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Abstract 

Background The lack of appropriate vaccines is an obstacle to the effective management of A. baumannii infections. 
Peptide vaccines offer an attractive and promising preventive strategy against A. baumannii.

Objective In this study, we identified specific T cell epitopes of A. baumannii outer membrane protein K (OMPK) 
using comprehensive bioinformatics and detailed molecular docking analysis.

Methods Both class-I and class-II T cell epitopes of A. baumannii OMPK were predicted by three tools namely IEDB, 
SYFPEITHI, and ProPred. The predicted epitopes were shortlisted based on several analyses including prediction scor-
ing, clustering, exclusion of human similarity, considering immunogenicity and cytokine production, and removal of 
toxic and/or allergen epitopes. The epitopic peptides with high prediction scores and appropriate properties contain-
ing both class-I and class-II T cell epitopes were selected. Two of these class I/II epitopic peptides were chosen for 
molecular docking studies and assessing their physicochemical properties as vaccine candidates.

Results The results showed many T-cell epitopes of OMPK that could be evaluated for possible immunogenicity. Two 
of these epitopes (containing both class-I and II epitopes) had high prediction scores, were predicted by several tools, 
attached to several HLAs, and had the best docking score. They had different physicochemical properties and were 
conserved among Acinetobacter species.

Discussion We identified the A. baumannii OMPK high immunogenic class-I and class-II T cell epitopes and intro-
duced two promising high immunogenic peptides as vaccine candidates. It is recommended to perform in vitro/in 
vivo investigation of these peptides to determine their true efficacy and efficiency.
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Background
Bacteria of the genus Acinetobacter are non-motile 
Gram-negative coccobacilli that are ubiquitous in nature 
but are mainly found in soil, water, and sewage [1]. Acine-
tobacter baumannii, an opportunistic pathogen respon-
sible for hospital-acquired infections, is considered a 
serious threat to public health [2]. This bacterium causes 
pneumonia, urinary tract infection, blood infection, sec-
ondary meningitis, and wound infection [3]. In inten-
sive care units (ICUs), A. baumannii is responsible for 
approximately 20.9% of all hospital-acquired infections 
in Europe, the Eastern Mediterranean, and Africa [4]. 
Hospital-acquired pneumonia is one of the most com-
mon clinical manifestations of A. baumannii infections 
and occurs mostly in patients receiving mechanical ven-
tilation in ICUs [5]. A recent meta-analysis of 126 studies 
from 29 countries worldwide showed that multidrug-
resistant A. baumannii was present in 79.9% of all cases 
of acquired pneumonia and ventilator-associated pneu-
monia (VAP) [6].

Acinetobacter baumannii can be spread through res-
piratory droplets such as respiratory secretions, sneezes, 
and saliva, as well as through person-to-person contact, 
skin picking, and contact with contaminated surfaces [7]. 
A. baumannii ability to propagate easily is mainly due to 
three characteristics: desiccation resistance, the ability 
to form biofilms on nonliving surfaces, and a propensity 
to adhere to host cells [8]. The increase in drug-resistant 
strains of A. baumannii has made it difficult to control 
using common antibiotics. Therefore, the development 
of effective vaccines is an alternative means to prevent 
infections caused by A. baumannii [7]. As a result of 
antibiotic shortages, the World Health Organization has 
designated A. baumannii as a key priority for the devel-
opment of new medical countermeasures, including vac-
cine development [9].

Over the past decade, research efforts have identified 
several promising immunomodulatory strategies that 
could lead to a safe and effective vaccine against A. bau-
mannii [9]. Several vaccine candidates have been tested 
for their ability to immunize model animals against 
A. baumannii infection. However, none of them have 
yet received approval for use in humans, and further 
research is still needed to develop a suitable vaccine can-
didate against A. baumannii [10].

Outer membrane proteins1 (OMPs) play a decisive role 
in antibiotic resistance and the pathogenicity of A. bau-
mannii [11]. One of the challenges in targeting the outer 
membrane components of A. baumannii is the presence 
of a dense polysaccharide capsule that shields most of 

the outer membrane antigens from immune recognition 
[12]. OMPs are abundant in the outer membrane of bac-
teria and often protrude from the polysaccharide capsule, 
making them a suitable target for vaccines due to their 
ability to induce a strong antibody response, primarily 
IgG [13, 14]. The most effective A. baumannii vaccines 
are often composed of antigens present on the bacterial 
outer membrane, such as OMPA, OMP22, and OMPK 
[9].

