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Abstract

Objective: Acinetobacter baumannii is an important emerging cause for extensively-drug resistant (XDR)hospital associated infections (HAIs) in pediatric intensive care units (PICU). The study was done to evaluatethe risk factors, outcome, antibiotic sensitivity pattern, and predictors of mortality in critically ill childrenwith XDR A. baumannii infection.
Methods: Retrospective case control study, done in the PICU of a tertiary care pediatric hospital of India fromApril 2010 to March 2012.
Findings: Eighty-five children who developed XDR A. baumannii infection matched to 170 controls. Majority(76%) of the organisms were isolated from endotracheal lavage. The mortality rate was 28.2% (24/85). Thefactors found to be significantly associated with A. baumannii infection were prior use of broad-spectrumantibiotics, major surgeries done, prolonged PICU stay, use of central venous catheters, and mechanicalventilation. The predictors of mortality associated with A. baumannii infection were acute kidney injury,presence of septic shock, and disseminated intravascular coagulopathy. Colistin found to be the single mosteffective drug against XDR A. baumannii infection.
Conclusion: XDR A. baumannii infections are associated with high morbidity and mortality in critically illchildren. Early diagnosis and treatment are crucial. Implementation of infection control practices and rationaluse of antibiotics are required to control such infections.

Iranian Journal of Pediatrics, Volume 24 (Number 5), October 2014, Pages: 569-574

Key Words: Acinetobacter Baumannii; Extensively-Drug Resistant; Hospital Associated Infection; Children
Introduction

Acinetobacter baumannii (A. baumannii) is a gram-negative coccobacillus and ubiquitous micro-organism that has become an important pathogenfor hospital associated infections (HAIs),particularly in intensive care units (ICUs)[1,2].Although classically described as a HAIs pathogenin adults, A. baumannii is emerging as animportant pathogen in children. Its rapid

acquisition of a wide variety of antibiotic resistantgenes has caused serious therapeutic problemsworldwide[3].Nosocomial infection with A. baumannii resultsin pneumonia, bacteraemia, meningitis, andurinary tract infection[4,5]. Several factors havebeen associated with A. baumannii infectionincluding ICU admission, mechanical ventilation,invasive procedures, and the use of broad-spectrum antimicrobials[6]. The emergence of
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extensively drug resistant strains poses a greathealth hazard.The aim of this study was to evaluate the riskfactors, outcome, antibiotic sensitivity pattern, andpredictors of mortality in critically ill childrenwith A. baumannii infection in the PediatricIntensive Care Unit (PICU) of a tertiary carepediatric hospital.
Subjects and MethodsThis retrospective case control study wasconducted in the 12 bedded PICU of Maulana AzadMedical College and associated Chacha Nehru BalChikitsalaya, Delhi (India) from April 2010 toMarch 2012 (two years).
Inclusion criteria: A case was defined as any childhospitalized in the PICU during the study periodthat developed A. baumannii infection confirmedby laboratory examination. Other childrenhospitalized during the same period in the PICUwith no diagnosis of infectious syndrome form thecontrols. The controls were selected at random.
Exclusion criteria: (1) Patients with poly-microbialinfection in addition to A. baumannii infection; and(2) Patients who left against medical advice(LAMA).
Data extraction: An individual record wasobtained from the medical health records, whichincluded possible predisposing factors such as age,gender, duration of PICU stay, use of broad-spectrum antibiotics, presence of septic shock andother co-morbid conditions, duration ofmechanical ventilation, use of a central orperipheral venous catheter, urinary catheters, andmajor surgical procedures if any.

A. baumannii infection was diagnosed inpatients with clinical evidence of infection withone or more isolates of A. baumannii from clinicalsample.Standard definitions for HAIs used according tothe Centre for Disease Control and Prevention[7].Pneumonia defined if there was isolation of
A. baumannii from pulmonary secretions withconcurrent infiltrates on chest radiography andclinical signs and symptoms of infection.Ventilator-associated pneumonia (VAP)diagnosed based on Centre for Disease Control

