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Abstract

Background: The hospital environment usually involves in cross-colonization and/or outbreaks of carbapenem-resistant Acine-
tobacter baumannii (CRAB). This study aims to identify genetic diversity of environmental Acinetobacter baumannii (A. baumannii)
isolates based on OXA-type carbapenems.

Objectives: It was intended to identify the environmental source of A. baumannii strains to control future infections and ongoing
outbreaks.

Methods: Swab samples were collected from equipment, fluids and surfaces of intensive care units of five hospitals (H1 to H5). The
susceptibility of the isolates was defined through disk diffusion method. blaoxa.si, blaoxass, blaoxa23, and blaoxa»4 genes were detected
by multiplex polymerase chain reaction (PCR). Genetic diversity was investigated using ERIC-PCR. Mean values were compared using
an Independent samples t-test.

Results: The mean number of Gram-negative bacilli colony per sample was significantly higher in moist surfaces (1.9 & 2.37) than
in dry surfaces and medical equipment (P < 0.05). Among 32 A. baumannii isolates, 17 (53.1%) were classified as CRAB, 13 (40.6%) as
multidrug resistant (MDR) and six (18.8%) as extremely drug resistant (XDR) phenotypes. The isolates showed the most susceptibility
to tigecycline (81.3%) and doxycycline (81.3%). Totally, 10 isolates (31.3%) carried blaoxa2; and one isolate carried blaoxass, but none
contained blaoxa2a. Typing of the strains provided seven single types (ST) and nine clusters (A-I). Two isolates in cluster B (different
surfaces of H4) and two in cluster I (from ventilators of H3 and H1) were designated as common type (CT). In H4 and Hi, different
isolates belonging to different clusters were recovered from bed sheet and baby sink bath, respectively.

Conclusions: Clonally-related blaoxa»; positive CRABs occurred in the environment, especially on moist surfaces of hospitals. The
distribution of the same clones in different hospitals may point to expansion of a specific clone which increases the risk of cross-
colonization of vulnerable patients.
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1. Background

It has long been known that Gram-negative bacilli
(GNB) are associated with sustaining health-care associ-
ated infections (HAIs); among them, Acinetobacter bau-
mannii (A. baumannii) is an emerging pathogen of human
HAIs, with increasing morbidity and mortality worldwide
(1). Hospital-acquired A. baumannii infections are typically
manifested as ventilator-associated pneumonia, menin-
gitis, bacteremia, urinary tract infections, and surgical
wound infections (2).

Carbapenems have lost their efficacy against A. bau-
mannii nosocomial infections due to increasing admin-
istration during the last years (3, 4). Growing preva-
lence of carbapenem-resistant and multidrug resistant
A. baumannii is a major risk in care facilities. This re-
sistance is often associated with acquisition of class D
[-lactamases including OXA-type carbapenemases (OTC)
such as blaogya.ss, blaoxa24, blaoxaias and blagxa; genes (5).
Metallo (-lactamases (MBLs) and carbapenemases of Am-
bler class A also play important roles in this regard (6). Sev-
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eral pieces of evidence around the world have shown dis-
semination of OTC-harboring A. baumannii strains within
and between hospitals (6, 7).

The two characteristics of multidrug resistance devel-
opmentand survival in the hospital environment have pro-
voked A. baumannii to emerge as a successful opportunistic
nosocomial pathogen (8). The hospital surface may repre-
sent as a reservoir for A. baumannii clones which easily cir-
culate in both environmental and clinical settings. Identi-
fication of the source or reservoir of A. baumannii strains is
a key factor to control future infections and ongoing out-
breaks.

2. Objectives

In the current report, we evaluated the distribution of
carbapenem resistant A. haumannii isolates in the environ-
mental surfaces of five hospitals in central Iran.