Outer membrane protein K2 (OMPK), also known as 
TSX, is a 241 amino acid A. baumannii OMP that is spe-
cific for the nucleoside-forming ion channels. This pro-
tein is equivalent to OMPK in the fish pathogen Vibrio 
harveyi [15]. Previous studies on animal models have 
demonstrated that A. baumannii OMPK has significant 
immunogenic properties and is considered a promis-
ing vaccine candidate [15–17]. Both B cell and T cell 
responses seem to be involved in protection against A. 
baumannii, although no accurate information about 
OMPK epitopes vaccine potential can be found in the 
literature.

The development of epitopic (peptide) vaccines could 
offer an attractive and viable treatment option for A. bau-
mannii-related diseases. Today, in addition to molecular 
approaches, computer calculations and bioinformatics 
studies have provided a new method for vaccine creation 
through in silico epitope prediction. Numerous studies, 
similar to the present study, have utilized bioinformatics 
and sometimes laboratory analysis to investigate suit-
able vaccine candidates for various bacteria [18–23]. The 
present study aims to identify specific T-cell epitopes of 
A. baumannii OmpK through comprehensive bioinfor-
matics and detailed molecular docking analysis, based 
on cell-dependent immune responses. In addition, this 
study introduces two T-cell epitopic peptides derived 
from OMPK, which exhibit suitable immunological and 
physicochemical properties, as potential A. baumannii 
vaccine candidates.

Methods
OMPK sequence
The sequence of A. baumannii OMPK was retrieved from 
the protein database of NCBI (https:// www. ncbi. nlm. nih. 
gov/ prote in, accession number: CRL96222.1).

T cell epitopes prediction
The most frequent human leukocyte antigen3 (HLA)-
I (specific for class-I or CD8+ T cell-specific epitopes) 
and HLA-II (specific for class-II or CD4+ T cell-specific 

1 OMPs: outer membrane proteins.

2 OMPK: outer membrane protein K.
3 HLA: human leukocyte antigen.

https://www.ncbi.nlm.nih.gov/protein
https://www.ncbi.nlm.nih.gov/protein
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epitopes) alleles were determined using the Allele fre-
quencies server (http:// www. allel efreq uenci es. net/), the 
prediction servers, or using our previous experiences 
on K. pneumoniae antigens [24–26] (Additional file  1: 
Table S1).

Similar to our previous studies [24, 27], the prediction 
of T cell epitopes was carried out using several epitope 
prediction tools including SYFPEITHI (http:// www. 
syfpe ithi. de/ bin/ MHCSe rver. dll/ Epito pePre dicti on. htm), 
IEDB (http:// tools. iedb. org), and ProPred (http:// crdd. 
osdd. net/ ragha va/ propr ed/). For the prediction of class-I 
and class-II epitopes, the percentile ranks of ≤ 1 and ≤ 10, 
respectively, were selected as the thresholds in IEDB. In 
ProPred-I and SYFPEITHI servers, the score of ≥ 10 was 
used as the threshold, whereas in ProPred-II all the pre-
dicted epitopes were chosen. Epitopes of 9 and 15 resi-
dues were chosen for the prediction of class-I and class-II 
epitopes, respectively.

Regarding ≥ 70 similarities, the predicted epitopes were 
clustered with the IEDB clustering tool (http:// tools. iedb. 
org/ clust er/), and an epitope of each cluster was selected 
for advanced analyses based on its higher prediction 
score compared to the others. The immunogenicity of 
class-I epitopes was predicted by a specific IEDB tool 
(http:// tools. iedb. org/ immun ogeni city/). The potency of 
class-II epitopes in interferon-gamma4 (IFN-γ) produc-
tion was estimated by the IFNepitope server (http:// crdd. 
osdd. net/ ragha va/ ifnep itope/).

Class II/class I windows and final T cell epitopes
The class-II/class-I epitopic windows were found by the 
IEDB clustering tool by putting the cut-off at ≥ 70% simi-
larity. The class-II epitopes possessing at least one class-I 
epitope were chosen.

The final selection of T-cell epitopes was based on sev-
eral criteria, including the epitopes predicted by multiple 
tools, those comprising both class-I and class-II epitopes, 
those with higher prediction scores, and class-II epitopes 
with IFN-γ production ability or class-I epitopes with 
higher immunogenicity scores.

