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Abstract

Introduction

This scoping review explores the use of peptide microarrays in the fight against infectious

diseases. The research domains explored included the use of peptide microarrays in the

mapping of linear B-cell and T cell epitopes, antimicrobial peptide discovery, immunosigna-

ture characterisation and disease immunodiagnostics. This review also provides a short

overview of peptide microarray synthesis.

Methods

Electronic databases were systematically searched to identify relevant studies. The review

was conducted using the Joanna Briggs Institute methodology for scoping reviews and data

charting was performed using a predefined form. The results were reported by narrative syn-

thesis in line with the Preferred Reporting Items for Systematic reviews and Meta-Analyses

extension for Scoping Reviews guidelines.

Results

Ninety-five articles from 103 studies were included in the final data charting process. The

majority (92. 0%) of the articles were published during 2010–2020 and were mostly from

Europe (44.2%) and North America (34.7%). The findings were from the investigation of

viral (45.6%), bacterial (32. 0%), parasitic (23.3%) and fungal (2. 0%) infections. Out of the

serological studies, IgG was the most reported antibody type followed by IgM. The largest

portion of the studies (77.7%) were related to mapping B-cell linear epitopes, 5.8% were on

diagnostics, 5.8% reported on immunosignature characterisation and 8.7% reported on viral

and bacterial cell binding assays. Two studies reported on T-cell epitope profiling.
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Conclusion

The most important application of peptide microarrays was found to be B-cell epitope map-

ping or antibody profiling to identify diagnostic and vaccine targets. Immunosignatures iden-

tified by random peptide microarrays were found to be applied in the diagnosis of infections

and interrogation of vaccine responses. The analysis of the interactions of random peptide

microarrays with bacterial and viral cells using binding assays enabled the identification of

antimicrobial peptides. Peptide microarray arrays were also used for T-cell linear epitope

mapping which may provide more information for the design of peptide-based vaccines and

for the development of diagnostic reagents.

Introduction

Infectious diseases also known as communicable diseases are a major growing concern world-

wide [1] and are a significant burden on public health [2]. They account for a large proportion

of death and disability globally. At least 25% of 60 million deaths that occur worldwide each

year are estimated to be due to infectious diseases [2].

There are countless examples that highlight the severity of the impact of infectious diseases

on human health [2]. Since 31 December 2019 and as of 18 February 2021, 109 594 835 cases

and almost 2.5 million deaths of COVID-19 have been reported world-wide [3]. HIV infection

continues to be a major pandemic where approximately 33 million people have died of HIV-

related illnesses since the start of the pandemic. In 2019, 690 000 people died from HIV-related

illnesses and 1.7 million people acquired new infections [4]. Currently there are 20 Neglected

tropical diseases’ (NTDs) affecting over 1.7 billion people and killing more than 200 000 people

every year [5]. Historically, the Black Death (1348–1350) killed 30%–60% of Europe’s popula-

tion [2]. In the 20th century, smallpox was responsible for an estimated 300–500 million deaths

[2]. The 1918–1919 Spanish Influenza pandemic killed more people than the World War 1 [2].

The threat posed by infectious diseases is further deepened by the continued emergence of

new, unrecognized, and old infectious disease epidemics [2]. Outbreaks caused by SARS-CoV-

2, HIV, Ebola, influenza, and Zika viruses, have increased over the past decade, underlining

the need for the rapid development of diagnostic tools and vaccines [6].

A reasonable public health response towards addressing the infectious disease problem

aims to address the fundamental factors that promote their occurrence and persistence, whilst

implementing appropriate control measures [2]. The field of medical biotechnology offers

innovative devices for fighting infections, such as peptide microarrays [1, 7].

Peptide microarrays are collections of short peptides immobilized on solid planar supports

[8]. They provide rapid, reproducible ways to simultaneously screen and detect hundreds to

thousands of different pathogen related peptides or epitopes on standard microscope slides

from small quantities of serum, plasma and cerebrospinal fluid [9–11]. Peptide microarrays

offer a wide range of applications in the fight against infectious diseases, such as, B-cell and T-

cell epitope discovery for development of diagnostics and rationally designed vaccines, drug

discovery (antimicrobial peptides discovery), immunosignature characterisation and pathogen

immunodiagnostics [12–16]. Additionally, peptide microarrays are used for autoimmune dis-

ease research, cancer research and enzyme profiling [17]. In spite of the growing number of

studies utilizing peptide microarrays, there is a paucity of systematic and narrative type reviews

that reflect their clinical importance. This review focuses on the applications and use of peptide

microarrays to fight infections.
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Review aim and objectives

In order to systematically summarize the literature on the applications of peptide microarrays,

we have conducted a scoping review. This scoping review aims to explore the use of peptide

microarrays, in the mapping of B-cell linear epitopes, antimicrobial peptide discovery through

bacterial cells glyco-profiling, immunosignature characterisation, immunodiagnostics and T-

cell epitope mapping. This review also provides a short overview of peptide microarray synthe-

sis. It is hoped that this review will highlight and enable recommendations that may aid future

peptide microarray biomedical research, systematic and meta-analysis reviews.

