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ABSTRACT 39 

WORD COUNT:  277 40 

Introduction: Acinetobacter baumannii is a top priority pathogen of the World Health 41 

Organization and the Centers for Disease Control due to antibiotic resistance. 42 

Gap Statement: Trends in A. baumannii resistance rates that include community isolates are 43 

unknown. 44 

Aim: Identify trends in A. baumannii resistance rates across the Veterans Affairs (VA) Healthcare 45 

System including isolates from patients treated in hospitals, long-term care facilities, and 46 

outpatient clinics nationally. 47 

Methodology: We included A. baumannii clinical cultures collected from VA patients from 2010-48 

2018. Cultures were categorized by location: VA medical center (VAMCs), long-term care (LTC) 49 

units (community living centers [CLCs]), or outpatient. We assessed carbapenem-resistance, 50 

multidrug-resistance (MDR), and extensive drug-resistance (XDR). Time trends were assessed 51 

with Joinpoint regression.  52 

Results: We identified 19,376 A. baumannii cultures (53% VAMCs, 4% CLCs, 43% outpatient). 53 

Respiratory cultures were the most common source of carbapenem-resistant (43%), MDR (49%), 54 

and XDR (21%) isolates. Over the study period, the number of A. baumannii cultures decreased 55 

significantly in VAMCs (11.9% per year). In 2018, carbapenem resistance was 28% in VAMCs 56 

and 36% in CLCs, and only 6% in outpatient isolates, while MDR was 31% in VAMCs and 36% 57 

in CLCs, and only 8% in outpatient isolates. Carbapenem-resistant, MDR, and XDR A. baumannii 58 

isolates decreased significantly in VAMCs and outpatient clinics over time (VAMCs: by 4.9%, 59 

7.2%, and 6.9%; outpatient: by 11.3%, 10.5%, 10.2% per year). Resistant phenotypes remained 60 

stable in CLCs.  61 

Conclusion: In the VA nationally, prevalence of A. baumannii is decreasing, as is resistance. 62 

Carbapenem-resistant and MDR A. baumannii remain common in VAMCs and CLCs. The focus 63 
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of infection control and antibiotic stewardship efforts to prevent transmission of resistant A. 64 

baumannii should be in hospital and LTC settings. 65 

  66 
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INTRODUCTION 67 

Acinetobacter baumannii is a major cause of nosocomial infections, including pneumonia, 68 

bloodstream, and urinary tract infections. A. baumannii infections typically occur among patients 69 

with substantial healthcare exposures, in particular, those who are in intensive care units, have 70 

prolonged lengths of stay, are on mechanical ventilation, have indwelling catheters, and are 71 

treated with broad-spectrum antibiotics.(1) Through a variety of mechanisms, A. baumannii can 72 

develop resistance to most antibiotic classes including fluoroquinolones, aminoglycosides, 73 

cephalosporins, carbapenems, and ampicillin-sulbactam.(1) Unfortunately, most A. baumannii 74 

isolates are resistant to many of these antibiotics, leading to multidrug-resistance (MDR), which 75 

are difficult to treat infections with limited treatment options (2) For resistant infections, 76 

carbapenems have become the treatment of choice, however the emergence of carbapenem-77 

resistant A. baumannii has further narrowed treatment options. Due to their healthcare burden, 78 

high morbidity  and mortality, and limited treatability, MDR and carbapenem-resistant 79 

Acinetobacter have been identified as top priority pathogens by the World Health Organization 80 

and the Centers for Disease control and Prevention (CDC).(3-5)  The CDC has reported that each 81 

year in the United States there are at least 7,300 MDR Acinetobacter infections with 500 resultant 82 

deaths, and 8,500 carbapenem-resistant Acinetobacter infections with 700 resultant deaths 83 

among hospitalized patients.(4, 6) 84 

 85 

While A. baumannii is primarily a healthcare-associated pathogen, there have been growing 86 

reports of patients with severe infections in the community setting without any prior health care 87 

exposure.(7-9) Risk factors for community-acquired infection include smoking, alcoholism, 88 

chronic obstructive pulmonary disease, diabetes mellitus, and renal disease.(1, 10) Community-89 

acquired A. baumannii may be less drug-resistant than hospital-acquired strains, but community-90 

acquired infections have been associated with increased mortality (odds ratio, 5.72; 95% 91 

confidence interval, 1.02–32).(11) Despite the growing clinical importance of A. baumannii in the 92 
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community, large scale surveillance of A. baumannii antibiotic resistance rates often do not 93 

include community isolates.(12-14) As such, the objective of this study was to identify trends in 94 

