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Abstract 
Background: Acinetobacter species have emerged as significant opportunistic pathogens in healthcare settings. 
This study aimed to investigate the epidemiology and antibiotic resistance patterns of Acinetobacter infections 
in a tertiary care hospital in Northeast India. 
Methods: A retrospective cross-sectional study was conducted from January 2021 to June 2023. All 
Acinetobacter isolates from clinical specimens were included. Identification and antimicrobial susceptibility 
testing were performed using conventional methods and automated systems. Demographic and clinical data 
were collected from medical records. 
Results: Out of 8,894 bacterial isolates, 625 (7.0%) were identified as Acinetobacter spp. The majority (89.0%) 
were from inpatients. A. baumannii was the predominant species (86%). Pus/wound exudates (32.6%), urine 
(20.2%), and endotracheal aspirates (19.4%) were the most common specimen types. Inpatient isolates showed 
high resistance to multiple antibiotic classes, with 67.6% classified as multidrug-resistant and 51.4% as 
extensively drug-resistant. Colistin remained highly effective (99.5% susceptibility). Diabetes, post-surgical 
states, and chronic kidney disease were common underlying conditions. 
Conclusion: This study revealed a high prevalence of multidrug-resistant Acinetobacter infections, particularly 
among inpatients. The findings underscore the need for enhanced antimicrobial stewardship and infection 
control measures to address this growing public health challenge. 
Keyword: Acinetobacter; Acinetobacter baumannii; Epidemiology; India; Intensive care units; Multidrug 
resistance; Nosocomial infections. 
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Introduction 

Acinetobacter species are ubiquitous in the 
environment, frequently isolated from soil and 
water, though they can also colonize humans, 
particularly the skin and mucous membranes. [1,2] 
Among these, Acinetobacter baumannii has 
emerged as the most clinically relevant species, 
capable of colonizing up to 43% of healthy 
individuals, with even higher colonization rates 
reported among hospitalized patients and 
healthcare workers. [3] Moist anatomical sites such 
as the axillae, groin, and toe webs are common 
reservoirs. The clinical importance of 

Acinetobacter spp. became increasingly apparent 
with the expansion of intensive care units (ICUs) in 
the 1960s. [4] Acinetobacter spp. is now 
recognized as significant opportunistic pathogens 
in healthcare settings, implicated in a wide range of 
infections including ventilator-associated 
pneumonia (VAP), bloodstream infections (BSI), 
urinary tract infections, meningitis, and wound 
infections. Patients in ICUs—particularly those 
who are intubated or have multiple invasive 
devices such as central lines, surgical drains, and 
urinary catheters—are at increased risk of 
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colonization and subsequent infection. [2,5] 
Colonization is also facilitated by close proximity 
to other colonized individuals and the organism’s 
ability to persist on dry surfaces for prolonged 
periods. [6] 

The rise of multidrug-resistant (MDR) 
Acinetobacter spp., particularly carbapenem-
resistant A. baumannii, poses a significant threat to 
patient outcomes and infection control. MDR 
Acinetobacter infections are associated with higher 
in-hospital mortality rates compared to infections 
caused by susceptible strains or in uninfected 
individuals—26% vs. 18% and 11%, respectively. 
[7] The organism has been implicated in 2% of 
catheter-related BSIs and 8% of VAPs in 
healthcare settings, with mortality rates ranging 
from 13% to 30%.8 Recent estimates indicate this 
may have risen to as high as 35%. [9] In response 
to the growing burden, the World Health 
Organization (WHO) has categorized carbapenem-
resistant A. baumannii as a critical priority 
pathogen, highlighting the urgent need for new 
therapeutic strategies and enhanced surveillance. 
[10] 

In light of this emerging threat, the present study 
aims to investigate the epidemiological profile, 
antimicrobial resistance patterns, and associated 
clinical factors of Acinetobacter infections in a 
tertiary care setting of Northeast India. By 
quantifying the burden and characterizing 
resistance trends, this study seeks to inform local 
infection control policies and guide antimicrobial 
stewardship efforts. 