and Prevention clinical, radiographic, andmicrobiologic criteria[7].All children were diagnosed with AKI based onAcute Kidney Injury Network (AKIN) criteria[8].Septic shock defined as the presence of sepsisand cardiovascular organ dysfunction[9].The A. baumannii isolates divided into thefollowing drug resistance categories[10]:
Multi-drug resistant (MDR) defined as acquirednon-susceptibility to at least one agent in three ormore antimicrobial categories (namely,aminoglycosides, antipseudomonal carbapenems,antipseudomonal fluoroquinolones,antipseudomonal penicillins+β-lactamaseinhibitors, extended-spectrum cephalosporins,folate pathway inhibitors, penicillins+β-lactamaseinhibitors, polymyxins, tetracyclines)
Extensively drug resistant (XDR) defined as non-susceptibility to at least one agent in all but two orfewer antimicrobial categories (i.e. bacterialisolates remain susceptible to only one or twocategories).

Pan-drug resistant (PDR) defined as non-susceptibility to all agents in all antimicrobialcategories.Blood cultures obtained in Bactec culturebottles, other sterile body fluids obtained in sterilecontainers before starting antibiotics insymptomatic cases, and subcultures were done onMacConkey's medium for further colony growth.The organism was identified by the Vitek-2compact system. Antimicrobial susceptibility tocolistin tested with the disk diffusion methodfollowing Clinical Laboratory Standards Instituteguidelines[11]. Repeat cultures were taken whenantibiotics changed due to poor response. In vitrosensitivities were carried out using disc methodfor the following antibiotics: Imipenem,meropenem, piperacillin-sulbactam, colistin,trimethoprim-sulphamethoxazole,chloramphenicol, amikacin, gentamicin, netilmicin,ceftriaxone, cefotaxime, cefepime, ceftazidime,ciprofloxacin, levofloxacin, and ampicillin-sulbactum.The primary outcome was all cause mortality(death at any time during the PICU admission) andsecondary outcomes were risk factors forAcinetobacter infection, antimicrobial resistanceand their sensitivity pattern and the predictors ofmortality.Categorical variables were compared by using
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Table 1: Characteristics and risk factors of the study group
Parameter

Cases
(n=85)

Controls
(n=170)

P-value*

Age (months) (mean±standard deviation) 24.6 (36.4) 28.2 (34.7) 0.6
Male : Female 56:29 92:78 0.07
Previous Hospitalization 32 43 0.06
Major Surgeries 06 01 0.006
Prior use of Broad Spectrum Antibiotics 84 152 0.003
PICU stay (days) (mean ± standard deviation) 25.3 (13.7) 13.4 (9.7) 0.0001
Use of Central Venous Catheters 79 127 0.0002
Mechanical Ventilation required 78 119 0.00004
Urinary Catheters 84 161 0.1
Intercostal Drainage tubes 6 17 0.5

the likelihood ratio test or, when appropriate,Fisher's exact test. The Student’s t-test or theWilcoxon Rank-Sum Test for non-parametricdistributions analyzed continuous variables. Alltests were two-tailed with P<0.05 consideredsignificant.
FindingsDuring the study period, there were 1022admissions in the PICU. Out of these, 90 childrenhad symptomatic A. baumannii infection. Of these(90), three patients went LAMA and two grewother bacteria and hence excluded from the study.Finally, 85 (8.3%) infected children formed thecase group and compared with 170 matchedcontrols. The study patients' characteristics andrisk factors are shown in Table 1.The factors found to be significantly associatedwith A. baumannii infection were prior use ofbroad-spectrum antibiotics, major surgeries done,prolonged PICU stay, use of central venouscatheters and mechanical ventilation, whencompared to the control group (P<0.05).In the case group, primary diagnosis atadmission was pneumonia (72.9%), bloodstream

infection (21.1%), meningitis (3.5%), andempyema thoracis (2.3%). Six children hadundergone major surgeries for posteriormediastinal teratoma, esophageal stricture, leftlobectomy with congenital cystic adenoidmalformation, ileal perforation, intestinalperforation, and jejunal atresia.
A. baumannii was isolated from 92 cultures in85 patients. Majority (76%) of the organismsisolated from endotracheal lavage (Table 2). In ourstudy majority (79/85) of A. baumannii isolateswere XDR, and six were MDR. Empirical antibiotictherapy given to all according to hospitalantibiotic policy, later antibiotic was changedaccording to culture sensitivity. The meanduration of antibiotics before Acinetobacterculture positivity was 17.4±9.3 days.The strains of A. baumannii found to be highlyresistant to several of the antimicrobial drugsexamined (Table 3). In vitro, antimicrobialsusceptibility showed 95.6% (88/92) sensitivityto colistin. Only 5.5% were sensitive to carbe-penems. Piperacillin-sulbactam, ciprofloxacin andgentamicin showed 3.2% susceptibility each.Third and fourth generation cephalosporinsshowed 100% resistance. The mortality rate insurgical patients was 50% (3/6). The overallmortality was 28.2 % (24/85). The predictors ofmortality associated with A. baumannii infection