A. baumannii resistance rates across the Veterans Affairs (VA) Healthcare System including 95 

isolates from patients treated in hospitals, long-term care facilities, and outpatient clinics 96 

nationally. 97 

 98 

METHODS 99 

We conducted a retrospective longitudinal assessment of annual trends in A. baumannii 100 

resistance rates among clinical cultures. The study was approved by the Institutional Review 101 

Board (IRB) and the Research and Development (R&D) Committee of the Providence Veterans 102 

Affairs Medical Center prior to initiation. 103 

 104 

Data sources.  105 

We used national VA clinical and administrative data accessed through the VA Informatics and 106 

Computing Infrastructure (VINCI) for this study. We extracted data including: inpatient and long-107 

term care admissions, outpatient visits, and microbiology results. We captured all microbiology 108 

results that were entered into the electronic medical record over the study period. Total annual 109 

VA inpatient admissions and outpatient visits were captured from the Veterans Health 110 

Administration Support Services Center.  111 

 112 

Population. 113 

We included all A. baumannii clinical cultures collected from VA patients (>18 years) in VA 114 

medical centers (VAMCs), long-term care units/ facilities (known as community living centers 115 

[CLCs]), and outpatient clinics from January 1, 2010 and December 31, 2018. We included 116 

cultures collected from all body sites, categorized into respiratory, blood, urine, skin and tissue, 117 

and cultures from other sources were grouped as “other”. 118 
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 119 

Measures. 120 

We evaluated the annual count of A. baumannii clinical cultures collected and rate of cultures 121 

collected per 100 admissions for inpatients (VAMCs and CLCs) and per 100 visits for outpatients. 122 

 123 

For evaluation of resistance, we included the first isolate per patient, per facility, per year.(15) We 124 

described the proportion of resistant isolates (number of resistant isolates divided by number of 125 

non-duplicate isolates tested) for each year. We evaluated antibiotic susceptibility to the following 126 

antibiotic classes: extended-spectrum cephalosporins, fluoroquinolones, aminoglycosides, 127 

carbapenems, piperacillin/tazobactam, and ampicillin/sulbactam. We used the minimum inhibitory 128 

concentrations (MICs) reported by the clinical laboratory performing the antimicrobial 129 

susceptibility testing to define antibiotic susceptibility based on Clinical and Laboratory Standards 130 

Institute (CLSI) breakpoints for susceptibility where available. Antibiotic susceptibility 131 

interpretations (S, I, or R) of the clinical laboratory performing the testing were used where MICs 132 

were not reported. Isolates were considered resistant to an antibiotic class if non-susceptibility to 133 

at least 1 drug in that class was identified.(4) We also evaluated MDR and extensive drug 134 

resistance (XDR).(6) MDR was defined as non-susceptibility to at least 1 drug in at least 3 of the 135 

antibiotic classes evaluated. XDR was defined as non-susceptibility to at least 1 drug in all six 136 

antibiotic classes. 137 

 138 

Statistical analyses. 139 

We used descriptive statistical analysis (including counts and percentages) to characterize the 140 

data overall and by healthcare setting (VAMC, CLC, outpatient). We assessed time trends with 141 

Joinpoint regression to calculate average annual percent changes (AAPC) and 95% confidence 142 

intervals (CI). Significance was set at p<0.05. 143 

 144 
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RESULTS 145 

Over the 9-year study period, 19,376 A. baumannii cultures (53% VAMCs, 4% CLCs, 43% 146 

outpatient) were identified. Overall, the number of A. baumannii cultures decreased from 2,778 to 147 

1,684 between 2010 to 2018. Figure 1 presents the trends in the crude counts of cultures collected 148 

and the trends in the rate of A. baumannii cultures collected per 100 admissions/visits. In VAMCs, 149 

the crude number of A. baumannii cultures collected decreased significantly by 11.9% per year 150 