Materials and Methods 

Study design and setting: This retrospective, 
record-based study was conducted at the 
Department of Microbiology, Regional Institute of 
Medical Sciences (RIMS), Imphal—a tertiary care 
center in Northeast India. The study period 
extended from January 2021 to June 2023, while 
data abstraction and analysis were carried out 
between July and December 2023. 

Inclusion and exclusion criteria: All 
microbiological records indicating isolation of 
Acinetobacter species during the defined study 
period were included. Records involving bacterial 
isolates other than Acinetobacter spp., whether 
pathogenic or non-pathogenic, were excluded. Any 
incomplete data were also excluded from the 
analysis.  

Data collection: Demographic and clinical data of 
hospitalized patients with culture-positive 
Acinetobacter isolates were obtained from patient 
medical records. Variables collected included age, 
sex, ward/unit location, and type of clinical 
specimen. Microbiological and antimicrobial 
susceptibility data were retrieved from the 
laboratory database of the Department of 
Microbiology. 

Data management and statistical analysis: All 
collected data were entered into Microsoft Excel 
and subsequently analyzed using IBM SPSS 
Statistics for Windows, Version 26.0 (IBM Corp., 
Armonk, NY, USA). Categorical variables were 
summarized using frequencies and percentages, 
while continuous variables were described using 
means and standard deviations (SD). Inferential 
statistics were applied using the chi-square test for 
categorical variables and the independent samples 
t-test for continuous variables, as appropriate. A 
two-tailed p-value of <0.05 was considered 
statistically significant. Data visualizations were 
generated using R Statistical Software (v4.1.2; R 
Core Team 2021). 

Results 

A retrospective analysis was conducted to evaluate 
the prevalence and demographic distribution of 
Acinetobacter species among all culture-positive 
clinical specimens processed at the study center. Of 
the 8,894 bacterial isolates obtained, 625 (7.0%) 
were identified as Acinetobacter spp. The majority 
of these isolates (n = 556, 89.0%) were recovered 
from inpatients, while only 69 (11.0%) were from 
outpatients. Among patients with Acinetobacter 
infection, 373 (59.7%) were male and 252 (40.3%) 
were female, with a comparable male-to-female 
distribution observed in both inpatient and 
outpatient groups. The mean age of patients with 
Acinetobacter isolates was 48.7 ± 22.1 years. 
Inpatients had a mean age of 49.2 ± 22.5 years, 
whereas outpatients had a mean age of 50.1 ± 21.6 
years. Across the entire cohort, the highest 
proportion of Acinetobacter isolates (n = 213, 
34.1%) was observed in individuals aged 60–79 
years, followed by those aged 40–59 years (n = 
186, 29.8%). A similar age distribution pattern was 
noted among inpatients, with 34.4% aged 60–79 
years and 29.2% aged 40–59 years. In contrast, 
among outpatients, the highest proportion (34.3%) 
belonged to the 40–59-year age group, followed by 
the 60–79-year group (31.4%). 
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Table 1: Comparison of study variables between in-patients and out-patients 
Variables Total (%) 

(N=625) 
In-patients (%) 
(N=555) 

Out-patients (%) 
(N=70) 

p-value 

SEX 
Male  373 (60.0) 331 (60.0) 42 (60.0) 0.954# 

(not significant) Female  252 (40.0) 224 (40.0) 28 (40.0) 
AGE (years) 
mean ±SD 48.7±22.1 49.2±22.5 50.1±21.6 0.735@ 