3. Methods

3.1. Setting and Sampling

During a 9-month period from March to November
2018, swab samples were collected from equipment, fluids
and surfaces of intensive care units (ICUs) of five hospitals
(H1to H5) in Qom City, central Iran. H11is a gynecology hos-
pital established in 1958, with 156 fixed beds and an active
neonatal intensive care unit (NICU). H2 is the biggest uni-
versity hospital in the city, established in 1982, with 500
fixed beds. H3 is a major dialysis center of the city, estab-
lished in 1964, with 230 fixed beds. H4 is currently the
largest trauma center of the city, established in 1945, with
276 fixed beds. Finally, H5 is established in 1990, with 158
fixed beds. Sampling was performed to reach the calcu-
lated sample size of 194 Gram negative bacilli. To this end,
samples were collected from equipment and medical de-
vices using a moistened sterile swab from a 10 cm? surface
area. Similarly, sampling of moist surfaces was carried out
by rubbing the swabs on the surface area. Sampling from
fluids was also performed from 1 mL of liquids.

3.2. Identification and Culture of the Isolates

The swabs were cultured on sheep blood agar and sub-
cultured on MacConkey agar medium (MicroMedia, Aus-
tralia). After incubation at 35°C for 48 hours, well-isolated
single colonies recovered from agar plates were inocu-
lated into triple sugar iron (TSI) agar (Merck KGaA, Darm-
stadt, Germany) and the results were used for discrimi-
nating nonfermenter bacteria. Acinetobacter spp. were
identified based on colony characteristics, growth at 44°C,
oxidase test, urease, lysine decarboxylase (MicroMedia,

Australia), arginine decarboxylase, DNase, Fluorescence-
Lactose-Denitrification and the oxidative fermentative test
with maltose, mannitol, fructose and dextrose (Merck
KGaA, Darmstadt, Germany) (9). The API 20NE system
(bioMerieux, France) was used in some instances. The re-
sult of A. baumannii detection was confirmed by PCR am-
plification of blagxas;-like gene using specific primers.

3.3. Antibiotic Susceptibility Testing

The susceptibility of isolates to antibiotics was de-
termined using the disk diffusion method according to
CLSI guidelines (10). The tested antibiotics included
imipenem (10 mg), meropenem (10 mg), doripenem (10
mg), cefepime, (30 mg), ceftazidime (30 mg), cefotaxime
(30 mg), ceftriaxone (30 mg), amikacin (30 mg), gen-
tamicin (10 mg), doxycycline (30 mg), minocycline (30
mg), tigecycline (15 mg), piperacillin/tazobactam (110 mg),
ticarcillin/clavulanic acid (85 mg), gatifloxacin (5 mg),
ciprofloxacin (5 mg), levofloxacin (5 mg), and trimetho-
prim/sulfamethoxazole (25 mg) (Mast Group Ltd., UK).
Carbapenem-resistant A. baumannii (CRAB) was defined as
resistance to at least two carbapenems, and multidrug-
resistance (MDR) was defined as isolates showing non-
susceptibility toatleast one agentin > 3 antimicrobial cat-
egories. Isolates that were non-susceptible to at least one
agentin all categories except one or two antimicrobial cat-
egories regarded as extensively drug resistant (XDR)A. bau-
mannii. The CLSI breakpoints and interpretation for zone
diameter were refereed (10).

3.4. Multiplex PCR for Detection of OXA-Type Carbapenemases
Genes

The standard phenol-chloroform extraction procedure
was followed for genomic DNA extraction (11). A mul-
tiplex PCR was used to detect blapxass, bldoxaz4, and
blaoxa»; genes in A. baumannii isolates, as described previ-
ously (12). A. baumannii reference strains NCTC 13304, NCTC
13302, and NCTC 13305 were used as positive control for
blaoya.23, blaoxa24, and blapxass genes, respectively. The se-
quencing result was submitted to the GenBank database
under the accession number JQ409995.1.