(95% CI -13.6% to -10.3%; Figure 1, Supplemental Table 1). In CLCs, the number of A. baumannii 151 

cultures decreased significantly by 14.9% per year (95% CI -14.1% to -10.6%). The number of A. 152 

baumannii cultures collected in outpatient clinics remained stable over the study period.  For 153 

trends in rates of A. baumannii cultures collected per 100 admissions, similar results were 154 

observed in VAMCs and CLCs as those found for crude culture counts in those settings. However, 155 

in contrast to crude culture count findings in the outpatient setting, the rate of cultures collected 156 

per 100 visits in outpatient clinics decreased significantly by 3.2% per year (95% CI -6.1% to -157 

0.2%).   158 

 159 

Overall, respiratory cultures were the most common source of carbapenem-resistant (43%), MDR 160 

(49%), and XDR (21%) isolates (Figure 2), which was also observed in VAMCs (carbapenem-161 

resistant 46% and MDR 53%) and in CLCs (carbapenem-resistant 54% and MDR 56%; 162 

Supplemental Table 2). Blood cultures were the most common sources of carbapenem-resistant 163 

(19%) and MDR (17%) isolates in outpatient clinics. 164 

 165 

Antibiotic resistance for A. baumannii decreased significantly over the study period. In all settings, 166 

carbapenem resistance decreased significantly by 8.6% per year (95% CI -10.8% to -6.4%, Figure 167 

3, Supplemental Table 3). In VAMCs, carbapenem resistance in A. baumannii decreased by 4.9% 168 

per year (95% CI -7.0% to -2.7%) from 39% in 2010 to 28% in 2018. In outpatient clinics, 169 

carbapenem resistance in A. baumannii decreased by 11.3% per year (95% CI -17.2% to -5.0%) 170 
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from 12% in 2010 to 6% in 2018. Carbapenem resistance remained stable in CLCs (28% in 2010 171 

and 36% in 2018). 172 

 173 

In all settings, MDR in A. baumannii decreased by 10.2% per year (95% CI -12.7% to -7.7%; 37% 174 

in 2010 and 18% in 2018) and XDR decreased by 9.4% per year (95% CI -14.7% to -3.8%, 37% 175 

in 2010 and 18% in 2018, Figure 3). In VAMCs, MDR and XDR rates decreased by 7.2% per year 176 

95% (CI -9.6% to -4.7%) and 6.9% per year (95% CI -11.9% to -1.6%), respectively. Similarly, in 177 

outpatient clinics, MDR decreased by 10.5% per year (95% CI -14.5% to -6.3%) and XDR by 178 

10.2% per year (95% CI -17.0% to -2.9%). MDR and XDR isolates remained stable in CLCs (MDR 179 

44% in 2010 and 36% in 2018; XDR 14% in 2010 and 22% in 2018). 180 

 181 

DISCUSSION 182 

Our study is among the first large scale study of A. baumannii resistance trends to include isolates 183 

collected from all healthcare settings including hospitals, long-term care, and outpatient clinics. 184 

We observed significant decreases in A. baumannii clinical cultures among VA inpatient 185 

populations over our recent 9-year study period. We also observed significant decreases in A. 186 

baumannii resistance, including MDR (-10.2%), XDR (-9.4%), carbapenem-resistant (-8.6%) 187 

phenotypes. Despite these improvements, A. baumannii resistance rates remained high in 2018, 188 

particularly in inpatient settings (VAMCs: carbapenem-resistant 28% and MDR 31%; CLCs: 189 

carbapenem-resistant 36% and MDR 36%), which present challenges to effective treatment.  190 

 191 

The decreasing trends in the number of A. baumannii clinical cultures we observed in inpatients 192 

over our study period from 2010 to 2018 are supported by prior longitudinal analyses.(2, 12) 193 

Surveillance of routine clinical respiratory and bloodstream specimens from 217 hospitals in the 194 

United States (US) demonstrated a decrease in A. baumannii specimens from 2003 to 2012.(2) 195 
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Between 2003-2005, 16,250 A. baumannii specimens (41.3%) were isolated, as compared to only 196 

9,430 (24.0%) between 2009-2012.(2)  197 

 198 

We assessed crude counts of number of positive A. baumannii isolates collected in each setting 199 

and also the rate of positive A. baumannii isolates collected per 100 admissions/visits, accounting 200 

for changes in number of inpatient stays/outpatient visits year to year. The crude number of clinical 201 

cultures from inpatient settings (both VAMCs and CLCs) decreased, while the number collected 202 

from outpatient settings remained stable. The rate of A. baumannii cultures collected per 100 203 

admissions/visits decreased in all settings, including outpatient clinics. There is limited 204 

surveillance data which include A. baumannii isolates from outpatient settings. However, there 205 

are reports that the community-acquired A. baumannii infections may be increasing gradually in 206 

other populations.(16) 207 

 208 

In VAMCs, we found that resistance rates were decreasing, which is supported by previous 209 

work.(12, 13, 17, 18) Of 19,325 Acinetobacter species (spp.) isolates from 411 hospitals in the 210 

