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ABSTRACT

Acinetobacter baumannii is one of the most clinically significant pathogens that cause severe nosocomial infections.
Rapid identification of this bacterial species is essential so that proper treatment can be provided and outbreaks can be
controlled. In this study, a multiplex PCR was used to identify A. baumannii. Twenty clinical isolates of A. baumannii and
three each of Gram + ve (Staphylococcus aureus, Bacillus licheniformis, Micrococcus yunnanensis) and Gram—ve (Proteus
mirabilis, Pseudomonas aeruginosa, Klebsiella pneumoniae) bacterial isolates were subjected to singleplex and multiplex
PCR reactions using three sets of species-specific primers (P-Ab-ITS-F, P-Ab-ITS-R; OXA-51-like-F, OXA-51-like-R; sp2-F,
sp4-R). Additionally, 24 Acinetobacter spp., including A. baumannii genomes, were retrieved from the National Center for
Biotechnology Information GenBank database and aligned with each primer using the Blast program. The complementary
bases of the primers with the bacterial genome were determined, and their melting temperatures were calculated using
the Promega Tm calculator. Multiplex PCR successfully amplified three amplicons in all the tested A. baumannii isolates;
however, it did not amplify other bacterial species. Furthermore, in comparison to other Acinetobacter spp., there were
significant differences in the mean annealing temperatures of the primer sets for A. baumannii (p < 0.01). Taken together,
multiplex PCR can be considered a relatively simple, rapid, and specific method for the identification of A. baumannii.
Moreover, it is feasible in most laboratories and is essential for clinicians, the control of outbreaks, and epidemiological

studies.
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Introduction

Acinetobacter baumannii is an emerging nosocomial
pathogen worldwide. This bacterial species causes
many infections, including ventilator-associated
pneumonia, secondary meningitis, bacteremia, and
urinary tract infections. »? In addition, A. baumannii
exhibits multidrug resistance (MDR), extensive drug
resistance (XDR), and pan-drug resistance (PDR),

acquired by mutations or acquisition of plasmids
or transposons.®>* Furthermore, it can survive in
different environments owing to biofilm production.®
According to the World Health Organization (WHO),
A. baumannii is a critical pathogen threatening human
life and urgently requires new antibiotics. %’

The accurate identification of Acinetobacter spp. is
essential for assessing their frequency in clinical sam-
ples and their role as human pathogens.® However,
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currently, identifying the Acinetobacter genus at the
species level remains challenging. The six species
that comprise the A. calcoaceticus—-A. baumannii com-
plex (ACB complex) A. calcoaceticus (genomic species
1), A. baumannii (genomic species 2), A. pittii (ge-
nomic species 3), A. nosocomialis (genomic species
13TU), A. seifertii, and A. lactucae- are closely related
genetically, making it complex to distinguish them
phenotypically.®

Ribotyping is a method used to identify A. bauman-
nii with promising results. '° However, this method is
time-consuming and complex.!! Matrix-assisted laser
desorption ionization-time of flight mass spectrome-
try (MALDI-TOF MS) is a relatively new technology
used to identify Acinetobacter spp. that generally
shows promising results. !> Nonetheless, this technol-
ogy can also misidentify some strains of Acinetobacter
due to the type of apparatus used and its database. !>

The development of molecular methods for bac-
terial identification has permitted precise inter- and
intra-species determination.® DNA-DNA hybridiza-
tion techniques have been used to identify the
Acinetobacter genus; however, this technique is inap-
propriate for routine laboratory use.'* Acinetobacter
spp. can also be determined by restriction analysis
of ribosomal DNA genes,'®> the region located be-
tween the 16S-23S rRNA genes, the intergenic spacer
(ITS),'! and the recA gene.'® However, these primers
complement regions found in other bacterial genera;
therefore, amplicons from other bacterial species are
erroneously amplified. ”

Three research groups have developed specific
primers for identifying A. baumannii. The first group
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used the ITS region between the 16S-23S rRNA and
recA genes in a multiplex PCR reaction to identify
22 reference strains and 238 clinical isolates of the
genus Acinetobacter. Of these, 83 A. baumannii iso-
lates were identified using this method with 100%
specificity.'® In contrast, a second research group
used blapxa.s1.iike> blaoxa-23.1ike, and integrase I genes
using a multiplex PCR. The blagxa.sijike gene was
identified in 141 A. baumannii isolates but not in other
Acinetobacter spp.'° The last group used a PCR-based
method using differences in the gyrB gene to identify
A. baumannii and Acinetobacter genomic sp. 13TU.
They used 118 clinical and referenced Acinetobacter
spp. and correctly identified 31 A. baumannii using
that method. 2°

In this study, clinical isolates of A. baumannii were
identified using a combination of three primer pairs
(P-Ab-ITS-F, P-Ab-ITS-R), (OXA-51-like-F, OXA-51-
like-R), and (sp2-F, sp4-R) in a multiplex-based PCR
method to amplify the ITS region between the 16S-
23S rRNA, blagxa.s1.ike; and gyrB genes.