3.5. Enterobacterial Repetitive Intergenic Consensus-PCR

The primer pair ERIC1 (5’
ATGTAAGCTCCTGGGGATTCAC3’)  and  ERIC2  (5'-
AAGTAAGTGACTGGGGTGAGC-3') were used to amplify
intervening fragments of ERIC in the genomic DNA. Am-
plification reactions were performed in a final volume of
25 pL. Each reaction contained 2.5 pL of 10 x PCR ViBuffer,
800 1M dNTP mixture (CinnaGen, Iran), 2.5 U MaxTaq DNA
polymerase enzyme (Vivantis Technologies Sdn. Bhd.,,
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Malaysia), 0.6 uM of each primer, 4000 uM MgCl,, 3 uL
DNA template, and ddH, 0 up to 25 pL. Amplification reac-
tions were carried out with initial denaturation (5 minutes
at 95°C), followed by 35 cycles of denaturation (1 minutes
at 94°C), annealing (1 minutes at 37.5°C) and extension
(3 minutes at 72°C), with a final extension at 72°C for 5
minutes. Clonal relatedness of the strains was analyzed
from scanned images of the agarose gel pictures using
the GelCompar II software (Applied Maths, Belgium) with
the band matching coefficient of Dice. The isolates were
clustered using the unweighted pair-group method with
arithmetic mean and displayed in dendrogram forms.

3.6. Statistical Analysis

SPSS version 22 (SPSS Inc., Chicago, IL) was used for sta-
tistical analyses of the studied parameters. The mean val-
ues between the groups were compared using an Indepen-
dent sample t-test, and P < 0.05 were considered statisti-
cally significant.

4. Results

Totally, 396 swab samples were collected from surfaces
and medical equipment of the five hospitals, and 1205
colonies of bacteria including 194 non-duplicate GNB were
isolated (Table 1).

When looking at the data of all the hospitals asa whole,
the mean number of GNB colony per sample was 1.9 & 2.37
(86.6%)in moist surfaces, which was significantly (P < 0.05)
more than that in dry surfaces (0.51 = 0.78) and medical
equipment (0.43 % 0.83). Of 151 non-fermentative bacteria,
32 isolates (21.2%) were identified as A. baumannii (five from
Hi, two from H2, six from H3, 12 from H4, and seven from
H5). In addition, 25 strains of the genus Acinetobacter spp.
other than baumannii were recorded.

The results also revealed that 17 isolates (53.1%) were
CRAB, 15 were CSAB, 13 (40.6%) showed MDR phenotype, six
(18.8%) showed XDR phenotype and the remaining were
susceptible (Figure 1). Based on the results, six isolates
showed intermediate susceptibility to tigecycline (81.3%
susceptibility) and six isolates showed resistance to doxy-
cycline (81.3% susceptibility). The rate of resistance was
higher for the other antibiotics.

Typing of the A. baumannii strains by ERIC-PCR pro-
vided two to 10 bands of amplification with a range of 160
to 1600 bp sizes in electrophoresis. With similarity level of
at least 50%, seven single types (STs) and nine clusters (A -
I) were classified. The most prevalent ERIC-PCR genotype
was cluster B (15.6%). Isolates with similarity level of 100%
were classified as common type (CT). In cluster B, two iso-
lates of 89-7and 93 - 2 in H4 were CT, which were recovered
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Table 1. Distribution of Isolated Bacteria in the Different Hospitals in Relation to Environmental Specimens

Recovered Colony Number

Total
Mean/
Sample
+SD

Total
GNB

Total
Bacte-
ria

H5

H4

H3

H2

H1

GNB Mean/
Sample

All Bac-
teria

Mean/
Sample

GNB

All Bac-

GNB Mean/
Sample

All Bac-

GNB Mean/
Sample

All Bac-
teria

Mean/
Sample

GNB

All Bac-
teria

teria

teria

0.43+

251

0.57

52

0.47

97

0.62

63

25

0.2

14

Equipment

0.83

238 12 0.85 162 1 0.68 681 41 0.51+
0.78

0.97

178

0.05

10 0.54 56

47

Dry sur-
faces

38 2.7 77 30 1.88 63 33 22 273 127 19+

72

0.4

25 1.47 20

41

Moist
sur-

237

faces

194

1205

52

277

51

412

53

313

101

36

102

Total
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Relatedness %

ERIC
Isolate TYPe

113-1 A
392-2 A
252-1 ST
185-3 B
320-4 B
89-7 B
93-2 B
314-3 B
190-4 C
209-8 C
33-2 ST
198-6 ST
261-1 ST
89-6 D
93-1 D
217-1 D
254-1 D
254-2 ST
368-2 E
89-2 E
139-1 ST
352-1 F
355-1 F
190-5 G
205-4 G
263-1 H
368-4 H
253-3 ST
321-4 |
354-5 |
127-1 |
383-1 |