US from 2013-2017, 37% were carbapenem-nonsusceptible and 48% were MDR.(12) Rates of 211 

carbapenem-nonsusceptible and MDR Acinetobacter spp. isolates collected per 100 hospital 212 

admissions decreased over their 5 year study period.(12) Additionally, the CDC’s most recent 213 

Antibiotic Resistance Threats report demonstrated a 33% reduction in annual estimated 214 

carbapenem-resistant A. baumannii infections in US hospitals from 2013 to 2019.(4) In 2019, the 215 

CDC estimated there were 8,500 infections due to carbapenem-resistant A. baumannii occurring 216 

annually in US hospitals as compared to the estimated 11,700 annual carbapenem-resistant 217 

infections from the 2013 report.(4, 6) The CDC recognized dedicated infection control and 218 

prevention and antibiotic stewardship efforts, particularly in US hospitals, as important factors 219 

contributing to decreased rates of drug-resistant infections.(4) 220 

 221 
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We too attribute the overall decreased A. baumannii resistance patterns, including significant 222 

reductions in carbapenem-resistant, MRR, and XDR phenotypes, we observed to robust infection 223 

control and antimicrobial stewardship initiatives that are instituted in VAMCs nationally.(19-21) In 224 

2007, the VA implemented a methicillin-resistant Staphylococcus aureus (MRSA) infection control 225 

bundle among all VA medical centers, and previous work has shown that this initiative may have 226 

led to reductions in gram-negative bacteria through expanded infection control programs and 227 

resources.(22) In 2011, the VA established the National Antimicrobial Stewardship Task Force 228 

(ASTF) and in 2014 the VA required all of its hospitals to have antibiotic stewardship 229 

programs.(23) Previous work has demonstrated an increase in antimicrobial stewardship in 230 

VAMCs over the study period.(24) Previous work has also shown that multidisciplinary 231 

antimicrobial stewardship initiatives reduce drug-resistant infections and colonization by 232 

encouraging judicious antibiotic prescribing practices.(25-27) A previous meta-analysis found that 233 

antimicrobial stewardship programs reduced infections and colonization with MDR gram-negative 234 

bacteria by 51%.(25) Antimicrobial stewardship programs were most effective at reducing the 235 

incidence of antibiotic resistant infections when implemented alongside infection control 236 

practices.(25, 28) 237 

 238 

We observed decreased rates of resistant A. baumannii phenotypes in outpatient VA clinics. 239 

Antibiotic stewardship and infection control programs are generally not as robust in outpatient 240 

clinics as compared to inpatient settings, however, outpatient antimicrobial stewardship is 241 

becoming increasingly common which may partly explain our findings.(29) Moreover, the VA is 242 

an integrated healthcare system with coordinated care across settings, and therefore, VAMCs 243 

and outpatient clinics do not function in isolation. While antimicrobial stewardship efforts mainly 244 

occur in VAMCs, the benefits of stewardship may extend to the outpatient setting through shared 245 

patients and providers, thus conferring improvements in resistance across clinical settings.  246 

 247 
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Despite improvements, more action is needed, especially in hospital and long-term care settings. 248 

In CLCs, the proportions of carbapenem-resistant, MDR, and XRD isolates remained stable over 249 

our study period. In 2018, about 1/3 of isolates in VAMCs and CLCs were MDR (31% VAMCs 250 

and 36% CLCs) and about 1/3 were carbapenem-resistant (28% VAMCs and 36% CLCs), as 251 

compared to only 8% and 6%, respectively in outpatient clinics. Similarly, prior work assessed 252 

isolates from two hospitals and also community isolates, of which 37% of the hospital isolates 253 

were MDR phenotypes, while none of the community isolates were MDR.(30) Among 598 254 

carbapenem-nonsusceptible A. baumannii cases from hospital samples, nearly all (99%) had 255 

healthcare exposure in the prior year, which was most commonly a stay at an acute care hospital 256 

or long-term care facility.(31) Similar to previous work, our results also support recommendations 257 

to focus on preventing A. baumannii transmission in hospital and long-term care settings.(31, 32)  258 

