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(" Abstract- Background: The members of the genus Acinefobacter are persistent nosocomial pathogens. Strains with increased resistance to most p-lactam antibiotics, )
fluoroguinolones, and aminoglycosides continue to be detected worldwide. They are responsible for various nosocomial infections. This study aimed to find the
prevalence, epidemiology, and changing trend of this organism in a tertiary care hospital over a period of three years. Materials and methods: Acinetobacter species
isolated from various clinical samples of a hospital were studied. Susceptibility test was performed according to Clinical and Laboratory Standards Institute (CLSI)
guidelines. Multidrug-resistant (MDR) strains and extended-spectrum beta-lactamases (ESBLs) were detected. Results: Out of 8,905 isolates, 490 (5.5%) were
Acinetobacter species. Maximum isolates 47.1% were obtained from intensive care units (ICUs). Off the MDR isolates, 87% were from the ICUs. All the ceftazidime-
resistant isolates obtained from the outpatient department (OPD) were ESBL producers (100%). Amongst the indoor wards paediatric ward showed the highest
percentage of ESBL producers (71.4%). The isolation rates throughout the three years were high in the late summer and monsoon, that is, may to oct. Conclusions:
Isolation of MDR Acinetobacter species continues to be significant among ICUs. It is a major challenge to control infections caused by MDR Acinetobacter spp.
Therefore, the continuous surveillance of the organism is needed to understand the changing trends in epidemiology and antibiotic resistance pattern.
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Introduction

The increasing role of Acinefobacter spp. in the establishment of nosocomial
infections is a worldwide concern. The Progressive development of resistance to
several antimicrobial agents used in the treatment poses a major challenge in
health care [1]. In a study by the Global Burden of Diseases, mortality due to
infections, in general, has decreased in the past few years but it still remains a
major factor [2]. Acinetobacter spp. are primarily opportunistic pathogens that
affect critical care units; however, it is gradually becoming a persistent nosocomial
agent in other wards. Once established, remains endemic in the institutions and
causes sequential outbreaks [3]. The ubiquitous presence of Acinetobacter poses
a challenge in eradicating it from the hospital environment. According to recent
studies, weather plays an additional epidemiological determinant in the incidence
of these hospital associated infections [4]. However, in developing countries there
is a lack in the published data on the seasonal trends of these pathogens.
Therefore, this study aimed to find the prevalence of Acinefobacter in a tertiary
care hospital over the past three years, to understand its distribution in the
different areas of the hospital and different samples; to understand the changing
trends in the epidemiology and antibiotic resistance patterns of antibiotics in
various wards.

Material and Methods

The study period extended from January 2014 to December 2016 and involved
the collection of continuous data of Acinetobacter spp. isolated from various
samples received in the Department of Microbiology. The samples obtained from
the patients admitted and treated in the various wards and ICUs of Dr D Y Patil
Medical College, Hospital, and Research Centre, Dr D Y Patil Vidyapeeth, Pune,

India, were included in the study. Various samples such as blood, urine, sputum,
pus, and other body fluids received in the laboratory were processed. The growth
of genus Acinetobacter on agar plates was identified by colony morphology, Gram
stain, positive catalase test, negative oxidase test, the absence of motility, and
standard biochemical reactions [1,5]. Antimicrobial susceptibility testing of the
isolates was performed by Kirby-Bauer disc diffusion method for ciprofloxacin (5
ug), ceftazidime (30 pg), cefotaxime (30 pg), imipenem (10 pg), amikacin (30
ug), gentamicin (10 pg), ampicillin (10 pg), and cotrimoxazole (25 ug) discs
(HiMedia, Mumbai, India). Zone size was interpreted according to CLSI guidelines
[6,7]. Multidrug-resistant (MDR) strains (the isolates resistant to at least one agent
in three or more categories of drugs) were detected using antibiotics from different
categories [8,9]. Extended-spectrum beta-lactamase (ESBL) production in
Acinetobacter spp. was detected in the isolates showing reduced susceptibility to
ceftazidime by double disc approximation test performed on Mueller-Hinton agar
plates using the discs of ceftazidime alone, ceftazidime-clavulanic, and
ceftazidime-tazobactam [10-12]. To determine the seasonal trends in the isolation
rate of Acinetobacter sps., we analyzed the monthly isolation rate from different
samples and wards.