Table 2: A. baumannii isolation sites
Site Number (n=92) %
Endotracheal lavage 70 76
Blood 15 16.4
Urine 5 5.5
Pleural fluid 2 2.1
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Table 3: Antimicrobial susceptibility of A. baumannii isolates
Drugs Sensitive

Intermediate
sensitive

Resistant
(%)

Ampicillin-sulbactum 0 0 92 (100%)
Ceftriaxone 0 0 92 (100%)
Cefotaxime 0 0 92 (100%)
Cefipime 0 0 92 (100%)
Ceftazidime 0 0 92 (100%)
Netilmicin 0 0 92 (100%)
Levofloxacin 0 0 92 (100%)
Trimethoprim-sulphamethoxazole 1 0 91 (98.9%)
Chloramphenicol 1 0 91 (98.9%)
Ciprofloxacin 2 1 89 (96.7%)
Gentamicin 2 1 89 (96.7%)
Piperacillin-sulbactum 2 1 89 (96.7%)
Imipenem 2 3 87 (94.5%)
Meropenem 3 2 87 (94.5%)
Colistin 92 0 0

were acute kidney injury, presence of septic shock,and disseminated intravascular coagulopathy(DIC) (Table 4).
DiscussionAcinetobacter species have become an importantculprit in HAIs and in recent years, have displayedincreasing resistance to a broad range ofantimicrobials[12]. Even though outbreaks causedby A. baumannii described in medical and surgical

wards, ICUs are the most frequently affected areasas patients admitted in ICUs usually need moreinvasive procedures for longer periods, andfrequently receive treatment with antimicro-bials[13].We reported a mortality rate of 28.2% ( 24/85).Previous studies have reported mortality rangingfrom 17% to 63%[14-17]. Mortality rates werehigher (50%) in surgical patients, which may bedue to the prolonged ventilator support requiredby these patients and the post-operative broad-spectrum use of antibiotics. Pneumonia was themost common clinical presentation in our study,similar to other reports[15,18].
Table 4: Characteristics of patients with A. baumannii infection

Parameter
Survived

(n=61)
Expired
(n=24)

P-value

Age(months) (mean±standard deviation) 25.3 (34.1) 23.2 (35.4) 0.9
Age ≤1 year 18 31 0.05
Male:Female 14:10 42:19 0.4
Previous hospitalization (n=32) 11 21 0.3
Major surgeries (n=6) 03 03 0.3
Prior use of broad spectrum antibiotics (n=84) 24 60 0.7
PICU stay(days) (mean±standard deviation) 28.3 (14.5) 20.1 (10.4.) 0.4
Use of central venous catheters (n=79) 23 56 0.6
Mechanical ventilation required (n=78) 24 54 0.2
Shock (n=58) 23 35 0.0002
Disseminated intravascular coagulopathy (DIC) 13 11 0.001
Acute kidney Injury 7 4 0.01
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The known risk factors for A. baumanniiinfection are invasive procedures and the use ofbroad-spectrum antimicrobials[13]. In consistenceto these, we found major surgeries done, use ofcentral venous catheters, mechanical ventilation,and use of broad-spectrum antibiotics to bestatistically significant risk factors. However, useof urinary catheters and intercostal drainage tubeswere not statistically associated withAcinetobacter infection as shown by others[18].Acinetobacter has the ability to survive for longperiods on inanimate surfaces in the patient’svicinity thereby providing a constant source ofinfection [19]. Longer the PICU stay, the more theexposure and hence this has been reported as arisk factor as in other studies[20,21].Previous studies have shown risk factorsassociated independently with poor prognosisbeing severity of the underlying disease,pneumonia, inappropriate antimicrobialtreatment, recent surgery, mechanical ventilation,acute renal failure, septic shock, and DIC[14,17,22,23],the last three of which also found to be statisticallysignificant in our study.The emergence of XDR A. baumannii is atherapeutic problem world over. Studies haveshown that the antibiotic susceptibility rates forAcinetobacter have decreased over the years[13].The known resistance mechanisms of A.
baumannii to antimicrobials are the production ofbroad-spectrum β-lactamases, aminoglycoside-modifying enzymes, and changes in outermembrane porins and alterations in penicillin-binding proteins (PBP)[24]. For MDR/XDRinfections in resource-limited settings, the onlyavailable therapeutic option is polymyxin[12].Tigecycline, a glycylcycline antibiotic, has good invitro activity against PRA, but is very costly andnot readily available in developing countries[24].A very recent (prospective, multicenter)American study of nosocomial blood streaminfections due to Acinetobacter species (including
A. baumannii) showed only 10%  multi-drugresistance while the overall susceptibility forcarbapenems was as high as 95.2%[25]. In contrastto this, carbapenems showed only 5.4% sensitivityin our study and colistin found to be the mosteffective drug, being sensitive in 95% of cases.PDR is being increasingly reported[26,27] andtherefore to confront the imminent threat ofuntreatable infection caused by this organism, an