(not significant) 
£19 71 (11.36) 64 (11.53) 7 (10.0)  
20-39 122 (19.52) 109 (19.64) 13 (18.6)  
40-59 186 (29.76) 162 (29.19) 24 (34.3)  
60-79 213 (34.08) 191 (34.41) 22 (31.4)  
³80 33 (5.28) 29 (5.23) 4 (5.7)  
SAMPLES 
Pus/exudate 204 (32.64) 193 (34.78) 11 (15.7)  
Urine  126 (20.16) 88 (15.86) 38 (54.3)  
Endotracheal tube aspirate 121 (19.36) 121 (21.80) 0 (0.0)  
Sputum and throat swab 89 (14.24) 76 (13.70) 13 (18.6)  
Blood  41 (6.56) 38 (6.84) 3 (4.3)  
Others  44 (7.04) 39 (7.02) 5 (7.1)  
LOCATION 
ICUs 234 (37.0) 234 (42.0) 0 (0.0)  

<0.001#* Other wards/departments 391 (63.0) 321 (58.0) 70 (100.0) 
SPECIES 
Acinetobacter baumanii 541 (86.0) 498 (89.7) 43 (62.0)  

<0.001#*  Acinetobacter lwoffii 60 (10.0) 36 (6.5) 24 (34.0) 
Other Acinetobacter species 24 (4.0) 21 (3.8) 3 (4.0) 

#Chi square test, @Independent sample t test, *statistically significant 
 
Among the Acinetobacter spp. isolates, the most 
common specimen types were pus or wound 
exudates (n = 204, 32.6%), urine (n = 126, 20.2%), 
and endotracheal tube (ET) aspirates (n = 121, 
19.4%). The organism was also isolated from blood 
samples—both peripheral and central—in 41 cases 
(6.6%), and from respiratory samples such as 
sputum and throat swabs in 89 cases (14.2%).  

An additional 44 isolates (7.0%) were obtained 
from other specimen types, including wound 
swabs, drain fluid, peritoneal fluid, pleural fluid, 
and vaginal swabs. In the inpatient subgroup, 
pus/exudate remained the most frequent source of 
isolation (34.8%), followed by ET aspirates 
(21.8%) and urine samples (15.9%). Among 
outpatients, urine was the predominant specimen 
type (54.3%), followed by respiratory specimens 
(18.6%). Notably, no ET aspirate samples were 
collected from outpatients (Table 1). Of the total 
Acinetobacter isolates, 63% (n = 394) originated 

from general wards and outpatient departments, 
while 37% (n = 231) were recovered from patients 
admitted to intensive care units (ICUs). A. 
baumannii was the predominant species identified 
across all settings. A. lwoffii accounted for 10% of 
the total isolates, with a disproportionately higher 
prevalence among outpatients (34%) compared to 
inpatients (6.5%). Other less commonly identified 
species included A. hemolyticus, A. pseudolwoffii, 
A. parvus, and other unclassified Acinetobacter 
spp., collectively comprising 4% of the total 
isolates.  

There was a statistically significant association 
between Acinetobacter species distribution and the 
patient care setting (ICU, general wards, or 
outpatient departments) (p < 0.05). However, no 
significant association was observed between 
patient age or sex and the distribution of 
Acinetobacter spp. across inpatient and outpatient 
groups. 
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Figure 1: Month-wise distribution of Acinetobacter sp.  During the study period 

 
An analysis of the temporal distribution of Acinetobacter infections across the years 2021, 2022, and 2023 
revealed a seasonal trend, with peak prevalence observed during the months of August, December, and May 
(Figure 1). 
 

 
Figure 2: Underlying illness associated with Acinetobacter infection 

 
The presence of Acinetobacter infection was 
frequently associated with underlying clinical 
conditions (Figure 2). The most common 
comorbidities included chronic kidney disease, 

post-surgical states, and ulcerative lesions—
particularly diabetic foot ulcers—each contributing 
to approximately 12% of the total cases. Non-
specific conditions, representing a heterogeneous 
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group of underlying factors, accounted for nearly 
11% of cases. These included chronic liver disease, 
cerebral palsy, renal calculi, and chronic 
obstructive pulmonary disease. Other notable 
comorbidities included burn injuries, diabetes 
mellitus, and miscellaneous factors, collectively 
accounting for 10% of cases. Less frequent but 

relevant associated conditions included cellulitis, 
necrotizing fasciitis, scrub typhus, and seizure 
disorders. Additional underlying health issues 
reported among affected individuals comprised 
hypertension, COVID-19 and post-COVID 
sequelae, cerebrovascular accidents (CVA), 
infarcts, trauma, and various systemic infections. 