 259 

The high rates of resistant A. baumannii phenotypes in our study are concerning as MDR and 260 

carbapenem-resistant infections are a challenge to treat and associated with poor outcomes.(33) 261 

As traditional treatment options are limited and often associated with high toxicity, newer agents 262 

are becoming increasingly important in the treatment of serious resistant A. baumannii 263 

infections.(34) This may be especially important for the treatment of pneumonia in the VA, as we 264 

found respiratory cultures were the most common source of resistant phenotypes. These results 265 

have been also demonstrated outside of the VA, with respiratory cultures also being the most 266 

common source of carbapenem-nonsusceptible and MDR Acinetobacter spp. among non-VA 267 

hospitalized patients in the US.(12) 268 

 269 

Limitations. 270 

There are limitations inherent in our work. Clinical symptoms and signs were not assessed in this 271 

study, so we did not discern between colonization and actual clinical infection. Nevertheless, 272 

changes in numbers of clinical cultures and resistance rates in A. baumannii are important data 273 
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that can guide infection control protocols and empiric antibiotic practices. An inherent weakness 274 

of this retrospective study is that we had to rely on the bacterial identification and antimicrobial 275 

susceptibility testing methods used by the clinical laboratories processing the isolates. Bacterial 276 

identification and antimicrobial susceptibility testing methods are not uniform across laboratories 277 

nationally in the VA Healthcare system; various centers may use different systems to identify 278 

bacteria and determine antibiotic susceptibility which can influence calculated resistance rates. 279 

However, we used the reported MIC to determine resistance when available, otherwise we used 280 

the interpretations of the clinical laboratory handling the culture. Additionally, while our 9-year 281 

study period is a strength, resistance testing may not have been uniform across all study years.  282 

There may be some misclassification of culture collection site as it is a free text field, and can be 283 

entered as a non-specific site (e.g. fluid). Non-specific culture sites and culture sites with low 284 

count were therefore categorized as “other”. We only included cultures that were captured by the 285 

VA electronic medical record, and therefore did not include cultures that were obtained at outside 286 

laboratories and not entered into the VA system. The generalizability of our results is limited to 287 

the VA population, which is known to be older and more male than the general US population. 288 

Finally, as the objective of our resistance surveillance study was to quantify trends in resistance 289 

of A. baumannii isolates, we did not evaluate clinical, epidemiological, or treatment characteristics 290 

of the patients with these positive cultures. Additionally, we did not assess adherence to infection 291 

control, administration policies, or antibiotic stewardship programs that may have been 292 

implemented over the study period. These should be further explored, to determine their effect on 293 

microbial epidemiology. 294 

 295 

Conclusion. 296 

We observed significant decreases in A. baumannii clinical cultures among VA inpatient 297 

populations and significant decreases in A. baumannii resistance, including MDR, XDR, and 298 

carbapenem-resistant isolates, in inpatients and outpatients over our recent 9-year study period. 299 
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In 2018, MDR and carbapenem-resistant A. baumannii remained common, especially in inpatient 300 

settings, which presents challenges to effective treatment. Despite improvements, our results 301 

highlight the importance of continued infection control and antimicrobial stewardship efforts 302 

focused in inpatient and long-term care settings. Future work is warranted to quantify the 303 

epidemiology of A. baumannii in different clinical settings and changes in the epidemiology over 304 

time, including risk factors of A. baumannii, as well as treatment and other factors that affect 305 

clinical outcomes of A. baumannii.  306 

  307 



 

 

15 

Author and contributions:   308 

Conception and design of the study: HA, ARC, KL 309 

Data generation: HA, ARC, VL 310 

Analysis and interpretation of the data: HA, ARC, EO, VL, KL 311 

Preparation or critical revision of the manuscript: HA, ARC, EO, VL, KL 312 

  313 



 

 

16 

Conflicts of interest:  314 

Haley Appaneal has received research funding from Shionogi.   315 

Aisling Caffrey has received research funding from Pfizer, Merck (Cubist), and Shionogi.  316 

Kerry LaPlante has received research funding or acted as a scientific advisor for Merck, Parateck, 317 

