5 
(S) 

1 (S) 0.25 (S) 64 (R) 16 (S) 4 (S) 2 (I) 
0.25 
(S) 

8 (S)i 4 (S) 

Ac28 
0.25 
(S) 

4 (R) 2 (S) 16 (S) <0.25 (S) 4 (S) 
<0.25 
(S)i 0.5 (S) 16 (S) 1 (S) 

Ac29 
0.5 
(S) 

2 (I) 1 (S) 64 (R) 32 (I) 4 (S) 2 (I) 1 (S) 32 (R) 4 (S)i 

Ac30 2 (S) 0.5 (S) 1 (S) 2 (S) 0.5 (S) 0.5 (S) 0.25 (S)
<0.25 

(S) 
0.5 (S) 0.25 (S) 

Ac39 
<0.25 

(S) 
<0.25 (S) 2 (S) 2 (S) 1 (S) 

<0.25 
(S) 

<0.25 
(S) 

0.5 (S) 
0.25 
(S) 

0.5 (S) 

Ac41 
16 
(R) 

<0.25 (S) 1 (S) 4 (S) 2 (S) 16 (R)
<0.25 

(S) 
2 (S) 2 (S) 

<0.25 
(S) 

Ac46 
16 
(R) 

<0.25 (S) 0.25 (S) 4 (S) <0.25 (S) 8 (I) 0.25 (S)
<0.25 

(S) 
1 (S) 0.25 (S) 

Ac50 1 (S) <0.25 (S) <0.25 (S) 0.25 (S) 16 (S) 0.5 (S) 4 (R) 
<0.25 

(S) 
0.25 
(S) 

<0.25 
(S) 
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a TOB, tobramycin; CIP, ciprofloxacin; LEV, levofloxacin; NA, nalidixic acid; AK, 

amikacin; R, resistant; S, susceptible; I, intermediate. i: change of susceptibility 

interpretation according to CLSI 2018 MIC Values 

Bold: four fold change in MIC 

Table 2. Clinical characteristics of patients with positive Acinetobacter baumannii isolates 

Isolate 
Date of 
isolation 

Age Sex Ward Underlying disease 
Site of 

Isolation
Treatment Outcome 

Hospi
talizat

ion 
date 

Antibiot
ic 

Therapy 
Date 

Days 
at 

ICU 
Procedence 

2 
10.02.2

015 
17 Male ED Nasal Lymphoma 

Blood 
Culture 

AMC, MEM, 
TZP, VAN, 

COL 
Dead 

25/01
/2016 

26/01/20
16 

14 Lima 

10 
09.12.2

015 
38 Male MOD 

Acute 
Lymphoblastic 

Leukemia 

Blood 
Culture 

MEM, TZP, 
VAN, MTZ, 

LZ, COL 
Cure 

20/08
/2015 

25/09/20
15 

0 Lima 

20 
15.12.1

6 
54 

Femal
e 

MOD 
Gastric Non-
Hodgkin T 
Lymphoma 

Blood 
Culture 

MEM, SXT, 
VAN 

Dead 
19/04
/2015 

21/04/20
15 

30 Ancash 

21 
15.12.2

016 
19 

Femal
e 

MOD 
Acute 

Lymphoblastic 
Leukemia 

Blood 
Culture 

MEM, SXT, 
VAN 

Dead 
8/02/
2016 

9/12/201
6 

0 Ica 

22 
27.09.2

015 
10 Male PD 

T Cell Acute 
Lymphoblastic 

Leukemia 

Blood 
Culture 

MEM, SXT, 
VAN, COL 

Dead 
24/09
/2015 

27/09/20
15 

14 San Martin 

23 
15.07.2

015 
52 Male MOD 

Acute Myeloid 
Leukemia (M1) 