Toxicity, human similarity, allergenicity, and experimental 
records
The T cell epitopes were assessed for possible toxicity 
using the ToxinPred server (https:// webs. iiitd. edu. in/ 
ragha va/ toxin pred/ algo. php). The percentage of human 
similarity was estimated by two indicators of coverage 
and identity in the BLASTP server using the human pro-
teome (taxid 9606) as the reference organism. The ≥ 90% 
similar epitopes to human proteome were excluded from 

further analyses. The AllerCatPro [28] and the Structural 
Database of Allergenic Proteins5 (SDAP) [29] tools, were 
used to predict possible allergenicity.

Epitopes were searched for any experimental record 
using the IEDB home page (https:// www. iedb. org/).

Tertiary structures
The structure of the OMPK protein was generated using 
the SWISS-MODEL server (https:// swiss model. expasy. 
org/, [30]), with the experimentally determined struc-
ture of the E. coli OMPK protein (ID: 1TLW) used as a 
template.

The PEP-FOLD server [31] was applied to predict 
the tertiary structure of the epitopes. The structure of 
selected final HLA alleles was retrieved from the PDB 
databank with the following IDs: 5HHP for HLA-A*02:01 
and 1BX2 for HLA-DRB1*15:01.

The accuracy of the protein structure model was evalu-
ated using ERRAT (https:// saves. mbi. ucla. edu/, [32]), the 
Z-score plot provided by the ProSA-web server (https:// 
prosa. servi ces. came. sbg. ac. at/ prosa. php, [33]), and the 
Ramachandran plot generated by the Molprobity server 
(http:// molpr obity. bioch em. duke. edu/, [34]).

Molecular docking studies
For binding of class-I and -II epitopes to their HLA 
alleles, molecular docking studies were performed by 
HADDOCK 2.2 tool (http:// haddo ck. scien ce. uu. nl/ servi 
ces/ HADDO CK2.2). Consensus prediction of interface 
residues in transient complexes (CPORT) (https:// milou. 
scien ce. uu. nl/ servi ces/ CPORT/) was applied to accu-
rate prediction of amino acid residues incorporated in 
the binding [35]. Docking was performed and the results 
were reported in terms of HADDOCK scores along with 
some secondary scores. As controls, the original ligands 
of HLA PDB files that were previously characterized were 
utilized.

Prediction of physicochemical characteristics, structure 
analyses, and antigenicity
The ProtParam tool (https:// web. expasy. org/ protp aram/) 
[36] was used to estimate the physicochemical charac-
teristics of the epitopes including molecular weight, iso-
electric pH6 (pI), grand average of hydropathicity index7 
(GRAVY), instability index, and the estimated half-life. 
The net charge and water solubility of the epitopes were 
predicted by PepCalc (https:// pepca lc. com/) and the 
epitopes’ hydrophobicity was predicted by PEPTIDE 2.0 

4 IFN-γ: interferon-gamma.

5 SDAP: Structural Database of Allergenic Proteins.
6 pI: isoelectric pH.
7 GRAVY: grand average of hydropathicity index.

http://www.allelefrequencies.net/
http://www.syfpeithi.de/bin/MHCServer.dll/EpitopePrediction.htm
http://www.syfpeithi.de/bin/MHCServer.dll/EpitopePrediction.htm
http://tools.iedb.org
http://crdd.osdd.net/raghava/propred/
http://crdd.osdd.net/raghava/propred/
http://tools.iedb.org/cluster/
http://tools.iedb.org/cluster/
http://tools.iedb.org/immunogenicity/
http://crdd.osdd.net/raghava/ifnepitope/
http://crdd.osdd.net/raghava/ifnepitope/
https://webs.iiitd.edu.in/raghava/toxinpred/algo.php
https://webs.iiitd.edu.in/raghava/toxinpred/algo.php
https://www.iedb.org/
https://swissmodel.expasy.org/
https://swissmodel.expasy.org/
https://saves.mbi.ucla.edu/
https://prosa.services.came.sbg.ac.at/prosa.php
https://prosa.services.came.sbg.ac.at/prosa.php
http://molprobity.biochem.duke.edu/
http://haddock.science.uu.nl/services/HADDOCK2.2
http://haddock.science.uu.nl/services/HADDOCK2.2
https://milou.science.uu.nl/services/CPORT/
https://milou.science.uu.nl/services/CPORT/
https://web.expasy.org/protparam/
https://pepcalc.com/
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(https:// www. pepti de2. com/N_ pepti de_ hydro phobi city_ 
hydro phili city. php). Epitope conservancy was checked 
via BLASTP and NCBI conserved domain search.