Materials and methods
Study design

This study was divided into experimental and the-
oretical parts (Fig. 1).

Bacterial isolates

Acinetobacter baumannii isolates were kindly pro-
vided by Mr. Sajjad Abudl Wahab, Institute of

B
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Fig. 1. Study design. A: Experimental part, B: Theoretical part.
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Table 1. Primer sets used for multiplex PCR reaction to amplify three genes in A. baumannii.

Primer Sequence (5'—3’) Ta* (°C) Amplicon size (bp) Reference
P-Ab-ITS-F CATTATCACGGTAATTAGTG 58 208 18
P-Ab-ITS-R AGAGCACTGTGCACTTAAG

OXA-51-like-F  TAATGCTTTGATCGGCCTTG 60 353 19
OXA-51-like-R  TGGATTGCACTTCATCTTGG

sp2-F GTTCCTGATCCGAAATTCTCG 60 490 20

sp4-R AACGGAGCTTGTCAGGGTTA

*Ta: Annealing temperature.

Genetic Engineering and Biotechnology for Post-
graduate Studies, Baghdad University. Gram-positive
(Staphylococcus aureus, Bacillus licheniformis, Micro-
coccus yunnanensis) and gram-negative isolates (Pro-
teus mirabilis, Pseudomonas aeruginosa, Klebsiella pneu-
moniae) were kindly provided by Mr. Arif Abbas
Ghiab, College of Biotechnology, Al-Nahrain Uni-
versity. All isolates were identified using 16S rRNA
followed by sequencing and Blast program analysis.
The isolates were inoculated into Brain Heart Infusion
broth and incubated overnight at 37 °C with shaking.
For long-term storage, 1 ml of the culture was mixed
with 1 ml of 60% glycerol and stored at —20 °C.

DNA extraction and PCR amplification

DNA was extracted from the bacterial isolates us-
ing the Presto™ Mini gDNA Bacteria Kit (Geneaid,
Taiwan) according to the manufacturer’s instructions.
The concentration and purity were estimated using
NanoDrop 2000C (Thermo Fisher Scientific, USA) and
stored at —20 °C for further use. Using single and
multiplex PCR, genes were amplified using three sets
of primers (Table 1).

Each primer set was used in a single reaction to
amplify a specific region of A. baumannii genome.
After this, three primer sets were combined for bacte-
rial identification using a multiplex PCR-based assay.
First, a single PCR reaction was accomplished using
template DNA (100 ng) in a total reaction volume of
25 ul containing 1X GoTaq® G2 Green Master Mix
(GoTaq® G2 DNA polymerase, 200 M of each dNTP,
1.5 mM MgCl,, pH 8.5, and yellow as well as blue
dyes) [Promega, USA] and 0.4 uM of each forward
and reverse primers. The PCR program included an
initial denaturation at 95 °C for 2 min, followed by
35 cycles of denaturation at 95 °C for 30 s, anneal-
ing at 58 °C or 60 °C (depending on the primer set)
for 30 s, extension at 72 °C for 30 s, and a final
extension step at 72 °C for 5 min. Then, multiplex
PCR was performed by mixing three primer sets (P-
Ab-ITS-F, P-Ab-ITS-R; OXA-51-like-F, OXA-51-like-R;
sp2-F, sp2-R) with the same components and reaction
conditions, except for annealing temperature of 56 °C.

The identity of A. baumannii was further confirmed by
sequencing the gyrB gene using the Sanger method
(Macrogen, Korea).

Calculating annealing temperature

Genome sequences of the 24 Acinetobacter spp.
were retrieved and aligned with each primer using
the BLAST program on the NCBI website. The com-
plementary bases of the primers with the genome of
the isolates were determined, and their melting tem-
peratures were calculated using the Promega Tm cal-
culator (https://worldwide.promega.com/resources/
tools/biomath/tm-calculator/). The annealing tem-
perature was one degree below the lowest Tm for
each primer set.

