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Role of insertion sequence Aba-1 and AdeS 
in reduced tigecycline susceptibility in MDR-
Acinetobacter baumannii clinical isolates 
from Cairo, Egypt
Reem Hassana  , Ahmed Mukhtarb, Ahmed Hasaninb, Doaa Ghaitha

aDepartment of Clinical and Chemical Pathology, Faculty of Medicine, Cairo University, Cairo, Egypt, 
bDepartment of Anesthesiology, Faculty of Medicine, Cairo University, Cairo, Egypt

Infections caused by multidrug resistant (MDR) Acinetobacter baumannii (A. baumannii) especially in intensive 
care units have limited therapeutic options. Overexpression of the adeABC efflux pump may be caused either by 
the ISAba-1 insertion or by specific point mutations in adeR and adeS, therefore, plays a major role in conferring 
MDR-A. baumannii. We aimed in our study to monitor the tigecycline (TGC) susceptibility and to study the role 
of ISAba-1 and the adeS regulator within the AdeABC efflux pump among MDR-A. baumannii clinical isolates. 
MDR-A. baumannii (63) isolated from ICU patients were identified by detection of OXA-51-like gene. TGC MIC 
was determined by E-test and broth microdilution. PCR analysis of adeR, adeS, adeB and ISAba1 genes were 
done with further sequencing of adeS gene. Reduced susceptibility to TGC (MIC: 3–4 mg/L) was noticed in 6/63 
(9.5%) MDR-A. baumannii isolates, ISAba-1 was detected in three isolates that two of which showed amino acid 
substitutions in the adeS operon. We concluded that the amino acids mutations in the adeS gene in presence of 
insertion ISAba-1 may play a role in conferring reduced TGC susceptibility of MDR-A. baumannii.
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Introduction
MDR-A.baumannii is increasingly reported from Egypt caus-
ing a serious problem in treating patients admitted to intensive 
care units (ICU), as it has a very limited spectrum of therapy.1 
Tigecycline (TGC) was offered as a new drug to overcome 
the resistance problem; it is active against a wide spectrum of 
microorganisms. Tigecycline inhibits the 30S ribosomal sub-
unit, and evades the major determinants of tetracycline resist-
ance, the tet(A) to tet(E) and tet(K) efflux pumps and the tet(M) 
and tet(O) determinants, that offer ribosomal protection.2

Resistance to TGC is mainly through resistance-nodula-
tion-cell division (RND) family efflux system, three efflux 
pumps belonging to RND family, named AdeABC, AdeIJK 
and AdeFGH, of which AdeABC is the major cause of mul-
tidrug resistance, as it confers resistance to aminoglycosides, 
tetracyclines, fluoroquinolones, chloramphenicol, and tri-
methoprim and reduced susceptibility to tigecycline.3

The AdeABC consists of three structures; a transmem-
brane AdeB, an inner membrane fusion protein AdeA and 
an outer membrane protein AdeC. They are chromosom-
ally encoded, regulated by adeS, sensor kinase (SK) and 

adeR, response regulator (RR).4 The adeRS operon is 
located at the upstream of adeABC operon and is tran-
scribed in the opposite direction. The promoters of the 
adeABC operon and the adeRS operon were predicted at 
the region between the two operons.5,6

Overexpression of the adeABC pump may be caused 
either by the ISAba-1 insertion upstream of the adeABC 
operon acting as a strong promoter or by specific point 
mutations in functional conserved domains of adeR and 
adeS. However, the detailed mechanism regarding how 
the ISAba-1 element controls the AdeABC efflux pump 
overexpression remains unknown.4,6

We have screened 63 MDR-A.baumannii clinical isolates 
for AdeABC efflux pump and insertion ISAba-1 element, with 
further sequencing of adeS gene for better understanding of 
their role in isolates showing reduced susceptibility to TGC.