Methods

Study design

The scoping review protocol was developed using the methodological framework proposed by

Arksey and O’Malley (2005) and further refined by the Joanna Briggs Institute [18, 19]. The

completed review followed the Preferred Reporting Items for Systematic reviews and Meta-

Analyses extension for Scoping Reviews (PRISMA-ScR) guidelines (S1 Table) [20].

The review team consisted of four authors (AV, MK, HM and TLJ) who developed clear

research questions, search strategies, identified relevant articles, selected articles, extracted and

charted data. The discussion and reporting of the results were done in consultation with TN

and TM.

Eligibility criteria

The inclusion criteria was developed using the population-concept-context framework [18].

The ‘population’ of the review were human participants of all ages, ethnicity and gender diag-

nosed with infectious diseases. Animal models for human infectious diseases studies, viruses

and bacteria in antimicrobial activity investigations were also included as the review popula-

tion. The ‘concept’ of the review was peptide microarrays. The review ‘context’ was a primary

research study from any healthcare settings or institution from any country. All narrative

reviews, studies investigating animal diseases, and duplicate articles were excluded. The search

strategy was not restricted by the publication date or language. Hence, all related studies up to

November 30, 2020, that met the inclusion criteria were assessed. As a scoping review is an

iterative process, the eligibility criteria was amended as the study progressed.

Search strategy information sources and search terms

The following online data bases PubMed, Medline complete, The Cochrane Central Register

of Controlled Trials (CENTRAL) and Web of Science were systematically searched from their

inception without any restrictions on language or date of publication. The data bases were

searched using predefined keywords. Table 1 illustrates the search terms and strategy for

PubMed which was adapted for the other databases. Additionally grey literature databases

GreyLit and OpenGrey were searched and a manual search of the reference lists of relevant

publications and reviews was conducted.

Review process and data charting

The retrieved literature were downloaded into Mendeley reference manager, and duplicates

were removed. One reviewer (AV) assessed the titles of the studies identified by the search and

excluded irrelevant studies. Two reviewers (AV and MK) independently assessed the eligibility

of the abstracts and full texts of the retrieved studies to avoid bias. After the articles were

selected, data was extracted and recorded in the excel spreadsheet. One author (AV) extracted
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and recorded the data from each study according to a pretested data extraction excel spread-

sheet form (additional file 1) and a second reviewer (HM or MK or TMJ) verified the extracted

data. Discrepancies were resolved by consensus and a third evaluator. The extracted data were

author, date of publication, DOI, Aim and study domain, geographical location, microorgan-

ism or infection, antibody type, epitope prediction/selection, peptide synthesis, microarray

printing and key findings.

Methodological quality appraisal and analysis of the evidence

Methodological quality or risk of bias of the included articles was not appraised, which is con-

sistent with guidance on scoping review conduct [18]. The narrative synthesis of the results of

this review were done in line with the recommendations set out in the PRISMA-ScR [20].

Results and discussion

Identification of potential studies

Electronic searches of seven databases yielded a total of 5929 articles (Pubmed: 3337, Medline

(EBCOhost):1223, Cochrane: 17, Web of science: 1232, MedRxiv: 118, Greylit: 0, Open Grey:

2). Additional articles identified through manual searching yielded 11 articles that led to a total

of 5940 titles and abstracts eligible for screening. A total of 253 full text articles were screened

for eligibility after the removal of duplicate articles and irrelevant articles. Full text screening

led to a total of 95 articles (103 studies) that were included in the scoping review. Fig 1 is show-

ing the flow chart of the studies identification and selection process. A total 158 studies were

excluded from the review after full text screening (S2 Table).

Characteristics of the included articles

Characteristics of the included studies are shown in S2 Table. There were no articles published

before 2001 on the study area and the peer-reviewed literature on the study area has increased

considerably in the last few years (Fig 2). Among the articles included, 57.9% were published

in the last five years (2016–2020) and approximately, 92% have been published in the last

decade (2010–2020) of this current study.