Results

During the study period, a total of 34,910 samples were processed and 8,905
isolates were obtained. Out of these isolates, 490 (5.5%) were Acinetobacter spp.
In ward-wise distribution, the maximum number of isolates were obtained from
ICUs 231 (47.1%), followed by surgery 94 (19.1%), medicine 89 (18.1%), pediatric
29 (5.91%) and gynecology wards 15 (3.06% ),[Table-1].
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Place of
isolation

Table-1 Isolation of Acinetobacter spp. from different wards and ICUs

Three ears (2014 to 2016)
Bod Fluld

ICUs 50 5 4 134 2 231
Surgery 3 76 1 0 0 14 94
Medicine 29 6 1 41 1 11 89
Pediatric 26 1 1 1 0 0 29
Gynecology 3 1 0 0 0 1 15
Others 1 14 0 0 0 13 28
OPD 1 3 0 0 0 0 4
Total 113 116 7 176 3 75 490
Table-2 Antibiotic resistance patterns in Acinetobacter isolates
Antibiotics ICUs Surgery Med. Gynec. Pediatric OPD Other Total
wards
Ampicillin (10ug) 98.2% 93.5% 92% 100% 89.2% 100% 92.8% 95.4%
Ceftazidime (30ug) 95.2% 88.2% 91% 100% 72.4% 75% 75% 90.6%
Cefotaxime (30 ug) 93% 82.9% 67.4% 86.6% 65.5% 75% 78.5% 83.6%
Imipenem (10 pg) 17.7% 50% 16.8% 20% 34% 0% 17.8% 22.8%
Amikacin (30ug) 75.7% 70.21% 32.5% 66.6% 17.8% 0% 67.8% 62%
Gentamicin (10ug) 7% 63.8% 42.6% 73.3% 17.2% 0% 60.7% 63%
Ciprofloxacin (5ug) 84.4% 79.7% 47.1% 73.3% 24.1% 0% 67.8% 71.2%
Trimethoprim sulfamethoxazole 81.6% 79.7% 59.5% 80% 37.9% 25% 57.1% 72.7%
(1.25/23.75 pg)
Table-3 Percentage of MDR (n=386/490) and ESBL (189/444) Acinetobacter spp. from different wards
Place of isolation MDR isolates ESBL isolates
ICUs 87% 43.6%
Surgery 85.1% 20.4%
Medicine 66.2% 50%
Pediatric 41.3% 71.4%
Gynecology 80% 53.3%
Others 75% 45.4%
OPD 25% 100%
Total 78.7% 42.5%
Table-4 Frequency of |so|ates in descending order in three years
( ( (
S.aureus 998 (30 7%) S. aureus 888 (31.2%) S. aureus 687 (24.3%)
Klebsiella spp.564 (17.3%) E. coli 571 (20%) Klebsiella spp. 528 (18.7%)
E. coli 484 (14.9%) Klebsiella spp.444 (15.6%) E. coli 499 (17.7%)
P.aeruginosa 272 (8.3%) P.aeruginosa 275(9.6%) P. aeruginosa 266 (9.4%)
Citrobacter spp.230 (7.09%) Citrobacter spp. 195(6.8%) Acinetobacter spp.181(6.4%)
Enterococcus spp.197 (6.07%) Acinetobacter spp.169 (5.9%) Enterococcus spp. 169 (5.9%)
Acinetobacter spp.140 (4.3%) Enterococcus spp.120 (4.2%) Citrobacter spp.132 (4.6%)
Remaining 357 (11%) Remaining 182 (6.3%) Remaining 357 (12.6%)
Table-5 Seasonal variation in isolation of Acinefobacter species from clinical samples
Blood 7 10 6 0 2 4 29 16 20 6 7 6 113
Urine 1 1 2 1 0 0 1 0 0 0 1 0 7
Respiratory sample 5 20 10 16 19 8 19 | 17 19 2 8 14 176
Pus 5 3 3 12 | 13 | 16 | 16 | 12 10 9 12 5 116
Body fluids 2 5 3 7 4 11 8 9 8 14 2 5 78
Total 20 | 39 | 24 36 | 38 | 39 | 73| 54 | 57 50 | 30 | 30 | 490