 
Table 2: Comparison between antimicrobial susceptibility of Acinetobacter isolates from in-patients and 

out-patients. 
Antibiotics In-patients (N=555) Out-patients (N=70) 
 S (%) I (%) R (%) S (%) I (%) R (%) 
Amikacin 147 (26.5) 25 (4.5) 383 (69) 53 (75) 3 (5) 14 (20) 
Cefepime 36 (6.5) 10 (1.75) 509 (91.75) 24 (34.3) 3 (4.3) 43 (61.4) 
Ceftazidime 78 (14) 11 (2) 466 (84) 21 (30) 5 (7.1) 44 (62.9) 
Piperacillin-tazobactam 121 (22) 2 (1) 432 (77) 39 (56) 14 (20) 17 (24) 
Levofloxacin 119 (21.5) 14 (2.5) 422 (76) 48 (68.6) 4 (5.7) 18 (25.7) 
Minocycline 366 (66) 28 (5) 161 (29) 64 (91.3) 1 (1.3) 5 (7.4) 
Imipenem 86 (15.5) 17 (3) 452 (81.5) 46 (66) 6 (8) 18 (26) 
Meropenem 155 (28) 22 (4) 378 (68) 62 (88.5) 0 (0) 8 (11.5) 
Colistin 0 (0) 553 (99.5) 2 (0.5) 0 (0) 70 (100) 0 (0) 
Distribution of MDR and XDR 
 In-patient Out-patient p-value 
MDR 375 (67.6) 6 (7.1)  

<0.001#* Non-MDR 180 (32.4) 65 (92.9) 
XDR 285 (51.4) 1 (1.4)  

<0.001#* Non-XDR 270 (48.6) 69 (98.6) 
S: Susceptible, I: Intermediate, R: Resistant, MDR: Multi-drug resistant, XDR: Extensively drug-

resistant, #Chi square test, *statistically significant 
 
Antimicrobial susceptibility patterns of 
Acinetobacter spp. isolates were assessed 
separately for inpatients and outpatients (Table 2). 
Among inpatients, high levels of resistance were 
observed to multiple antibiotic classes. Resistance 
rates were notably elevated for amikacin (69%), 
ceftazidime (84%), cefepime (91.8%), piperacillin–
tazobactam (77%), levofloxacin (76%), imipenem 
(81.5%), and meropenem (68%).  

Outpatient isolates also demonstrated considerable 
resistance to third- and fourth-generation 
cephalosporins, with resistance rates of 62.9% to 
ceftazidime and 61.4% to cefepime. Minocycline 
exhibited the highest overall susceptibility, with 
66% of inpatient isolates and 91.3% of outpatient 
isolates showing sensitivity. Colistin remained 
effective against most isolates in both groups; 
99.5% of inpatient isolates and 100% of outpatient 
isolates were susceptible within the intermediate 
range, although two colistin-resistant strains were 
identified among inpatients. Multidrug resistance 
(MDR), defined as resistance to at least one agent 
in three or more antimicrobial classes, was 
significantly more prevalent among inpatient 
isolates (67.6%) compared to outpatient isolates 
(7.1%). Similarly, extensively drug-resistant 
(XDR) Acinetobacter—resistant to all but one or 
two antibiotic classes—was identified in 51.4% of 
inpatient isolates and 1.4% of outpatient isolates. 

These findings highlight a substantial burden of 
antimicrobial resistance, particularly among 
hospitalized patients. 