The included articles, were mainly from Europe 42 (44.2%) and North America 33 (34.7%)

Fig 3. From South America 10 (10.5%) (Argentina 3 and Brazil 7) and Asia 10 (10.5%) (China

Table 1. Search strategy in PubMed.

Search

number

Query Results

4 (("Peptides"[Mesh] OR Peptide�[tiab] OR Epitope�[tiab] AND (humans[Filter])) AND

("Microarray Analysis"[Mesh] OR Microarray�[tiab] OR Biochip�[tiab] OR Chip�[tiab]

OR Array�[tiab] AND (humans[Filter]))) AND (Infestation�[tiab] OR Infection�[tiab]

OR "Infectious disease�"[tiab] OR "Communicable disease�"[tiab] OR "Contagious

disease�"[tiab] OR "Transmissible disease�"[tiab] OR Pathogen[tiab] OR Pathogens[tiab]

AND (humans[Filter]))

3,337

3 Infestation�[tiab] OR Infection�[tiab] OR "Infectious disease�"[tiab] OR "Communicable

disease�"[tiab] OR "Contagious disease�"[tiab] OR "Transmissible disease�"[tiab] OR

Pathogen[tiab] OR Pathogens[tiab]

1,098,661

2 "Microarray Analysis"[Mesh] OR Microarray�[tiab] OR Biochip�[tiab] OR Chip�[tiab]

OR Array�[tiab]

178,487

1 "Peptides"[Mesh] OR Peptide�[tiab] OR Epitope�[tiab] 1,720,729

[Tiab] means the title and abstract were searched.

https://doi.org/10.1371/journal.pone.0248666.t001
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Fig 1. Flow chart of the studies identification and selection process.

https://doi.org/10.1371/journal.pone.0248666.g001
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Fig 2. Number of included articles by year (2001–2020).

https://doi.org/10.1371/journal.pone.0248666.g002

Fig 3. Distribution of articles included in the review by continent.

https://doi.org/10.1371/journal.pone.0248666.g003
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8, Japan 1, and Sri Lanka 1) articles were included. Articles from Europe were divided among

several countries, Germany 21, Sweden 8, Switzerland 2, Belgium 3, Denmark 2, Italy 3, Fin-

land 1 Spain 1 and Austria 1. Articles from North America were mostly from USA 33, with

one article from Cuba.

In terms of the pathogens or infectious disease category studies (N = 103), most studies

were investigating viruses 45.6% (including SARS-CoV-2, HIV, Ebola virus) followed by stud-

ies investigating bacteria 32.0% (including M. tuberculosis, C. trachomatis, B. burgdorferi) and

Parasites 23.3% (including T. cruzi, T. gondii, S. mansoni, P. falciparum). Hitherto enigmatic

diseases were investigated in 1% of the included studies and Fungi (Coccidiodes) was investi-

gated in 2% of the studies. One studies investigated immunosignatures of healthy humans.

Out of the 89 peptide microarray serological studies included IgG was the most invested anti-

body type followed by IgM. The IgG response shows a more specific binding pattern (less

noise) than the IgM response, which reflects the higher specificity of IgGs [21]. Two studies by

Mishara et al [22] and Tokarz et al [23] investigated IgG and IgM profiles in cerebrospinal

fluid.

Peptide microarrays

Peptide/epitope identification and prediction. B-cell and T-cell epitopes play a vital role

in the development of peptide based vaccines and therapeutics and in the diagnosis of diseases

[24, 25]. In this review, 6 methods were used for the identification and prediction of epitopes.

These were computational overlapping peptides sequences, computational permutation scans,

published synthetic peptides, computational random peptide sequences, phage display library

and in silico prediction.

For epitope identification using overlapping peptides, the linear amino acid sequence of a

protein is cut into peptides with overlapping sequences [26]. This is achieved by shifting a

frame of a distinct peptide length of a protein sequence of interest [27]. In a permutation scan,

each of the amino acid residues in a known antibody binding peptide is substituted by all

amino acids or by one amino acid for example alanine permutation scans [28]. In silico predic-

tion methods reduce the burden associated with epitope mapping by decreasing the list of

potential epitope candidates for experimental testing [29, 30]. Table 2 lists bioinformatics

tools for the in silico prediction of epitopes on proteins for the studies included in this review.