Table-6 Seasonal variation in isolation rates of Acinetobacter species in various wards and ICUs

ICUs 10 23 13 16 13 10 30 28 26 3 12 20 231
Medicine wards 5 13 7 4 14 6 2 15 19 6 6 5 12
Surgery wards 4 3 4 16 11 23 20 1 1 1 5 13
OPD 1 1 1 1 4

Total 20 39 2% 3 38 3 713 b4 57 50 30 30 4%

The sample-wise distribution of the isolates revealed that the maximum number of
isolates were obtained from the respiratory samples 176 (35.9%) followed by pus
116 (23.6%), blood 113 (23%), body fluids including C.S.F 78(15.9%) and urine 7
(1.4%), [Table-1]. The maximum isolates from respiratory samples were obtained
from ICUs (134/176), 76.1% followed by medicine ward (41/176), 23.2%. In
addition, maximum isolates from blood samples were obtained from ICUs
(50/113), 44.2%, followed by medicine (29/113), 25.6% and pediatric ward

(26/113), 23%. Whereas, maximum pus isolates were obtained from surgery ward
(76/116), 65.5%, followed by gynecology ward (11/116), 9.4%, [Table-1]. A
gender-wise distribution of Acinetobacter isolates revealed male predominance in
all wards except pediatric ward where the number of both sex was almost same
(14-male,15-female). Overall distribution showed male: female ratio of 1.9:1.
Isolates from the samples of gynecology ward showed 100% resistance to
ampicillin and ceftazidime.
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Strains isolated from ICUs samples showed high resistance to ampicillin,
ceftazidime, cefotaxime, ciprofloxacin and cotrimoxazole (above 80%). Similarly,
in other wards also maximum resistance to these antibiotics observed. In ICUs
and wards imipenem is the most sensitive drug followed by amikacin and
gentamicin [Table-2]. Out of the 490 Acinefobacter isolates, 386 (78.7%) were
MDR organisms. Maximum MDR organisms were isolated from ICUs (201/231),
87%, followed by surgery (80/94), 85.1%, gynecology (12/15), 80%, medicine
(59/89), 66.2%, pediatric (12/29), 41.3%, and OPD (1/4), 25%. The isolation rate
from the remaining wards was (21/28) 75%, [Table-3]. Out of 490 Acinetobacter
isolates, 444 (90.6%) showed reduced susceptibility to ceftazidime, which was
further confirmed for ESBL production using the double disc approximation test.
Out of 444 ceftazidime-resistant isolates, 189 (42.5%) were confirmed as ESBL
producers. Ceftazidime-resistant Acinetobacter isolates from OPD were all ESBL
producers (3/3), 100%. In the hospitalized patients, the maximum Acinetobacter
isolates were obtained from pediatric ward (15/21), 71.4%, followed by gynecology
(8/15), 53.3%, medicine (40/80), 50%, and surgery wards (17/23), 20.4%.
Maximum ESBL producers were detected using B-lactamase inhibitor tazobactam
(181/189), 95.7% compared with clavulanic acid (59/189), 31.2%, [Table-3]. Year-
wise distribution revealed that maximum isolates were obtained from ICUs in the
year 2015. However, in the surgery and medicine wards, the isolation was higher
in 2014. The isolation rate of Acinefobacter spp. was the highest in 2016. Table-4
shows the occurrence of Acinetobacter spp. in the order of frequency during the
three years. The isolation of Acinetobacter spp. was higher in the summer and
rainy seasons (May to Oct) in these three years [Fig-1]. Sample-wise distribution
revealed seasonal peak in two major type of infections blood stream infections
(July-Sep) months and pyogenic infection (Apr-Nov). Three cases of meningitis
were there in these three years which were in the months of June-July-august
[Table-5]. While in the ward-wise isolation, seasonal trend was seen in ICUs with
highest isolation rate during the months of July-oct, Medicine wards in July-Sep
and in surgery ward extended from the month of Apr-Nov [Table 6]. Seasonal
trend was not observed in the isolation of MDR and non-MDR isolates.
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Fig-1 Trend of monthly and yearly isolation of Acinetobacter