The secondary structure prediction was done by the 
Stride Web interface (http:// webclu. bio. wzw. tum. de/ 
cgi- bin/ stride/ strid ecgi. py). The structures and location 
of the epitopes were depicted by the Web3DMol server 
(http:// web3d mol. net/). The simplified molecular-input 
line-entry system8 (SMILES) string of the peptides was 
obtained from the PepSMI server (https:// www. novop 
rolabs. com/ tools/ conve rt- pepti de- to- smiles- string) and 
used to depict 2D structures of the peptides.

Antigenicity prediction of the final epitopes was car-
ried out by the Vaxijen v2.0 (http:// www. ddg- pharm fac. 
net/ vaxij en/ VaxiJ en/ VaxiJ en. html, [37]), and ANTIGEN-
pro (https:// scrat ch. prote omics. ics. uci. edu/) web servers.

Results
Prediction of T cell epitopes
T cell epitopes were predicted and several analyses 
were conducted to screen the predicted epitopes as fol-
lows: (1) excluding duplicate epitopes and choosing one 
epitope from an epitope cluster, (2) choosing high-scored 
epitopes and/or the epitopes predicted by more predic-
tion tools, (3) weighing positivity in IFN-γ production 
and higher immunogenicity score for class-II and class-
I epitopes, respectively, as preferred criteria of epitope 
selection, and (4) excluding allergens, toxic epitopes, and 
the epitopes with human similarity of 90% or more. By 
employing these analyses, the dominant class-I and class-
II epitopes were chosen, and also their class II/I windows 
were found by comparing both classes with each other.

The number of initially predicted class-I and class-
II epitopes were 608, and 441, respectively, which were 
reduced to 92 and 62 following clustering and 22 and 27 
after screening strategies (Table 1).

The characteristics of short‑listed epitopes
None of our predicted epitopes was toxic or allergen. 
Also, none of our selected epitopes had ≥ 90% similarity 

with the human peptides. In addition, no previous exper-
imental records were found on the epitopes.

The characteristics of class II/I epitopic windows
Five class II/I epitopic windows were found (Table 2). The 
table also presents the prediction scores of each epitope 
by each prediction tool, as well as information on toxic-
ity, allergenicity, and human similarity of the epitopes. 
Two class-II/class-I windows, named Ep1 and Ep2, were 
selected for further studies.

Evaluation of protein/epitopes tertiary structures
The tertiary structures of the OMPK protein and the 
final epitopes (Ep1 and Ep2) were modeled. The overall 
quality factor for Ep1, Ep2, and OMPK, as determined 
by ERRAT, was 79.21, 73.13, and 89.67, respectively. The 
Ramachandran plot showed that most amino acid resi-
dues in all three molecules (Ep1, Ep2, and OMPK) were 
located in the allowed and/or favored regions (Fig.  1). 
Moreover, the Z-scores for these molecules were 0.6, 
− 2.18, and -2.5 respectively, which fell within the range 
of scores typically observed for native proteins of similar 
size from different sources (X-ray, NMR) (Fig. 1).

Molecular docking results
Class-II epitopes located in Ep1 and Ep2 were predicted 
to bind HLA-DRB1*15:01. Similarly, class-I epitopes 
were bound to HLA-A*02:01.

After retrieving the 3D structures of epitopes (ligands) 
and HLA molecules (receptors), ligand-receptor dock-
ing was performed by the HADDOCK tool. The docking 
scores of our class I epitope-HLA and class II epitope-
HLA were higher than the docking scores of HLA com-
bined with their original peptides (controls), showing the 
high affinity of our epitopes to their specific HLA mol-
ecules (Table 2).

The structure, antigenicity, and physicochemical 
properties of the final peptides
Table  3 presents the physicochemical properties of 
the two final epitopes (peptides). Both peptides con-
sist of 15 amino acid residues. The Ep1 (DYQMT-
FVYGIPFKIA) peptide (1793.11 Dalton) had 53.33% 

Table 1 The number of predicted T cell epitopes of A. baumannii OMPK before and after clustering and screening

a Screening include excluding duplicates, toxic, allergens, and human peptides similar epitopes and choosing high-scored, more frequently predicted, potent in IFN-γ 
production, and immunogenic epitopes