Blood 
Culture 

MEM, MTZ, 
VAN 

Dead 
2/07/
2015 

3/07/201
5 

0 Lima 

24 
09.03.2

015 
75 Male TS 

Diffuse Large B-
Cell Non-Hodgkin 

Lymphoma 

Blood 
Culture 

MEM, MTZ, 
LZ, VAN 

Dead 
9/02/
2015 

1/03/201
5 

12 Lima 

25 
30.03.2

015 
58 

Femal
e 

MOD 
Acute Myeloid 

Leukemia 
Blood 

Culture 
MEM, TZP, 

VAN 
Dead 

24/03
/2015 

24/03/20
15 

2 Cajamarca 

26 
05.08.2

015 
37 Male ED Scrotal Cancer 

Soft 
Tissue 

MTZ, CIP Cure 
15/07
/2015 

15/07/20
15 

0 Cuzco 

27 
01.03.2

015 
35 Male MOD Xanthoastrocytoma

Blood 
Culture 

MEM, VAN Cure 
31/12
/2014 

14/01/20
15 

2 Amazonas 

28 
23.11.2

015 
63 Male HN 

Diffuse Large B-
Cell Non-Hodgkin 

Lymphoma 

Blood 
Culture 

FEP Cure 
25/10
/2015 

25/10/20
15 

0 Lima 

29 
17.03.2

015 
10 

Femal
e 

PD 
Acute 

Lymphoblastic 
Leukemia 

Blood 
Culture 

MEM, TZP Cure 
9/03/
2016 

14/03/20
16 

0 La Libertad 

30 
04.04.2

015 
49 

Femal
e 

MOD 
Diffuse Large B-

Cell Non-Hodgkin 
Lymphoma 

Bronchi
al 

Secretio
n 

MEM, TZP, 
SXT, LZ 

Dead 
25/03
/2015 

27/03/20
14 

12 Lima 

39 
05.07.2

015 
8 

Femal
e 

PD 
Acute 

Lymphoblastic 
Leukemia 

Blood 
Culture 

MEM, STX, 
VAN 

Dead 
30/05
/2014 

30/05/20
14 

20 Tacna 

41 
27.06.2

014 
47 

Femal
e 

MOD 
Mixed Phenotype 
Acute Leukemia 

Blood 
Culture 

MEM, TZP, 
VAN 

Dead 
7/06/
2014 

7/06/201
4 

5 Apurimac 

46 
19.03.2

015 
2 

Femal
e 

PD 
B Cell Acute 

Lymphoblastic 
Leukemia 

Blood 
Culture 

MEM, MTZ, 
VAN 

Dead 
6/02/
2015 

15/02/20
15 

0 Puno 

Ac54 4 (S) 1 (S) 4 (I) 2 (S) <0.25 (S) 1 (S) 1 (S) 2 (S) 
0.25 
(S) 

4 (S) 

Ac55 4 (S) 0.5 (S) 4 (I) 2 (S) 1 (S) 4 (S) 0.5 (S) 4 (I) 2 (S) 
<0.25 

(S) 
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50 
23.03.2

015 
30 

Femal
e 

ED 
Cavernous sinus 

tumor 
Blood 

Culture 
MEM, VAN Dead 

20/02
/2015 

20/02/20
15 

21 Lima 

54 
01.06.2

015 
61 Male ED Prostate Cancer 

Bronchi
al 

Secretio
n 

MEM, COL Cure 
18/05
/2015 

7/06/201
5 

31 Junin 

55 
02.09.2

015 
63 

Femal
e 

ED 
Colorrectal Cancer 
and Endometrial 
Adenocarcinoma 

Blood 
Culture 

MEM, VAN, 
LZ 

Dead 
14/07
/2015 

14/07/20
15 

3 Junin 

ED, Emergency Department; MOD, Medical Oncology Department; PD, Pediatrics 

Department; HN, Head and Neck Surgery Department; TS, Thoracic Surgery Department. 

AMC, amoxicillin-clavulanic acid; MEM, meropenem; TZP, piperacillin/tazobactam; VAN, 

vancomycin; MTZ, metronidazole; COL, colistin; CIP, ciprofloxacin, LZD, linezolide; FEP, 

cefepime; SXT, trimethoprim-sulfamethoxazole.  