Materials and methods
A. baumannii is defined as MDR when the organism is 
resistant to at least one agent in three or more antimicrobial 
categories that would otherwise serve as treatments for A. 
baumannii infection.7

A total of 63 non-repetitive isolates of A.baumannii 
were isolated from ICU of Cairo University Hospital 
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in Egypt. Identification was done by polymerase chain 
reaction (PCR) for blaOXA-51-like gene Forward 5′-TAA 
TGC TTT GAT CGG CCT TG-3′, Reverse 5′-TGG ATT 
GCA CTT CAT CTT GG-3′.8

The Clinical and Laboratory Standards Institute (CLSI) 
guideline for the disc diffusion method was used to assess 
susceptibility to ampicillin/sulbactam, cefepime, cefotax-
ime, ceftazidime, ceftriaxone, ciprofloxacin, doxycycline, 
gentamicin, imipenem, levofloxacin, meropenem, pipera-
cillin, trimethoprim/sulphamethoxazole (Mast Diagnostics 
Ltd).9 Minimum inhibitory concentration (MIC) values of 
all isolates for TGC were initially determined by E-test 
method (AB bioMérieux, Solna Sweden) on Muller Hinton 
agar (Oxoid, Basingstoke, UK). TGC MIC was further 
confirmed using the broth microdilution method. TGC 
(Wyeth, Madison, NJ) powder was obtained from com-
mercial sources and was prepared in a solution with ster-
ilized water, and the solution was then frozen in aliquots 
at −80 °C. Tigecycline MIC was interpreted according 
to The U.S. Food and Drug Administration (FDA) (sus-
ceptible MIC ≤ 2 mg/L; intermediate MIC 2–8 mg/L; 
resistant MIC ≥ 8 mg/L).10 Escherichia coli ATCC 25922 
and Pseudomonas aeruginosa ATCC 27853 were used as 
quality control organisms to ensure accuracy of the anti-
microbial susceptibility assays.

PCR was performed for detecting the presence of 
adeR, adeS, adeB genes and to confirm the presence of 
ISAba-1 in adeS gene. Primers’ sequences, annealing con-
ditions and amplified PCR product size, are listed in Table 
1. Briefly DNA amplification was done as follows, in a 
total of 25 μl reaction volume, 10 μl of extracted DNA, 
12.5 pmol of each primer (Bioneer, AccuOligo®, Korea), 
and 1.5 U of Taq DNA polymerase in 1 μl PCR buffer con-
taining 1.5 mM MgCl2 (Fermentas Vilnius, Lithuania) and 
200 μM of each deoxynucleoside triphosphate. Cycling 
conditions were as follows: 94 °C for 3 min, and then 
cycles at 95 °C for 30 s, annealing for 1 min, and at 72 °C 
for 1 min, followed by a final extension at 72 °C for 
10 min.11,12

Sequencing of adeS gene was performed according to 
the manufacturer’s instructions. Briefly, the amplified PCR 
products were purified using the GeneJET PCR Purification 

Kit (Fermentas Vilnius, Lithuania), as defined by the sup-
plier, and 4 μL of purified PCR product was sequenced in 
20 μL final volume containing sequencing buffer, 3.2 pmol 
of forward primer, 3 μL of BigDye Terminator V3.1 mix 
(Applied Biosystems Calif. USA), 3 μL of BigDye™ 5X 
dilution buffer and 8 μL of deionized water. Sequencing 
reactions were purified using the BigDye XTerminator® 
Purification Kit (Applied Biosystems Calif. USA) and 
the purified products were sequenced on an ABI PRISM 
310 genetic analyser (Applied Biosystems Calif. USA). 
Sequences obtained were analysed with Autoassembler 
software and compared with those available in the 
GenBank database for microbial genomic sequences using 
BLAST (Basic Local Alignment Search Tool) optimized 
for highly similar sequences (www.ncbi.nlm.nih.gov).

Detection of amino acids mutations within adeS 
operon was performed through translation of the nucleo-
tide sequences of isolates into amino acids through using: 
ExPASy: SIB (Swiss Institute of bioinformatics) bioin-
formatics Resource Portal; translation tool (http://web.
expasy.org/translate/), then using NCBI; protein BLAST 
to match protein product against reference strains of A. 
baumannii; ATCC 17978, AB307-0294, AYE and ACICU, 
and search for amino acid substitution and identification 
of SNPs that could have occurred in the clinical isolates 
using multiple alignment tool. Further, we tried to find the 
implication of these amino acids substitution in functional 
conserved domains of adeS, using conserved domain data 
base on NCBI.13

Results
All 63 MDR-A.baumannii clinical isolates were posi-
tive for OXA-51-like gene, confirming the identification 
of A.baumannii. Reduced susceptibility to TGC (MIC: 
3–4 mg/L) was detected in 6/63 (9.5%) MDR-A.bauman-
nii clinical isolates, by both E-test and broth microdilution 
methods. adeR, adeS, adeB genes were positive in 96.8% 
(61/63), 63.4% (41/63) and 79.3% (50/63) of isolates, 
respectively.