Pfizer, Spero, and Shionogi. 318 

No other financial disclosures. 319 

 320 

Funding information: 321 

This work was funded in part by Shionogi, Inc.  322 

 323 

Acknowledgements: 324 

The views expressed are those of the authors and do not necessarily reflect the position or policy 325 

of the United States Department of Veterans Affairs.  This material is based upon work supported, 326 

in part, by the Office of Research and Development, Department of Veterans Affairs.   327 

  328 



 

 

17 

Ethics approval: 329 

The study was approved by the Institutional Review Board (IRB) and the Research and 330 

Development (R&D) Committee of the Providence Veterans Affairs Medical Center prior to 331 

initiation.  This research was conducted with a waiver of informed consent from the Providence 332 

VA Medical Center IRB. 333 

References 334 
 335 

1. Alsan M, Klompas M. : An Emerging and Important Pathogen. J Clin Outcomes Manag. 336 
2010;17(8):363-9. 337 

2. Zilberberg MD, Kollef MH, Shorr AF. Secular trends in Acinetobacter baumannii 338 
resistance in respiratory and blood stream specimens in the United States, 2003 to 2012: A 339 
survey study. J Hosp Med. 2016;11(1):21-6. 340 

3. Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, Monnet DL, et al. 341 
Discovery, research, and development of new antibiotics: the WHO priority list of antibiotic-342 
resistant bacteria and tuberculosis. Lancet Infect Dis. 2018;18(3):318-27. 343 

4. CDC. Antibiotic Resistance Threats in the United States. Atlanta, GA; 2019 2019. 344 

5. World Health Organization. Global priority list of antibiotic-resistant bacteria to guide 345 
research, discover, and development of new antibiotics. 2017 [Available from: 346 
http://apps.who.int/medicinedocs/documents/s23171en/s23171en.pdf. 347 

6. CDC. Antibiotic Resistance Threats in the United States. Atlanta, GA; 2013 2013. 348 

7. Serota DP, Sexton ME, Kraft CS, Palacio F. Severe Community-Acquired Pneumonia 349 
due to Acinetobacter baumannii in North America: Case Report and Review of the Literature. 350 
Open Forum Infect Dis. 2018;5(3):ofy044. 351 

8. Iwasawa Y, Hosokawa N, Harada M, Hayano S, Shimizu A, Suzuki D, et al. Severe 352 
Community-acquired Pneumonia Caused by Acinetobacter baumannii Successfully Treated with 353 
the Initial Administration of Meropenem Based on the Sputum Gram Staining Findings. Intern 354 
Med. 2019;58(2):301-5. 355 

9. Son YW, Jung IY, Ahn MY, Jeon YD, Ann HW, Ahn JY, et al. A Case of Community-356 
Acquired Pneumonia Caused by Multidrug-Resistant Acinetobacter baumannii in Korea. Infect 357 
Chemother. 2017;49(4):297-300. 358 

10. Anstey NM, Currie BJ, Withnall KM. Community-acquired Acinetobacter pneumonia in 359 
the Northern Territory of Australia. Clin Infect Dis. 1992;14(1):83-91. 360 

11. Chen CT, Wang YC, Kuo SC, Shih FH, Chen TL, How CK, et al. Community-acquired 361 
bloodstream infections caused by Acinetobacter baumannii: A matched case-control study. J 362 
Microbiol Immunol Infect. 2018;51(5):629-35. 363 

http://apps.who.int/medicinedocs/documents/s23171en/s23171en.pdf


 

 

18 

12. Gupta V, Ye G, Olesky M, Lawrence K, Murray J, Yu K. Trends in resistant 364 
Enterobacteriaceae and Acinetobacter species in hospitalized patients in the United States: 365 
2013-2017. BMC Infect Dis. 2019;19(1):742. 366 

13. Weiner LM, Webb AK, Limbago B, Dudeck MA, Patel J, Kallen AJ, et al. Antimicrobial-367 
Resistant Pathogens Associated With Healthcare-Associated Infections: Summary of Data 368 
Reported to the National Healthcare Safety Network at the Centers for Disease Control and 369 
Prevention, 2011-2014. Infection control and hospital epidemiology : the official journal of the 370 
Society of Hospital Epidemiologists of America. 2016;37(11):1288-301. 371 