Discussion

In this study, out of total 8,905 isolated organisms, 490 (5.5%) were Acinetobacter.
Kaur, et al. found 10.2% prevalence of Acinetobacter in Bathinda, India, Dash, et
al. found 3% prevalence in Odisha, India, and Uwingabiye, et al. found 6.94%
prevalence of all bacterial isolates in Morocco [9,13,14]. The maximum isolates of
Acinetobacter were obtained from ICUs (47.1%), followed by surgery (19.1%) and
medicine wards (18.1%). In the study of Jaggi, et al., out of the total Acinetobacter
isolates, 76.7% were obtained from ICUs [15]. The isolation rate is highest in ICUs
due to the existing environment and risk factors for the persistence of this
nosocomial pathogen. These consist of frequently admitted immunocompromised
patients with multiple comorbidities, colonization followed by infection, prolonged
stay of patients which leads to cross-infection among the patients, prolonged use
of broad-spectrum antibiotics and indwelling devices. In this study, the maximum
isolation of Acinetobacter spp. was from respiratory samples (35.9%), followed by
pus (23.6%), blood (23%), body fluids (15.3%), and urine (1.4%). Similarly, in the
study of Jaggi, et al, maximum isolates of Acinetobacter were obtained from
respiratory samples (57.4%), followed by blood (23.8%) and pus (13.5%) [15]. In
addition, Uwingabiye, et al. obtained maximum isolates of Acinetobacter spp. from
bronchopulmonary samples (44.67%), followed by blood (14.51%) and deep pus
(12.47%) [14]. Hospital-associated infections are most likely to involve the

respiratory tract followed by urinary tract and may progress to septicemia [16,17].
In this study, urine isolates were less frequent compared with others. Among the
isolates in respiratory samples received, maximum isolates were from ICUs
(76.1%), followed by medicine (23.2%). Further among isolates in blood samples
received, maximum was from ICUs (44.2%), followed by medicine (25.6%) and
pediatric wards (23%). While among isolates from pus samples received,
maximum isolates were from surgery ward (65.5%), followed by gynecology ward
(9.4%). The factors responsible for a higher isolation rate in the respiratory and
blood samples received from ICUs and pus samples received from surgery and
gynecology wards are mechanical ventilation, nasogastric tubing, the disruption of
anatomical barriers because of the use of invasive devices, surgeries, impaired
immunological response, and ability of this organism to survive in high fluid
content. Acinetobacter spp. were isolated more frequently from samples of male
(59.1%) patients than that of female patients (40.8%), which is concords other
studies [18]. The susceptibility testing results revealed that Acinefobacter spp.
were resistant to most frequently used antibiotics. The isolates from ICUs and
other wards showed the highest resistance to ampicillin (95.4%), followed by
ceftazidime (90.6%) and cefotaxime (83.6%), similar to the results of other studies
and lowest resistance to imipenem (22.8%), followed by amikacin (62%), and
gentamicin (63%) [12,19]. Overall, a high resistance pattern was observed in
ICUs, followed by surgery and gynecology wards. This study found a prevalence
of 78.7% MDR strains; however, Begum Shahzeera, et al. in Islamabad reported
100% prevalence of MDR A. baumannii strains [20]. A meta-analysis conducted
by Bialvaei, e al. revealed that the prevalence of MDR A. baumannii is 72% in
Iranian population [21]. Maximum MDR strains were found in samples received
from ICUs (87%), followed by surgery (85.1%) and gynecology wards (80%) and
least in the samples received from pediatric ward (41.3%). Acinefobacter and
MDR Acinetobacter spp. are persistent pathogens in ICUs. In the gynecology
ward, although the number of isolated strains of Acinefobacter spp. was low,
maximum strains obtained were MDR. The sample-wise distribution, revealed that
maximum MDR Acinetobacter strains were obtained from respiratory samples
(88.6%), followed by pus samples (85.3%) and minimum from blood samples
(55.7%). In addition, Haung, et al. found maximum MDR strains from respiratory
samples [22].