Statistical analysis

Statistical analysis was performed using the Sta-
tistical Package for the Social Sciences version 26
(SPSS-V.26) [IBM, USA]. Analysis of variance was
used to compare the mean of the annealing tempera-
tures of the primers. Furthermore, a Tukey honestly
significant difference (HSD) post hoc test was used
to compare the significance of the mean annealing
temperature of the primers that have annealed to the
genome of A. baumannii compared to other Acineto-
bacter genomes.

Results

Amplification of ITS region

The DNA of 20 A. baumannii, 3 Gram-positive, and
3 Gram-negative bacterial isolates was subjected to
PCR using specific primers (P-Ab-ITS-F and P-Ab-ITS-
R) to amplify the ITS region, located between the 16S
and 23S rRNA genes. Amplicons with a molecular size
of 208 bp were observed in 20 A. baumannii isolates.
On the other hand, there were no amplified bands
were observed for other species of Gram-positive and
Gram-negative bacteria which can be an indicator
that the primer set are species specific (Fig. 2).


https://worldwide.promega.com/resources/tools/biomath/tm-calculator/
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Fig. 2. Amplification of ITS region using primer pair (P-Ab-ITS-F and P-Ab-ITS-R). Lanes 1-20: A. baumannii isolates, Bl: B. licheniformis,
MY: M. yunnanensis, Sa: S. aureus, Kp: K. pneumoniae, Pa: P. aeruginosa, Pm: P. mirabilis, —ve: negative control, M: 100 bp DNA ladder.

Gel electrophoresis was done on 1% agarose at 5 V/cm for 90 min.
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Fig. 3. Amplification of blapxa-s1.ike Carbapenemase gene using primer pair (OXA-51-like-F and OXA-51-like-R). Lanes 1-20: A. baumannii
isolates, BI: B. licheniformis, MY: M. yunnanensis, Sa: S. aureus, Kp: K. pneumoniae, Pa: P. aeruginosa, Pm: P. mirabilis, —ve: negative
control, M: 100 bp DNA ladder. Gel electrophoresis was done on 1% agarose at 5 V/cm for 90 min.

Amplification of blapxa-s1.ke Carbapenemase gene

The DNA of 20 A. baumannii, 3 Gram-positive, and
3 Gram-negative bacterial isolates was exposed to
PCR using specific primers (OXA-51-like-F and OXA-
51-like-R). Amplicons with a molecular size of 353 bp
were detected in 20 A. baumannii isolates. Conversely,
there were no amplified bands were observed for
other Gram-positive and Gram-negative bacteria in-
dicating the specificity of the primers to A. baumannii
isolates (Fig. 3).

Amplification of gyrB gene

The DNA of 20 A. baumannii, 3 Gram-positive, and
3 Gram-negative bacterial isolates was amplified us-
ing PCR with specific primers (sp2-F and sp4-R).
Amplicons with a molecular size of 490 bp were
observed in the case of 20 A. baumannii isolates.
Nonetheless there were no amplification was ob-
served for other Gram-positive and Gram-negative
bacteria indicating the specificity of this primer set
to A. baumannii isolates (Fig. 4).

Detection of A. baumannii using multiplex PCR

The DNA of 20 A. baumannii, 3 Gram-positive, and
3 Gram-negative bacterial isolates were subjected to
multiplex PCR using three primer sets (P-Ab-ITS-F
and P-Ab-ITS-R, OXA-51-like-F and OXA-51-like-R,
and sp2-F and sp4-R). Three amplicons with molecu-
lar sizes of 208 bp, 353 bp, and 490 bp were noticed
for 20 A. baumannii isolates. On the other hand, there
were no amplified bands for other Gram-positive and
Gram-negative bacteria which relatively can be con-
sidered an easy and accurate detection method for
A. baumannii isolates (Fig. 5).

Comparison of primer annealing temperature

The possibility of the three primer sets to detect
other Acinetobacter spp. was theoretically tested by
comparing the annealing temperature of the three
primers to the genome of A. baumannii (CP043953)
with other Acinetobacter spp. The mean annealing
temperature for all primers was calculated for each
species and compared with A. baumannii. The highest
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Fig. 4. Amplification of gyrB gene using primer pair (sp2-F and
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M. yunnanensis, Sa: S. aureus, Kp: K. pneumoniae, Pa: P. aeruginosa, Pm: P. mirabilis, —ve: negative control, M: 100 bp DNA ladder.