The insertion ISAba1 within the adeS operon was posi-
tive in 3/63 (4.8%) of MDR-A.baumannii clinical isolates 
showing reduced TGC MIC as shown in Figure 1.

Table 1 Primers’ sequences of adeB, adeS, adeR and ISAba-1 genes, annealing conditions and amplified PCR product size

Gene Primer sequence
Annealing tem-

perature
Number of 

cycles PCR product size 

adeB Forward, 5′-GTATGAATTGATGCTGC-3′ 60 °C 40 700–800 bp
Reverse, 5′-CACTCGTAGCCAATACC-3′

adeS Forward5′-ATGAAAAGTAAGTTAGGAATTAGTAAG-3′ 50 °C 30 800–1000 bp
Reverse 5′-TTAGTTATTCATAGAAATTTTTATG-3′

adeR Forward, 5′-ATGTTTGATCATTCTTTTTCTTTTG-3′ 46 °C 30 700–800 bp
Reverse, 5′-TTAATTAACATTTGAAATATG-3′

ISAba-1 Forward, 5′-CATTGGCATTAAACTGAGGAGAAA-3′ (with adeS 
Reverse primer to confirm the insertion of ISAba1 within the 
adeS operon)
Reverse, 5′-TTGGAAATGGGGAAAACGAA 3′ (with adeR For-
ward primer to confirm the insertion of ISAba1 within the adeS 
operon)

http://www.ncbi.nlm.nih.gov
http://web.expasy.org/translate/
http://web.expasy.org/translate/
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Sequencing of the adeS gene for detection of point 
mutations revealed amino acid changes in two isolates. 
Sequence analysis of adeS of a representative isolate 
amino acids is shown in Figure 2.

Discussion
Tigecycline is recently introduced into ICUs of Cairo 
University Hospital, however, reduced susceptibility 
to TGC (MIC: 3–4 mg/L) was observed in 6/63 (9.5%) 
MDR-A. baumannii, in another study conducted in South 
Africa, TGC resistance (MIC ≥ 8 mg/L) was observed 
in 7% of A.baumannii, this was lower than reports from 
Taiwan and USA; where around 15% of the isolates were 
resistant to TGC.14–16

Clinical review of these patients documented begin-
ning of TGC (Tigacyl, the brand available in the Egyptian 
market) administration 10–14 days before growing of 
A.baumannii in bacterial culture.

Selective pressure caused by other antibiotics may also 
contribute to non-susceptibility to TGC, according to Sun 
et al. six TGC non-susceptible MDR-A. baumannii were 
isolated from patients who had never received TGC treat-
ment, and the MICs of which were about 4 to 8 mg/litre.17 
Other studies suggested that exposure to TGC itself may 
induce the expression of efflux pumps and present with 
TGC non-susceptibility.4,11,18

In our study, ISAba-1 was positive in three cases with 
reduced TGC susceptibility. ISAba-1 translocation in adeS 
leads to its disruption with transcriptional activation of 
adeABC. Other studies emphasize the role of ISAba-1 in 
overexpression of adeABC and reduced TGC suscepti-
bility.14 On the contrary Sun et al. and Yoon et al. did not 
detect ISAba-1 among isolates with reduced TGC.17,19

Sequencing of adeS showed amino acid substitu-
tions in two isolates, but we couldn’t allocate previously 
detected point mutations, as these detected in one study; 
Thr153Met, in the H box, Gly30Asp causing disruption 
of the adeS protein4 or those found in another study; 
G103D in the HAMP linker between the sensor and the 