Resistance

Non-susceptibility Profile

blaOXA Gene

Phenotype oxa-oxa-oxa- Surface Hospital

23 24 58 Type

TS, PTZ, CRO, CTX, TC, CPM CSAB N N N LightsSwitch H4
TS, PTZ, CRO, CTX, TC, CPM CSAB N N N safetyBox H1
TS, PTZ, CRO, CTX, IMI, AK, LEV, DOR, CAZ, DOX, TC, MDR;
CPM, MEM crAB PN N sink H2
CRO, CTX, CAZ, CPM csAB N N N ECTMachine H5
caz csAB N N N sink H3
TS, TGC, PTZ, CRO, CTX, GM, IM|, AK, LEV DOR, CAZ, XDR;
DOX, TC, CPM, GAT, MEM, MN CcrAB P N N BedSheet H4
TS, PTZ, CRO, CTX, GM, AK, LEV, DOR, CAZ, TC, CPM, MDR;
GAT, MEM CRAB N N N Portable X-ray H4
TS, TGC, PTZ, CRO, CTX, GM, AK, LEV, DOR, CAZ, MDR; p N N Monitoring o
DOX, TC, CPM, GAT, MEM CRAB Device
TS, TGC, PTZ, CRO, CTX, GM, IM|, AK, LEV DOR, CAZ, XDR; N N N Baby Bath H1
DOX, TC, CPM, GAT, MEM, MN CRAB Sink
TS, TGC, PTZ, CRO, CTX, GM, AK, LEV, DOR, CAZ, MDR;
DOX, TC, CPM, GAT, MEM crRAB P N N Pilow H3
CRO, CTX, CAZ, CPM CSAB N N N PatentTable H4
TS, CRO, CTX, CAZ, TC, CPM CSAB N N N Baby Bath Tap H1
TS, PTZ, CRO, CTX, AK, LEV, DOR, CAZ, DOX, TC, MDR;
CPM, GAT, MEM, MN CRAB N N N sink H5

MDR;
TS, CRO, CTX, CAZ, TC, CPM Csas N N N BedSheet H4
TS, PTZ, CRO, CTX, GM, LEV, AK, DOR, CAZ, TC, CPM, MDR;
GAT, MEM CRAB P N P Portable X-ray H4
CRO, €TX csaB N N N BandAid H3
CRO, CTX, CAZ, CPM csaB N N N BedSheet H5
TS, PTZ, CRO, CTX, GM, LEV, DOR, CAZ, TC, CPM, MDR;
GAT csAB N N N BedSheet H5
CRO, CTX, CAZ, CPM csAB N N N Curtain H5
TS, PT2, CRO, CTX, GM, IMI, AK, LEV, DOR, CAZ, DOX, XDR; P N N BedShest Ha
TC, CPM, GAT, MEM CRAB
TS, PTZ, CRO, CTX, GM, AK, LEV, DOR, CAZ, TC, CPM, MDR;