BepiPred 1.0 was the most frequently used software. There are also other B-cell epitope predic-

tion software’s like Antigenic Protein and Peptide Ranker (APRANK) (https://github.com/

trypanosomatics/aprank) [31] and Epipred (http://opig.stats.ox.ac.uk/webapps/newsabdab/

sabpred/epipred/) that were not included in this review.

Peptide microarrays displayed short peptides (ranging 10–20 amino acid residues). Of note,

most peptide microarrays displayed peptides with 15 amino acid residues, this length covers

Table 2. B-cell epitope prediction software.

Software Server

MLCE http://bioinf.uab.es/BEPPE

ABCpred http://www.imtech.res.in/raghava/abcpred/

BepiPred 1.0 www.cbs.dtu.dk/services/BepiPred/

Epitopia web server http://epitopia.tau.ac.il/

Antigenic http://www.bioinformatics.nl/cgi-bin/emboss/antigenic

BCPREDS http://ailab.ist.psu.edu/bcpred/

Bcepred http://crdd.osdd.net/raghava/bcepred/bcepred_instructions.html

https://doi.org/10.1371/journal.pone.0248666.t002
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83% of known linear antibody epitopes in the LANL immunology database, including the

median length of epitopes (11 amino acids) [32]. A few peptide microarrays displayed peptides

with 5 and 6 amino acid residues set which are the shortest assumed B-cell epitope lengths

[33].

Peptide synthesis. Solid phase peptide synthesis (SPPS), was the method of choice for the

production of peptides for most articles, although solution phase synthesis can still be useful

for large-scale production of peptides. SPPS can be defined as a process in which a peptide

anchored by its C-terminus to an insoluble polymer is assembled by the successive addition of

protected amino acids constituting its sequence [34]. SPPS, dramatically changed the strategy

of peptide synthesis and simplified the tedious and demanding steps of purification associated

with solution phase synthesis. SPPS also permitted a huge increase in the density and number

of displayed peptides and the development of automation [35].

S synthesis is a special type of SPPS using cellulose as the solid support was used in 38% of

the studies that were included in the review. SPOT synthesis is a robust, rapid, and cost effec-

tive method for the simultaneous parallel chemical synthesis of peptides in a miniaturized

array [36]. SPOT synthesis has several advantages: cellulose is inexpensive and withstands the

organic solvents and acids used during peptide synthesis. In addition, cellulose is stable in

aqueous solutions and, because it is non-toxic, it is appropriate for screening biological sam-

ples. Another advantage of using SPOT synthesis on cellulose is the possibility of modifying

the peptide [37]. However, SPOT synthesis on porous membranes has its limitations when

reducing the spot size <1 mm and becomes costly and tedious when large numbers of copies

of an identical array are required [38].

Peptide laser printing technology offered by PEPperPRINT Inc. (Heidelberg, Germany)

[17] was used to produce peptides in 15.5% of the included studies. The peptides are produced

using a process based on electrostatic deposition and conjugation of dry amino acids, similar

to the method used by laser printers.

Peptide microarray synthesis. In general, two methods were used for the synthesis of

peptide microarrays: the immobilization of pre-synthesized peptides and in situ synthesis of

peptides on a solid support. Immobilization of pre-synthesised peptides involved SPOT syn-

thesis, cleavage of solid phase bound peptides from the cellulose support matrix and spotting

of the soluble peptides onto various types of planar surfaces for example glass chips using

either a contact printer or a non-contact printer which minimizes contamination [39]. Com-

mon solid phase materials such as functionalized polypropylene and glass were used for SPPS

based in situ peptide microarrays and cellulose was used for SPOT based in situ peptide micro-

array synthesis [40]. The background signal from the in situ synthesis method is relatively

lower than that produced by immobilizing pre-synthesized peptides because the background

surface is selectively inert. However, the quality of peptides from the in situ synthesis method

is lower than that of the spotting method because the peptide synthesized on a chip cannot be

purified. Another problem yet to be solved with all in situ systems reported to date is the

molecular characterization of the peptides. The lack of direct, in situ peptide analysis remains a

major roadblock in the development of high-quality peptide arrays [40].

Peptide microarrays are offered by various providers, Table 3 list the companies and the

peptide microarray synthesis method including peptide synthesis and solid phase used by the

companies. Peptide microarray providers are not limited to those included in Table 3. Of

importance, Suzhou Epitope (Suzhou, China) uses polymer coated initiator integrated poly

(dimethysiloxane) (iPDMS), as a solid supporting material. With an excellent capacity for pre-

venting or reducing non-specific interactions, iPDMS, is able to provide near zero background

for microarray screening. iPDMS can also achieve an extremely low limit of detection [41].
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Research domains

For the purpose of narrative review, based on the main research objectives, studies were classi-

fied into one of the following five research domains: mapping of B-cell linear epitopes, binding

assays, immunosignatures characterisation, immunodiagnostics and mapping T-cell epitopes.