In this study, 42.5% of ceftazidime-resistant isolates were ESBL producers. In a
study conducted by Banerjee, et al. in 2013, 50.7% of the Acinetobacter isolates
were ESBL-producing, and Sinha, et al., in 2007, detected 28% isolates to be
ESBL-producing [18,23]. Maximum ESBL producers were detected by screening
positive isolates obtained from OPD (100%). During ward-wise and sample-wise
distribution, maximum ESBL producers were detected from the pediatric ward and
blood samples, respectively. This finding is not consistent with other studies that
reported a trend of occurrence of ESBL producers similar to that of the detection
of the MDR isolates [18,24]. In this study, the maximum MDR strains were
detected in the respiratory sample received from ICUs, whereas maximum ESBL
producers were detected in the blood samples, followed by respiratory samples,
received from pediatric ward. The reason for this trend is not clear. It was
observed that the isolation frequency of Acinetobacter spp. is increasing over the
years. From being the seventh commonest isolate in 2014, it became the fifth
commonest isolate in 2016. In addition, this upward trend of isolation has also
been reported in other studies [3]. The reasons for this increasing trend are
multifactorial such as the endemic presence of the organism in the environment,
development of multidrug-resistant strains, and longer hospital stay leading to
colonization [3,25,26]. Coming to the discussion of seasonal trends, there are two
main studies on the isolation of Acinetobacter based on seasonality performed by
CDC. These studies observed higher rate of infection during the months of July-
October than November to June. In this study, we found seasonal variation in
case of Blood stream infection, pyogenic infection, meningitis cases and not in
other infections. This could be due to increased moisture and warmth in the
environment, leading to an increase in their growth. Furthermore, skin colonization
is higher in temperate climates than cold climates [27]. Therefore, measures to
prevent skin colonization need to be more stringently followed during these
months. While observing the seasonal trend in different hospital areas, trend seen
in all ICUs, Medicine wards and surgery wards.
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It is not surprising as the organism survive both in dry and moist conditions and
hospital environment serve as reservoir where critical patients are lying but many
studies including molecular need to be performed to understand the mechanism of
seasonal variation.

Conclusion

In conclusion, Acinetobacter spp. can spread easily and remain endemic in
hospitals. Therefore, the epidemiological profile of this organism should be
monitored and any change in the trend must be highlighted. The infection control
measures could include environmental surveillance and detection of colonization.
The isolation of a patient (colonized or infected) with MDR is necessary.

Application of research: Continuous training of staff regarding the correct
aseptic care of indwelling devices mainly vascular catheters and endotracheal
tubes and extensive surveillance during summer and rainy seasons are the
optimal approaches to eliminate Acinetobacter spp. from the hospital environment.
As the isolation of MDR and ESBL Acinetobacter spp. is very high, the detection of
MDR and ESBL producers is necessary to prevent therapeutic failures.
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