DHp domains.6 In one research, sequencing of AdeRS 
of a tigecycline-susceptible isolate and of two resistant 
ones, showed several point mutations that could not be 
correlated to overexpression of adeABC. After in vitro 
culture of the susceptible strain in the presence of tige-
cycline, it became resistant and overexpressed AdeABC, 
but no mutations were found in AdeRS.11 Furthermore, in 
another study, no AdeRS point mutations were found in 
13 unrelated MDR A. baumannii isolates with AdeABC 
overexpression and decreased tigecycline susceptibility.20 
The first isolate (isolate number 21) in our study, showed 
amino acid substitutions N268H and G186A in adeS, 
which were also present in ACICU (a CC2 MDR strain, 
Ref.YP_001846486.1) but not in other susceptible strains 
as, ATCC 17978 (Ref.YP_001084783.1) submitted in the 
GenBank, using protein BLAST and were therefore con-
sidered a polymorphism. But the presence of these poly-
morphisms only in MDR strains is worth noticing, as this 
assumes its role in multidrug resistance occurrence.

This first isolate didn’t show the nine amino acid differ-
ences V27I, V32I, A94V, F214L, S280A, Q281D, Q299R 
and I360M present in adeS found in the CC1 reference 
strains (AB 307-0294 Ref.YP_002325608.1 and AYE Ref.
YP_001713700.1) and also found in clinical isolates of 
another study,19 which were considered SNPs character-
istic of this clonal complex. But instead this first isolate 
showed two amino acid substitutions; L172P, Y303F, that 
were found in MDR A.baumannii clinical isolates from 
another study,21 still not detected in reference susceptible 
strain ATCC17978.

There were unique amino acid substitutions present in 
this isolate; A37V, P305A, which were not found in refer-
ence strains present in the GenBank or in clinical isolates 
investigated in other studies.19 We found that these two 
substitutions are far from the conserved domains present 
in adeS, although A37V is located in the sensor part of 
adeS, the importance of this finding, needs to be clarified.

The second isolate (isolate number 17) showed amino 
acid substitution G186A in adeS, which is also present in 

Figure 1 Tigecycline MIC profile of the clinical A. baumannii isolates. With insertion of ISAba1 within the adeS operon, (grey 
bar) and without insertion of ISAba1 within the adeS operon (black bar).



Hassan et al. TGC Susceptibility in A.baumannii 

Journal of Chemotherapy  2018  VOL. 30  NO. 292

Figure 2 (a) showing sequence analysis of adeS (b) translation of sequenced adeS into amino acids of a representative 
isolate, using ExPASy software. (c) Matching protein product on NCBI; protein BLAST of a representative isolate. Blast search 
parameters, Database: CDSEARCH/cdd v3.11, Low complexity filter: yes, E-value threshold: 0.01, Maximum number of hits: 500 
Conserved domains hits.
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ACICU (a CC2 MDR strain, Ref.YP_001846486.1) and 
present in the first sequenced isolate (isolate 21) as well. 
Also, it showed A37V which is also present in isolate 21, 
neither P305A nor N268H could be detected, due to I260 
stop codon. This second isolate showed special amino acid 
substitutions S188A, V217E, I257N, not present in other 
isolates. S188A is present in the dimerization and histi-
dine-containing phosphotransfer (DHp) domain histidine 
kinase part of the adeS, mutations in this domain can lead to 
a phenotype with defective phosphatase activity, as found 
in other studies.19,22 V217E occurs in the DHp domain as 
well but in a region with common previously detected pol-
ymorphisms (e.g. F214L) that are shared between MDR 
clinical and reference strains.19 I257N is present in the N 
box of the catalytic core domain with probable affection 
of its function through ineffective ATP binding.22 Also, 
this second isolate showed W143G, similar to that found 
by Yoon et al., in their clinical isolate collection of MDR 
A.baumannii with reduced TGC susceptibility.19

Up to our knowledge, this is the first report of TGC 
reduced susceptibility in MDR-A.baumannii in Egypt 
correlated to amino acid mutations. Several amino acid 
substitutions were detected in our study, either previously 
detected in clinical or reference MDR strains or denovo. 
We recommend further studies on a larger study popula-
tion, with sequencing of full adeRS to look deeper into 
specific point mutations and to relate new mutations to the 
overexpression of adeABC. We also recommend typing of 
isolates to determine relationship between them and deter-
mine if amino acid changes are SNPs of the same clone.
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