Prediction tool Class‑I Class‑II

IEDB SYFPEITHI ProPred‑I Total IEDB SYFPEITHI ProPred‑II Total

Before clustering 85 477 46 608 118 307 16 441

After clustering 28 37 27 92 13 41 8 62

After  screeninga – – – 22 – – – 27

8 SMILES: simplified molecular-input line-entry system.

https://www.peptide2.com/N_peptide_hydrophobicity_hydrophilicity.php
https://www.peptide2.com/N_peptide_hydrophobicity_hydrophilicity.php
http://webclu.bio.wzw.tum.de/cgi-bin/stride/stridecgi.py
http://webclu.bio.wzw.tum.de/cgi-bin/stride/stridecgi.py
http://web3dmol.net/
https://www.novoprolabs.com/tools/convert-peptide-to-smiles-string
https://www.novoprolabs.com/tools/convert-peptide-to-smiles-string
http://www.ddg-pharmfac.net/vaxijen/VaxiJen/VaxiJen.html
http://www.ddg-pharmfac.net/vaxijen/VaxiJen/VaxiJen.html
https://scratch.proteomics.ics.uci.edu/
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hydrophobicity and a pI of 5.83. Its estimated half-life 
was 1.1  h in mammalian reticulocytes in  vitro and 
> 10 min in E. coli, in vivo. The peptide is poorly water-
soluble, but it is stable with a net charge of zero. The 
Ep2 (GKHISPDTRLYLGIE) peptide (1698.94Dalton) 
had 33.33% hydrophobicity and a pI of 6.75. Its esti-
mated half-life was > 30 h in mammalian reticulocytes 
in vitro and > 10 min in E. coli, in vivo. The peptide is 
good water-soluble, but it is unstable with a net charge 
of 0.1.

Both Ep1 and Ep2 peptides were predicted to be anti-
gens by the Vaxijen server, while neither of them was 
predicted to be an antigen by the ANTIGENpro server 
(Table 3).

Both peptides are mainly composed of turns and 
they were both located on the lateral surfaces of the 
OMPK structure (Fig.  2). The peptides were conserved 
among Acinetobacter species, but not among other 

species except ion channel protein TSX of Klebsiella 
pneumoniae.

Discussion
Previous research on OMPs has shown that these pro-
teins can trigger defense against A. baumannii infec-
tions through both cell-mediated and humoral immunity. 
OMPK was able to trigger both humoral (IgG antibodies) 
and cytokines responses, which provided defense against 
a fatal challenge with A. baumannii [15, 16, 38]. The effi-
ciency of OMPK vaccination was improved when fused 
with another OMP, called OMP22, or when adjuvanted 
with MF59 [15, 16]. MF59 is an oil-in-water emulsion 
adjuvant that has been shown to elicit innate immunity, 
vaccine-specific IgG antibodies, and effector CD8 T cells 
[39–41]. In addition to MF59, various other adjuvants 
have been developed that can be used to boost immu-
nogenicity. One such example is Toll-like receptor (TLR) 

Fig. 1 Structural quality validation of A. baumannii OMPK and its final peptides derivate (Ep1 and Ep2). The upper parts of the figure show the 
Ramachandran plots of the modeled structures of Ep1, Ep2, and the full OmpK protein. The number of residues located in the favored and allowed 
regions of the Ramachandran plots are shown below each plot. The lower parts of the figure present the ProSA-web Z-score plots. These plots 
demonstrate that the models of Ep1, Ep2, and the full OmpK protein (represented by black points) all fall within the range of scores typically 
observed for native proteins of similar size (represented by colored regions). The Z-score of each model is also shown below its corresponding plot
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agonists, which have been shown to possess potent adju-
vant activity in our previous studies and others [42–46].

Host defense against A. baumannii infections likely 
involves significant contributions from humoral 
immune responses, including IgM, IgG, and IgA [47]. 
The T cell immune responses to A. baumannii infec-
tions are still poorly understood. According to a small 
number of experimental studies, A. baumannii infec-
tion severity was linked to higher levels of Th1 inflam-
matory cytokine responses and lower levels of IL-10, 
suggesting a protective effect of Th2 immune responses 
[48, 49]. However, the precise functions of Th1 and 
Th2 in host defense against A. baumannii infections 
are still unknown [50], demanding more research in 
this field. In the present study, we found two potent T 
cell epitopic peptides (Ep1 and Ep2) that possess many 
favorable properties as A. baumannii vaccine candi-
dates. They were both immunogenic, non-toxic, non-
allergen, and non-similar to the human proteome. In 
addition, they contain both class I and II T cell epitopes 

that were found to bind to their HLAs with high affin-
ity. Ep1 was predicted to be able to produce IFN-γ 
while Ep2 could not, but it should not be assumed as a 
negative criterion since as mentioned above, the role of 
Th1 cytokines such as IFN-γ is not clearly understood 
in protection against A. baumannii [50].