14. Woodworth KR, Walters MS, Weiner LM, Edwards J, Brown AC, Huang JY, et al. Vital 372 
Signs: Containment of Novel Multidrug-Resistant Organisms and Resistance Mechanisms - 373 
United States, 2006-2017. MMWR Morb Mortal Wkly Rep. 2018;67(13):396-401. 374 

15. Clinical Laboratory Standards Institute (CLSI). Analysis and Presentation of Cumulative 375 
Antimicrobial Susceptibility Test Data; Approved Guidelin- Fourth Edition2014. CLSI document 376 
M39-A4, . 377 

16. Lin MF, Lan CY. Antimicrobial resistance in Acinetobacter baumannii: From bench to 378 
bedside. World J Clin Cases. 2014;2(12):787-814. 379 

17. Russell DL, Uslan DZ, Rubin ZA, Grogan TR, Martin EM. Multidrug Resistant 380 
Acinetobacter baumanii: A 15-Year Trend Analysis. Infection control and hospital epidemiology : 381 
the official journal of the Society of Hospital Epidemiologists of America. 2018;39(5):608-11. 382 

18. Lob SH, Hoban DJ, Sahm DF, Badal RE. Regional differences and trends in 383 
antimicrobial susceptibility of Acinetobacter baumannii. Int J Antimicrob Agents. 2016;47(4):317-384 
23. 385 

19. Evans ME, Kralovic SM, Simbartl LA, Jain R, Roselle GA. Eight years of decreased 386 
methicillin-resistant Staphylococcus aureus health care-associated infections associated with a 387 
Veterans Affairs prevention initiative. American journal of infection control. 2017;45(1):13-6. 388 

20. Evans ME, Kralovic SM, Simbartl LA, Freyberg RW, Obrosky DS, Roselle GA, et al. 389 
Nationwide reduction of health care-associated methicillin-resistant Staphylococcus aureus 390 
infections in Veterans Affairs long-term care facilities. Am J Infect Control. 2014;42(1):60-2. 391 

21. Chou AF, Graber CJ, Jones M, Zhang Y, Goetz MB, Madaras-Kelly K, et al. 392 
Characteristics of Antimicrobial Stewardship Programs at Veterans Affairs Hospitals: Results of 393 
a Nationwide Survey. Infection control and hospital epidemiology : the official journal of the 394 
Society of Hospital Epidemiologists of America. 2016;37(6):647-54. 395 

22. Goto M, O'Shea AMJ, Livorsi DJ, McDanel JS, Jones MM, Richardson KK, et al. The 396 
Effect of a Nationwide Infection Control Program Expansion on Hospital-Onset Gram-Negative 397 
Rod Bacteremia in 130 Veterans Health Administration Medical Centers: An Interrupted Time-398 
Series Analysis. Clin Infect Dis. 2016;63(5):642-50. 399 

23. Ramakrishnan A, Patel PK. How Far We've Come, How Far We Have to Go: a Review 400 
of Advances in Antimicrobial Stewardship in the Veterans Health Administration. Curr Treat 401 
Options Infect Dis. 2020;12(3):275-84. 402 



 

 

19 

24. Kelly AA, Jones MM, Echevarria KL, Kralovic SM, Samore MH, Goetz MB, et al. A 403 
Report of the Efforts of the Veterans Health Administration National Antimicrobial Stewardship 404 
Initiative. Infection control and hospital epidemiology : the official journal of the Society of 405 
Hospital Epidemiologists of America. 2017;38(5):513-20. 406 

25. Baur D, Gladstone BP, Burkert F, Carrara E, Foschi F, Dobele S, et al. Effect of 407 
antibiotic stewardship on the incidence of infection and colonisation with antibiotic-resistant 408 
bacteria and Clostridium difficile infection: a systematic review and meta-analysis. Lancet Infect 409 
Dis. 2017;17(9):990-1001. 410 

26. Xu YL, Hu LM, Xie ZZ, Dong YW, Dong L. [Impact of antimicrobial stewardship program 411 
on antimicrobial usage and detection rate of multidrug-resistant gram-negative bacteria]. 412 
Zhonghua Er Ke Za Zhi. 2019;57(7):553-8. 413 

27. Katchanov J, Asar L, Klupp EM, Both A, Rothe C, Konig C, et al. Carbapenem-resistant 414 
Gram-negative pathogens in a German university medical center: Prevalence, clinical 415 
implications and the role of novel beta-lactam/beta-lactamase inhibitor combinations. PLoS 416 
One. 2018;13(4):e0195757. 417 