Gel electrophoresis was done on 1% agarose at 5 V/cm for 90 min.

M 12345 6 7 8 910 BIMySa-ve

.

bp bp
2000—

- 2000

1000 —— g
1000

500 —_ =
—SgZsssssssss -
s - ———— 00
300 T T - .- 300
200 - e

M 11 12 13 141516 17 18 19 20 Kp Pa Pm ve

v
.
- /‘____....-——f490bp
T e e o SN SN G e e e .
T emenenenenenenesemem—————————353bp
S - —————_—— -
A —  ————208bp

Fig. 5. Detection of A. baumannii using multiplex PCR with three primer sets (P-Ab-ITS-F and P-Ab-ITS-R; OXA-51-like-F and OXA-51-like-R;
sp2-F and sp4-R): A. baumannii isolates, Bl: B. licheniformis, MY: M. yunnanensis, Sa: S. aureus, Kp: K. pneumoniae, Pa: P, aeruginosa,
Pm: P. mirabilis, —ve: negative control, M: 100 bp DNA ladder. Gel electrophoresis was done on 1% agarose at 5 V/cm for 90 min.

mean annealing temperature was observed for A. bau-
mannii (59.67 °C), followed by A. pittii (CP002177)
(45 °C) and the lowest was for A. towneri (CP071766)
(38.33 °C). Additionally, the mean difference in the
annealing temperatures of the primers for A. bauman-
nii differed significantly from that of other species
(p < 0.01) (Fig. 6, Table 2).

Discussion

A. baumannii is a pathogen associated with many
nosocomial infections, such as septicemia, endo-
carditis, meningitis, urinary tract infections, wound
infections, and pneumonia.?! Hence, controlling out-
breaks and treating bacterial infections require pre-
cise and rapid identification of A. baumannii.??%*
Therefore, many research groups have used molec-
ular techniques using species-specific primers for
specific genes to identify bacterial isolates at the
species level.

This study used three primer sets targeting three
specific regions of the A. baumannii genome. The first

set targeted the ITS region between the 16SrRNA and
23SrRNA genes. Single-plex PCR was used to amplify
this region, and a 208 bp amplicon was observed for
all tested A. baumannii isolates. On the other hand,
it did not give any amplified band of the other six
Gram-positive and Gram-negative bacterial isolates.
This region is an excellent marker for identifying bac-
terial species and has high interspecies heterogeneity
among various Acinetobacter spp., with a range of
48-92% identity. Additionally, using this region, the
identity of the closest bacterial species within A. cal-
coaceticus-A. baumannii complex ranged from 86%
to 92%. Furthermore, the primer set (P-Ab-ITSF and
P-Ab-ITSB) are completely specific to A. baumannii
with identity 100% while the identity of this primer
set for other species within the complex ranges from
63-84%.%° Therefore, many research groups have
used this marker to identify A. baumannii isolates
from various sources. 2%’

The second set of primers was used to amplify part
of blapxa.s1.ike Carbapenemase genes in A. baumannii
isolates. A PCR reaction using this primer set for
amplifying a region corresponding to 353 bp band
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Fig. 6. The mean differences+tstandard error of primer annealing temperatures between A. baumannii and other Acinetobacter spp.

Table 2. The mean differences and significance of primer annealing temperatures between A. baumannii and other Acinetobacter spp.

Ta (°C) Mean difference Significance

Bacterial isolate™ Bacterial isolate Mean=+Standard error (Fa'by (p < 0.01)
A. baumannii A. pittii (CP002177) 45.00 + 2.68 14.67 p < 0.01
(CP043953)*