Discussion 

In the present study, the overall prevalence of 
Acinetobacter spp. among all culture-positive 
isolates was 7.0%. This prevalence was lower than 
that reported in similar studies from Eastern India 
(26%), Iran (9.51%), and Serbia (11.6%), but 
higher than those documented in North India 
(1.4%), Saudi Arabia (3.37%), and Ethiopia 
(2.6%). [11–16] The observed inter-regional 
differences in prevalence may be attributable to a 
range of factors, including variations in patient 
comorbidities, host immune status, nutritional 
status, climatic conditions, healthcare 
infrastructure, and patterns of antibiotic use and 
misuse. 

The predominance of male patients in this study 
aligns with findings from previous research 
conducted in Ethiopia, Serbia, and India. [11,12,14] 
The mean age of study participants was 48.7 years. 
This is consistent with earlier reports indicating a 
higher burden of Acinetobacter infections among 
older adults. [17] However, a study from Ethiopia 
reported a younger age distribution, with most 
patients aged between 21 and 30 years. [16] In our 
study, the most common clinical specimen yielding 
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Acinetobacter spp. was pus or wound exudate, 
followed by urine. These findings are in agreement 
with reports from Iran, Serbia, and North India, 
which also highlighted pus, urine, and respiratory 
samples as the principal sources of Acinetobacter 
isolates. [12–14] A substantial majority of isolates 
(88.8%) were obtained from inpatients, with 42% 
of these recovered from patients in intensive care 
units (ICUs) and the remainder from other wards. 
This distribution is consistent with earlier studies, 
where ICUs were identified as the primary site for 
Acinetobacter isolation. [14,18] 

Consistent with previous reports, Acinetobacter 
baumannii (86%) emerged as the predominant 
species in our cohort, followed by A. lwoffii 
(10%). This distribution mirrors findings from 
other regions of India as well as international 
settings, suggesting a consistent pathogenic 
dominance of A. baumannii across diverse 
healthcare environments. [12–16,18] Other species 
identified in our study included A. hemolyticus, A. 
pseudolwoffii, A. parvus, and unidentified 
Acinetobacter spp. Although less frequently 
isolated, emerging species such as A. calcoaceticus, 
A. junii, A. soli, A. ursingii, A. bereziniae, and A. 
nosocomialis have also been increasingly 
implicated in hospital-acquired infections globally, 
warranting close surveillance. [4,19] 

The predominance of A. baumannii may be 
explained by its exceptional environmental 
resilience. This organism is capable of surviving on 
dry, inanimate surfaces for extended periods—up 
to 100 days—facilitating its persistence and 
transmission in hospital settings. [6,20] 
Additionally, A. baumannii has demonstrated the 
ability to rapidly adapt to fluctuations in 
temperature and nutrient availability, conditions 
commonly encountered within healthcare 
environments and newly colonized hosts. [21] 

Month-wise analysis of Acinetobacter infections 
indicated peak prevalence during the months of 
August, December, and May. This partially aligns 
with global seasonal trends reported in the 
literature. Pooled analyses of standardized monthly 
incidence data have shown that Acinetobacter 
infections often follow a seasonal pattern, with 
higher incidence observed during the warmer 
months and lower rates during colder months. [22] 
The elevated rates observed in August and May in 
the current study are consistent with this seasonal 
trend. However, the rise in infections during 
December may reflect local factors such as 
fluctuations in hospital admissions, ICU 
occupancy, or climate-related variability specific to 
the study region.  

In the present study, diabetes mellitus and diabetic 
foot ulcers were identified in 22% of patients with 
Acinetobacter infections, closely mirroring the 

prevalence reported in a study from Serbia, where 
22.5% of affected individuals had diabetes. [14] 
Trauma was documented in 5% of patients in our 
cohort, which is similar to findings from the same 
Serbian study. [14] However, notable differences 
were observed in the prevalence of other 
comorbidities. While Lukovic et al. reported that 
3.8% of patients had burn injuries and 22.4% had 
hypertension, our study found a higher proportion 
of burn-related cases (10%) but a considerably 
lower prevalence of hypertension (4%). Beyond 
these conditions, Acinetobacter infections have 
been associated with a wide range of underlying 
comorbidities, including HIV infection, 
cardiovascular and respiratory diseases, 
malignancies, pneumonia, urinary tract infections, 
surgical wound infections, bacteremia unrelated to 
primary foci, osteoarticular infections, and surgical 
meningitis. These comorbid states may contribute 
to host vulnerability and facilitate colonization or 
progression to invasive Acinetobacter disease, 
particularly in healthcare settings. [9,14,23,24] 