Safety Box

GAT, MEM crAB N N N ty H2
TS, PTZ, CRO, CTX, GM, AK, LEV, DOR, CAZ, TC, CPM, MDR; N N N BedShest HS
GAT, MEM CRAB
TS, TGC, PTZ, CRO, CTX, GM, AK, LEV, DOR, CAZ, XDR; P N N Faucet HS
DOX, TC, CPM, GAT, MEM CRAB
TS, PTZ, CRO, CTX, GM, AK, LEV, DOR, CAZ, TC,CPM, MDR; N N N BebyBath .
GAT, MEM CRAB Sink
CRO, CTX, CAZ, CPM csaB N N N soap Tray H3
TS, PTZ, CRO, CTX, GM, IMI, AK, LEV, DOR, CAZ, DOX, XDR;
TC, CPM, GAT, MEM, MN crAB PN N Pillow H5
CRO, CTX CsAB N N N Curtain H5
TS, PTZ, CRO, CTX, GM, AK, LEV, DOR, CAZ, TC, CPM, MDR;
GAT, MEM CRAB P N N sink H5
TS, PTZ, CRO, CTX, GM, AK, LEV, DOR, CAZ, TC, CPM, MDR;
GAT, MEM CRAB N N N BedSheet H3
TS, TGC, PTZ, CRO, CTX, GM, IMI, AK, LEV, DOR, CAZ, XDR; B N N PatientTable HS
TC, CPM, GAT, MEM CRAB
CRO, CTX csAB N N N Ventilator H3
TS, CRO, CTX, CAZ, TC, CPM CsAB N N N Ventilator H1

Figure 1. ERIC-PCR profiles and characteristics of the environmental Acinetobacter baumannii isolates. N, negative; P, positive; H, hospital; ST, single type; IMI, imipenem,;
MEM, meropenem; DOR, doripenem; CPM, cefepime; CAZ, ceftazidime; CTX, cefotaxime; CRO, ceftriaxone; AK, amikacin; GM, gentamicin; MN, minocycline; DOX, doxycycline;
TGC, tigecycline; TS, trimethoprim-sulfamethoxazole; CO, colistin sulphate; PTZ, piperacillin-tazobactam; GAT, gatifloxacin; CIP, ciprofloxacin; LEV, levofloxacin; TC, ticarcillin-

clavulanic acids.

from bed sheet and portable X-ray, respectively. Moreover,
in cluster I, two isolates of 127 -1 and 383 - 1 from different
hospitals (H3 and H1) were designated as CT, and were both
recovered from ventilator. Further, in cluster A, two iso-
lates of 113 - 1 and 392 - 2 from different hospitals (H4 and
H1) had at least 90% similarities, and were recovered from

light switch and safety box, respectively.

The multiplex PCR assay for OTC genes showed that 10
of the 32 A. baumannii isolates (31.3%) carried blaoxa.,3, One
isolate carried blapxa.ss, and none contained blagya,s. All
blaoxa»; gene positive isolates showed CRAB MDR/XDR phe-

notype.
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Two blagxa,s gene positive CRAB isolates in cluster B
(89 - 7, 314 - 3) were recovered from bed sheet and mon-
itoring device in H4. From the same hospital, two other
blaoya.,3 positive CRAB isolates (93 -1 and 89 - 2) from clus-
ters D and E were recovered from portable X-ray and bed
sheet, respectively. One blaoxa.»; positive CRAB isolate was
obtained from isolates of H2 (252 - 1) and H3 (209 - 8) as
different genotypes. In H5, four blapxa.,; positive CRAB iso-
lates (253 - 3, 355 - 1, 263 - 1, and 354 - 5) with different
genotypes were isolated from sink, faucet, pillow and pa-
tient table, respectively. The co-occurrence of blagxass and
blaopxa,; was found in the CRAB MDR isolate (93 - 1) of clus-
ter D genotype from H4.

5. Discussion

There are limited reports about the investigation of
A. baumannii in the hospital environment from Iran and
other countries of the region (13-16). We screened surfaces
and equipment of five hospitals and observed a high fre-
quency (53.1%) of CRAB isolates which were simultaneously
resistant to some tested antimicrobial agents. Previously,
the high distribution of XDR A. baumannii in clinical iso-
lateswas reported in hospitals of Tehran, central Iran (7,17).
Based on the present results, tigecycline exhibited promis-
ing in vitro activity against A. baumannii isolates. This find-
ingisinagreement with previous works, showing the high-
est susceptibility of A. baumannii clinical isolates to tigecy-
clin (18). Therefore, this antibiotic might be regarded as
a treatment option for infections due to MDR/XDR A. bau-
mannii (19, 20).