A. schindleri (CP044483) 44.67 + 2.31 15.00

A. soli (CP073241) 44.50 £+ 2.08 15.17

A. lactucae (CP053391) 44.33 + 2.17 15.33

A. shaoyimingii (CP049801) 44.17 £+ 3.26 15.50

A. chinensis (CP032134) 43.17 £1.05 16.50

A. cumulans (CP035934) 43.17 £ 2.79 16.50

A. defluvii (CP029397) 43.00 £+ 2.13 16.67

A. dispersus (CP041970) 43.00 £+ 2.52 16.67

A. calcoaceticus (CP020000) 42.83 +1.60 16.83

A. variabilis (AP024524) 42.33 + 3.14 17.33

A. indicus (CP071319) 42.17 £ 1.56 17.50

A. larvae (CP016895) 41.67 + 1.86 18.00

A. septicus (CP079898) 41.33 £+ 2.09 18.33

A. junii (CP024632) 41.00 £+ 1.37 18.67

A. seifertii (CP065820) 41.00 £+ 2.11 18.67

A. haemolyticus (CP030880) 40.83 + 1.83 18.83

A. nosocomialis (CP010368) 40.83 +£1.45 18.83

A. lanii (CP049916) 40.33 + 1.63 19.33

A. bouvetii (AP024595) 40.17 £1.70 19.50

A. wanghuae (CP045650) 39.50 + 1.38 20.17

A. equi (CP012808) 39.33 £ 1.59 20.33

A. towneri (CP071766) 38.33 + 1.52 21.33

*Ta for this isolate is 59.67 + 0.42 °C.
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was tested in all 20 A. baumannii isolates. In con-
trast, there were no amplicon was detected in the
other Gram-positive and Gram-negative bacterial iso-
lates tested. This marker was found to be specific to
A. baumannii isolates and has been used by many
research groups to distinguish this species from other
Acinetobacter spp.2®?° Although several variants of
blaOXA-51 genes have been determined, this primer
set were designed to detect almost all A. baumannii
variants with high specificity. 2’

The third primer set was used to amplify a 490 bp
of the gyrB gene, which showed positive results
in all tested A. baumannii isolates; however, it did
not show any amplicon in the other Gram-positive
and Gram-negative bacterial isolates tested. The
A. calcoaceticus-A. baumannii complex comprised
species that have been grouped together because
they are phenotypically nearly similar and genetically
closely related. Yet, there are substantial clinical and
epidemiological differences among these species. The
gyrB gene was used to identify Acinetobacter isolates
to the species level. Its nucleotide and amino-acid
sequences can be used for classification of Acinetobac-
ter spp. Therefore, this marker was selected due to
its effectiveness in identifying A. baumannii isolates
from other closely related Acinetobacter spp. of the
(A. baumannii-A. calcoaceticus) ACB complex. 303!

A multiplex PCR reaction was successfully per-
formed by mixing the three primer sets in a single
tube. Three amplicons of 208, 353, and 490 bp were
seen in every agarose gel lane for all A. baumannii
isolates; however, they failed to amplify the other
Gram-positive and Gram-negative bacterial isolates.
This reaction is easy to perform, confirms the bac-
terial species within a few hours, decreases the time
and labor required for DNA sequencing, and can be
performed quickly in many clinical laboratories. *!

Bioinformatics was also used to test the possible
amplification of the three primer sets within other
Acinetobacter spp. because of the limitation of this re-
search resource and to ensure that the primer set did
not amplify any other Acinetobacter spp. The results
showed a significant difference between the anneal-
ing temperatures of the three primer sets within
A. baumannii in comparison to the other Acinetobac-
ter spp. The annealing temperature of the A. pittii
(CP002177) was (14.76 °C) which was the closest
annealing temperature to the A. baumannii; however,
still there was a significant difference between the
two species making the possibility of detecting this
species is negligible using multiplex PCR with the
three primer sets. The annealing temperature differ-
ences for other species compared to the annealing
temperature of A. baumannii was ranged from 15 °C
to 19.33 °C. The highest difference of the anneal-
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ing temperature compared to A. baumannii annealing
temperature was 19.5 °C in A. bouvetii (AP024595).
Consequently, using a multiplex PCR with these three
primer sets specifically amplifies the A. baumannii
genome alone and cannot definitely amplify other
Acinetobacter spp. even the most related ones.

Conclusion

Multiplex PCR is a relatively simple and repro-
ducible technique, and the results can be obtained
within a few hours. Consequently, it can be employed
in most laboratories to identify bacterial species and
understand their epidemiology. In this study, three
primer sets (P-Ab-ITS-F, P-Ab-ITS-R; OXA-51-like-F,
OXA-51-like-R; sp2-F, sp2-R) were mixed in a one-
tube multiplex PCR reaction, which offered simplicity
and specificity for identification of A. baumannii from
other Acinetobacter spp. as well as from other bacte-
rial genera. The results of this study using multiplex
PCR were rapid and specific, and both infection
control staff and clinicians could benefit from this
method.
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