In the present study, the modeled 3D structures 
underwent verification using in silico tools. The major-
ity of amino acid residues in our modeled protein 
(OMPK) and its final epitopic regions (Ep1 and Ep2) 
were located in the allowed/favored regions of the 
Ramachandran plot, indicating the high quality of our 
models. Furthermore, we utilized the ERRAT assess-
ment to identify any potential anomalies in the struc-
ture [32], which showed a high-quality factor for our 
model. A factor closer to 100 in the ERRAT assessment 
indicates a better model quality. Similarly, the quality of 
our models was demonstrated by the Z-score, which is 
correlated with experimentally determined X-ray and/
or NMR structures [33].

Fig. 2 The structure and location of final peptides derivate (Ep1 and Ep2) from A. baumannii OMPK. The 3D structure of Ep1 (DYQMTFVYGIPFKIA) 
and Ep2 (GKHISPDTRLYLGIE) peptides, along with their corresponding simplified molecular-input line-entry system (SMILES) strings and locations in 
the 3D structure of OMPK, are presented. As shown, both Ep1 and Ep2 are located on the lateral surfaces of the OMPK structure
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The results of the present study showed that Ep1 and 
Ep2 peptides have different physicochemical properties 
so Ep1 is stable, poor water-soluble, more hydrophobic, 
and with a lower estimated half-life than Ep2. Being more 
hydrophilic is indicated by the negative GRAVY [36], as 
seen for Ep2 but not Ep1. The pI index is a crucial consid-
eration when choosing a vaccine candidate and shouldn’t 
fall within the range of body tissues’ pH (7.2–7.6) [51]. 
The pI of both Ep1 and Ep2 peptides was outside of the 
pH range of body tissues. These parameters suggested 
both peptides as potential vaccine candidates for more 
in  vitro and in  vivo studies. Notably, the properties of 
these peptides can be improved using various chemical/
biochemical techniques. Furthermore, these epitopes 
can be incorporated into the design of multi-valent and 
multi-epitope vaccine candidates, which can poten-
tially be more stable and effective. Previous studies have 
employed similar strategies for vaccination against A. 
baumannii [20, 23, 52, 53].

Both epitopes identified in this study are located on 
the surface of the OMPK protein, making them easily 
accessible to antibodies. This feature, in addition to their 
potential as vaccine candidates, also makes them suit-
able candidates for the diagnosis of A. baumannii-related 
diseases. The epitopes may be chemically synthesized or 
cloned/expressed and utilized as radiochemical probes in 
designing diagnostic kits [54].

The conservancy study of the Ep1 and Ep2 peptides 
showed that they do not belong to a conserved domain 
superfamily, but they are highly conserved among Acine-
tobacter species, hence it may induce immune responses 
against many species of this genus. Also, both peptides 
had 100% similarity to a sequence of ion channel pro-
tein TSX of K. pneumoniae, so they may induce immune 
responses against K. pneumoniae as well.

In recent years, the number of bioinformatics studies 
on A. baumannii vaccines has increased significantly. 
OMPA [55, 56], DcaP [57], NucAb [58], and TonB-
dependent copper receptor [59] can be mentioned among 
the OMP antigens of A. baumannii that have been stud-
ied in silico. Collectively, the results of our study, along 
with previous research provide promising prospects for 
the development of a suitable vaccine based on OMPs to 
combat A. baumannii infections in the future.

Altogether, we identified the A. baumannii OMPK high 
immunogenic class-I and class-II T cell epitopes, which 
can be utilized in future research. Additionally, two high 
immunogenic peptides containing both T cell epitope 
classes as well as the necessary physicochemical prop-
erties for the development of an A. baumannii vaccine 
were introduced. It is recommended to do an in  vitro/
in vivo investigation of these peptides to determine their 
true efficacy and efficiency.

Limitations
Limited immunity due to several factors such as easy 
degradation and their recognition difficulty is linked to 
epitope-based vaccinations, such as our suggested Ep1 and 
Ep2 peptides. Conjugating them with conventional adju-
vants and/or novel built-in adjuvants, such as new bioma-
terials or carriers, is one efficient technique to bypass this 
limitation [60]. Another limitation of our suggested vac-
cine candidate peptides is that they will primarily be given 
to older and immunocompromised individuals that are not 
able to mount strong immune responses [61].
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