28. Lemmen SW, Lewalter K. Antibiotic stewardship and horizontal infection control are 418 
more effective than screening, isolation and eradication. Infection. 2018;46(5):581-90. 419 

29. King LM, Fleming-Dutra KE, Hicks LA. Advances in optimizing the prescription of 420 
antibiotics in outpatient settings. BMJ. 2018;363:k3047. 421 

30. Zeana C, Larson E, Sahni J, Bayuga SJ, Wu F, Della-Latta P. The epidemiology of 422 
multidrug-resistant Acinetobacter baumannii: does the community represent a reservoir? 423 
Infection control and hospital epidemiology : the official journal of the Society of Hospital 424 
Epidemiologists of America. 2003;24(4):275-9. 425 

31. Bulens SN, Yi SH, Walters MS, Jacob JT, Bower C, Reno J, et al. Carbapenem-426 
Nonsusceptible Acinetobacter baumannii, 8 US Metropolitan Areas, 2012-2015. Emerg Infect 427 
Dis. 2018;24(4):727-34. 428 

32. Slayton RB, Toth D, Lee BY, Tanner W, Bartsch SM, Khader K, et al. Vital Signs: 429 
Estimated Effects of a Coordinated Approach for Action to Reduce Antibiotic-Resistant 430 
Infections in Health Care Facilities - United States. MMWR Morb Mortal Wkly Rep. 431 
2015;64(30):826-31. 432 

33. Wong D, Nielsen TB, Bonomo RA, Pantapalangkoor P, Luna B, Spellberg B. Clinical and 433 
Pathophysiological Overview of Acinetobacter Infections: a Century of Challenges. Clin 434 
Microbiol Rev. 2017;30(1):409-47. 435 

34. Isler B, Doi Y, Bonomo RA, Paterson DL. New Treatment Options against Carbapenem-436 
Resistant Acinetobacter baumannii Infections. Antimicrob Agents Chemother. 2019;63(1). 437 
 438 

 

  



 

 

20 

Figure 1.  Overall trends in A. baumanii culture collection, by healthcare setting (VAMC, 

CLC, Outpatient) 

 

VAMC= Veterans Affairs Medical Centers; CLC= Community Living Centers; Outpatient= 

Outpatient Clinics 

The Joinpoint Regression Program was used to calculate average annual percent change (AAPC) 

and 95% confidence intervals (95% CI). 

* indicates p-value <0.05.  
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Figure 2. Frequency of Acinetobacter baumanii resistant phenotypes, by culture site  

 

Carbapenem-resistant (CARB-R) was defined as resistance to imipenem, meropenem, or 

doripenem. 

Multidrug-resistant (MDR) was defined as resistance to at least 1 drug in at least 3 antibiotic 

classes: extended-spectrum cephalosporins, fluoroquinolones, aminoglycosides, carbapenems, 

piperacillin/tazobactam, and ampicillin/sulbactam. 

Extensively drug resistant (XDR) was defined as resistance to at least 1 drug in six antibiotic 

classes: extended-spectrum cephalosporins, fluoroquinolones, aminoglycosides, carbapenems, 

piperacillin/tazobactam, ampicillin/sulbactam, polymyxins, sulfamethoxazole/trimethoprim, 

tetracyclines and tigecycline. 
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Figure 3. Trends in Acinetobacter baumanii resistant phenotypes, by healthcare setting (VAMC, 

CLC, Outpatient) 

 

VAMC= Veterans Affairs Medical Centers; CLC= Community Living Centers; Outpatient= 

Outpatient Clinics 

* indicates p-value <0.05 for time trend. 

Carbapenem-resistant (CARB-R) was defined as resistance to imipenem, meropenem, or 

doripenem. 

Multidrug-resistant (MDR) was defined as resistance to at least 1 drug in at least 3 antibiotic 

classes: extended-spectrum cephalosporins, fluoroquinolones, aminoglycosides, carbapenems, 

piperacillin/tazobactam, and ampicillin/sulbactam. 

Extensively drug resistant (XDR) was defined as resistance to at least 1 drug in six antibiotic 

classes: extended-spectrum cephalosporins, fluoroquinolones, aminoglycosides, carbapenems, 

piperacillin/tazobactam, ampicillin/sulbactam, polymyxins, sulfamethoxazole/trimethoprim, 

tetracyclines and tigecycline 
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