appropriate antibiotic strategy should beaddressed, and strict compliance with basic andpotential control measures for the containment ofinfection should be instituted.We believe that our study adds informationregarding XDR A. baumannii infection in criticallyill children. Large multi-centric randomizedcontrolled trials are needed for further riskstratification of this bacterium. Limitations of thisstudy are that since this is a retrospectivestudy we were not able to evaluate all variables.Prospective studies are warranted.
ConclusionThe present study is unique in evaluating riskfactors as well as predictors of mortality amongcritically ill children with XDR mono-microbialinfection caused by A. baumannii. The highresistance rates found in this study may beassociated with the high frequency at which theseantimicrobial drugs are used for both prophylacticand therapeutic treatment of hospitalizedchildren. Continuous bacteriological surveillance,early diagnosis, rational use of antibiotics toprevent drug resistance, and strict use of infectioncontrol policies are required.
Acknowledgment

The authors thank Dr. Anup Mohta, Director (CNBC) and
Prof. Bibek Talukdar, Head of the Department, Pediatrics
(CNBC) for their contribution and support.

Authors’ ContributionAll authors have equally contributed for the concept / design,collection/analysis of data, and preparation/critical revision ofthe manuscript.
Conflict of Interest: None
References1. Wang SH, Sheng WH, Chang YY, et al. Healthcareassociated outbreak due to pan-drug resistantAcinetobacter baumannii in a surgical intensive careunit. J Hosp Infect 2003; 53(2):97-102.



574 Risk Factors and Predictors of Mortality in XDR Acinetobacter Baumannii Infection in a PICU

Iran J Pediatr; Vol 24 (No 5), Oct 2014

Published by: Tehran University of Medical Sciences (http://ijp.tums.ac.ir)