With the exception of colistin, a high level of 
resistance was observed among inpatient isolates 
across most major classes of antibiotics. 
Nonetheless, a subset of isolates remained 
susceptible, indicating some variability in 
resistance patterns. These findings are broadly 
consistent with prior studies from Northern and 
Eastern India, which reported resistance rates 
exceeding 90% for most antibiotic classes, with the 
notable exception of colistin. [11,18] In the present 
study, colistin resistance was identified in 2 (0.5%) 
of the inpatient isolates.  

Although the overall susceptibility to colistin 
remains high, previous studies had also raised 
concerns about the emerging prevalence of colistin-
resistant Acinetobacter strains, particularly in 
hospital settings. [11,18]  

In the present study, the rates of multidrug-resistant 
(MDR) and extensively drug-resistant (XDR) 
Acinetobacter spp. among inpatients were 67.6% 
and 51.4%, respectively. These figures are 
comparatively lower than those reported from other 
regions of India, as well as from abroad. [11–
14,18] However, the resistance rates observed in 
our setting were notably higher than those reported 
in studies from Ethiopia and Croatia. [16,25] 

The observed antibiotic resistance patterns across 
multiple classes highlight the urgent need for 
antimicrobial stewardship and routine susceptibility 
surveillance, particularly for last-resort agents like 
colistin. Strengthened hospital infection control 
policies and enhanced diagnostic capacity to 
distinguish between colonization and infection are 
essential to avoid unnecessary antimicrobial use 
and optimize therapeutic decisions. Similar trends 
of widespread antibiotic resistance among 
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Acinetobacter spp. have been documented 
previously, indicating this global public health 
challenge. [26] 

Strength and limitations 

The study possesses several notable strengths, 
including a large sample size that facilitates a 
robust epidemiological assessment. It provided a 
comprehensive analysis of antimicrobial 
susceptibility patterns, encompassing the 
prevalence of multidrug-resistant (MDR) and 
extensively drug-resistant (XDR) strains. 
Additionally, the study offered a detailed 
characterization of patient demographics, specimen 
types, and associated comorbidities, which aids in 
identifying potential risk factors. Furthermore, the 
comparison between inpatient and outpatient 
isolates yielded valuable insights into setting-
specific resistance trends.  

However, the study was subject to certain 
limitations. As a single-center, retrospective 
analysis, the findings may not be generalizable to 
other regions or healthcare settings, and causal 
relationships between risk factors and infection 
cannot be established. The absence of molecular 
typing restricts insights into clonal transmission or 
outbreak dynamics. Moreover, the lack of detailed 
clinical outcome data, such as mortality or length 
of hospital stay, limits the ability to evaluate the 
clinical impact of resistant infections. Finally, the 
inclusion of only culture-positive cases may 
introduce selection bias, potentially leading to an 
overestimation of resistance rates. 

Conclusion 

This study underscores the rising threat of 
Acinetobacter infections in hospital settings, 
particularly intensive care units, with A. baumannii 
as the predominant species. The high prevalence of 
multidrug-resistant and extensively drug-resistant 
strains among inpatients highlights the urgent need 
for strengthened antimicrobial stewardship and 
infection control practices. Colistin remains the 
most effective therapeutic option, though emerging 
resistance calls for its cautious use. Regular 
surveillance of resistance patterns is essential to 
inform empiric therapy and curb the spread of 
resistant strains. Overall, the findings call for 
immediate, coordinated efforts to address this 
growing public health challenge. 
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