CRAB isolates were also detected on devices often used
for patient care such as portable X-ray and also on sur-
faces touched by staff and patients. A. baumannii might
first spread from infected patients or colonized person-
nel/visitors and then contaminate surfaces, thereby acting
as prolonged sources for HAIs. Several studies suggested
that A. baumannii could colonize different medical equip-
mentand surfaces (11, 21, 22) and also could persist for years
in patients (23) with the ability of biofilm formation (11).
In the present study, we observed a significant MDR (21.9%)
and XDR (18.8%) frequency. The XDR rate in this study was
lower than the usual reported rates of clinical A. hauman-
niiisolates, as it reached more than 90% in one report from
Tehran (7). However, the MDR rate in this study was higher
than reported rates of clinical isolates.

The ERIC-PCR result revealed at least four distinct clus-
ters of A. baumannii in ICUs of all the hospitals except for
H2 which showed two STs. In this study, some A. baumannii
isolates with similar typing pattern were recovered from
the different hospitals, indicating that clonal expansion

Arch Clin Infect Dis. 2020;15(1):€95602.

of certain strains might take place in some of the hospi-
tals probably through shared visitors or patients. Despite
the clonal relatedness of these strains, the presence of the
blaoxa; gene was not demonstrated for these isolates, and
theresistance profiles of 127-1and 383 -1were not identical.
This discrepancy might be explained to some extent by the
potential of A. baumannii to acquire foreign resistance el-
ements as a result of selective pressure forced with antibi-
otics in patients and/or with antiseptics in the healthcare
environment (24, 25).

A notable issue is the detection of two isolates in one
clone from two geographically distinct hospitals, which
were both obtained from ventilator. This suggests the pos-
sible potential of some specific genotypes of A. bauman-
nii to resist and overcome hospital conditions, leading to
inter-hospital dissemination of the same clones. Ventilator
associated pneumonia due to MDR A. baumannii is one of
the most common nosocomial infections, which accounts
for high mortality rate in ICU hospitalized patients (26).

Detection of three different clones from baby bath sink
of the H1 NICU and three different clones from bed sheet of
the H4 ICU, which were all recovered in the same month,
may reflect a heavy contamination source of endogenous
A. baumannii and probably failure to conform to control
measures and guidelines in these hospitals (27).

In different regions of Iran, OXA type [-lactamases
have been widely studied in clinical isolates of A. bau-
mannii (17, 28, 29) and it has been shown that blagya 3 is
the most frequent OTC gene among nosocomial A. bau-
mannii isolates (17, 30-33). However, data on the distribu-
tion of blapxa,; in the environmental isolates of A. bauman-
nii is uncommon. While in this study, 31.3% of the iso-
lates had blagxa s, a recent study from Iran reported that
77.5% of 40 strains isolated from air, water and surfaces
carried blapxazs (34). Similarly, other studies suggested
higher frequency of 68.7% (15), 58% (20) and 43.3% (27) for
blaoxa»; gene positive isolatesin the hospital environment,
as compared to the present results. The stability and circu-
lation of blagxa»; producing isolates may finally result in
acquisition and horizontal transferring of genes to other
strains.

We detected one blapyass positive isolate. The first
known blapxa.ss producing Acinetobacter isolate was recov-
ered in France in 2003. The co-occurrence of blagxa,; and
blaoxass in clinical isolates has been reported occasionally
(30, 35-38). There is evidence supporting the presence of
blagxass carbapenemase in outbreak strains of A. bauman-
nii and its contribution in CRAB outbreaks occurring in
hospitals (38-41).
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5.1. Conclusions

This study provides evidence of the presence of clon-
ally related blapya.»; producing CRAB in the hospital envi-
ronment, particularly on moist surfaces in ICUs of tertiary
hospitals. The clinical significance of multi resistant A.
baumannii is of great concern since the distribution of the
same clones in different hospitals on equipment such as
ventilator may increase the risk of cross-colonization of
vulnerable patients. Moreover, a combination of multi-
drug resistance and blagxa,; and/or blagxa sg may result in
sustained surveillance of suchisolates in the healthcare en-
vironment and their involvement in outbreaks.
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