2. Pillay T, Pillay DG, Adhikari M, et al. An outbreak ofneonatal infection with Acinetobacter linked tocontaminated suction catheters. J Hosp Infect 1999;43(4):299-304.3. Huang LY, Chen TL, Lu PL, et al. Dissemination ofmultidrug-resistant, class 1 integron-carryingAcinetobacter baumannii isolates in Taiwan. Clin
Microbiol Infect 2008; 14(11):1010-9.4. McDonald LC, Walker M, Carson L, et al. Outbreak ofAcinetobacter spp. bloodstream infections in anursery associated with contaminated aerosols andair conditioners. Pediatr Infect Dis J 1998; 17(8):716-22.5. Bergogne-Berezein E, Towner KJ. Acinetobacter spp.as nosocomial pathogens: microbiological, clinical,and epidemiological features. Clin Microbiol Rev1996; 9(2):148-65.6. Cisneros JM, Rodriguez-Bano J. Nosocomialbacteremia due to Acinetobacter baumannii:epidemiology, clinical features and treatment. Clin
Microbiol Infect 2002; 8(11):687- 93.7. Horan TC, Andrus M, Dudeck MA. CDC/NHSNsurveillance definition of health care-associatedinfection and criteria for specific types of infectionsin the acute care setting. Am J Infect Control 2008;36(5): 309-32.8. Akcan-Arikan A, Zappitelli M, Loftis LL, et al.Modified RIFLE criteria in critically ill children withacute kidney injury. Kidney Int 2007; 10(10):1028-35.9. Goldstein B, Giroir B, Randolph A. Internationalpediatric sepsis consensus conference: Definitionsfor sepsis and organ dysfunction in pediatrics.
Pediatr Crit Care Med 2005; 6(1).2-8.10. Magiorakos AP, Srinivasan A, Carey RB, et al.multidrug-resistant, extensively drug-resistant andpan-drug resistant bacteria: an international expertproposal for interim standard definitions foracquired resistance. Clin Microbiol Infect 2012;18(3):268-81.11. National Committee for Clinical LaboratoryStandards. Performance standards for antimicrobialsusceptibility testing: Approved standard. M100-S11. NCCLS, Wayne, Pa: 2008.12. Hu J, Robinson JL. Systematic review of invasiveAcinetobacter infections in children. Can J Infect Dis
Med Microbiol 2010; 21(2):83-8.13. Soroush S, Haghi-Ashtiani MT, Taheri-Kalani M, et al.Antimicrobial resistance of nosocomial strain ofAcinetobacter baumannii in Children’s MedicalCenter of Tehran: A 6-year prospective study. Acta
Med Iran 2010; 48(3):178-84.14. Seifert H, Strate A, Pulverer G. Nosocomialbacteremia due to Acinetobacter baumannii. Clinical

features, epidemiology, and predictors of mortality.
Medicine (Baltimore) 1995; 74(6):340-9.15. Lin SY, Wong WW, Fung CP, et al. Acinetobactercalcoaceticus-baumannii complex bacteremia:analysis of 82 cases. J Microbiol Immunol Infect1998; 31(2): 119-24.16. Chen HP, Chen TL, Lai CH, et al. Predictors ofmortality in Acinetobacter baumannii bacteremia.
J Microbiol Immunol Infect 2005; 38(2):127-36.17. Leepethacharat K, Oberdorfer P. Acinetobacterbaumannii Infection and colonization amongpediatric patients at Chiang Mai University Hospital.
J Infect Dis Antimicrob Agents 2007;24(2):63-73.18. Levin AS, Levy CE, Manrique AE, et al. Severenosocomial infections with imipenem-resistantAcinetobacter baumannii treated withampicillin/sulbactam. Int J Antimicrob Agents 2003;21:58-62.19. Wendt C, Dietze B, Dietz E, et al. Survival ofAcinetobacter baumannii on dry surfaces. J Clin
Microbiol 1997; 35(6):1394-7.20. Lee SO, Kim NJ, Choi SH, et al. Risk factors foracquisition of imipenem-resistant Acinetobacterbaumannii: a case-control study. Antimicrobi Agents
Chemother 2004; 48(1):224-8.21. Moreno S, Vicente T, Armas M, et al. Nosocomialbacteremia caused by Acinetobacter. Enferm Infec
Microbiol Clin 1990; 8(10):606-9.22. Tilley PA, Roberts FJ. Bacteremia with Acinetobacterspecies: risk factors and prognosis in differentclinical settings. Clin Infect Dis 1994; 18(6):896-900.23. Landman D, Geogescu C, Martin DA, et al.Polymyxins revisited. Clin Microbiol Rev 2008;21(3): 449-65.24. Karageorgopoulos DE, Kelesidis T, Kelesidis I, et al.Tigecycline for the treatment of multidrug-resistant(including carbapenem-resistant) Acinetobacterinfections: a review of the scientific evidence.
J Antimicrob Chemother 2008; 62(1):45-55.25. Wisplinghoff H, Paulus T, Lugenheim M, et al.Nosocomial bloodstream infections due toAcinetobacter baumannii, Acinetobacter pitii andAcinetobacter nosocomialis. J Infect 2012;64(3):282-90.26. Al-Sweih NA, Al-Hubail MA, Rotimi VO. Emergenceof tigecycline and colistin resistance inAcinetobacter species isolated from patients inKuwait hospitals. J Chemother 2011; 23(1):13-6.27. Taneja N, Singh G, Singh M, et al. Emergence oftigecycline & colistin resistant Acinetobacterbaumanii in patients with complicated urinary tractinfections in north India. Indian J Med Res 2011;133:681-4.