The largest portion of the studies were related to mapping B-cell linear epitopes 77.7%, fol-

lowed by studies on bacteria binding assays 9 (8.7%). Immunosignature characterisation and

immunodiagnostics were each reported in 6 (5.8%) studies. Two (1.9%) studies reported map-

ping T-cell epitopes.

Mapping B-cell linear epitopes. Antibodies recognize and bind their target protein anti-

gens via surface accessible interaction sites, the linear epitopes or the conformational epitopes

[38]. High-content peptide microarrays allow linear epitope profiling of entire pathogen prote-

omes [42]. There is great interest in identifying epitopes in antigens for a number of practical

reasons [29, 43]. In the review, characterization of antibody specificities was mostly used to

identify epitopes with potential applications in diagnosis of diseases. Epitope mapping identi-

fied epitopes useful in monitoring immune responses after chemotherapeutic treatments and

vaccinations and for vaccine development. One study used epitope mapping to identify disease

aetiology [44]. Studies used overlapping peptides for the general epitope mapping and permu-

tation scans or substitution analysis for fine epitope mapping. However it should be noted that

mapping of B-cell epitopes using overlapping synthetic peptides permits the elucidation of lin-

ear epitopes only [45].

Bacteria, virus and lipopolysaccharides binding assays. Peptides can bind to various tar-

gets including bacterial and viral cells and lipopolysaccharides (LPS) [46]. In the current

review, peptide microarray binding assays were used to uncover the cyclic di-GMP (c-di-

GMP) binding site of a Pseudomonas aeruginosa protein (PA3740), the Toll-like receptor

(TLR) amino acid sequence for bacterial cell binding peptides and random peptide microar-

rays were used to screen for antimicrobial peptides (AMP).

Table 3. Peptide microarrays synthesis companies and the peptide microarray synthesis method including peptide synthesis and solid phase.

Company Peptide Synthesis Microarray Synthesis Solid Phase URL

JPT (Berlin Germany) SPOT Non-contact immobilization

of pre synthesized peptides

Epoxy functionalized glass

slides

https://www.jpt.com/

Nimble Therapeutics Inc,

(WI, USA

Light directed SPPS In situ light-directed SPPS Amino-functionalized plastic

support/microscope slide

https://nimbletherapeutics.com/

PEPperPRINT (Berlin

Germany)

Electrostatic deposition and

conjugation of dry amino acids

(Peptide laser printing)

In situ Peptide Laser

Printing

PEPperSlide glass slide https://www.pepperprint.com/

technology/peptide-microarray-

analysis/

Schafer-N (Copenhagen,

Denmark)

Light directed SPPS In situ light directed SPPS HD peptide microarrays on

Epoxy functionalized glass

slides

https://schafer-n.com/

Suzhou epitope biotech inc

(Suzhou, China)

GL Biochem Contact immobilization of

presynthesized peptides

iPDMS

Applied Epitope (Tempe,

AZ)

Light directed SPPS In situ light directed SPPS silicon wafer surface/

Functionalized glass slide

https://appliedmicroarrays.com/

Alere Technologies (GMbH,

Jena, Germany)

Contact immobilization of

presynthesized peptided

Epoxy functionalized glass

slides

http://www.alere-technologies.com/

ABIMED peptide arrayer

system (MIT Biopolymer

facility)

In situ peptide synthesis Functionalized cellulose

https://doi.org/10.1371/journal.pone.0248666.t003
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The rise of multi-drug resistant pathogens is one of the most important global health issues

and demands new compounds with novel mechanisms to combat these pathogens [47, 48].

Drug discovery has not kept pace with the rising multi-drug resistant pathogens partly due to

drug cross-resistance. Short, cationic peptides with antimicrobial activity known as AMPs, are

essential to the host defences [48]. AMPs are promising alternative to traditional antimicrobial

drugs. AMPs are a diverse family of short peptides, between 5 and 50 amino acids in length

and most possess an overall net positive charge to their structure [49] that display a broad spec-

trum killing properties to all pathogens. They are fast acting and have a decreased likelihood to

induce pathogenic resistance as compared to traditional antimicrobial drugs and therefore

could be next generation antibiotics [49]. Screening for AMPs using peptide microarrays is a

very convenient tool in the development of these drug candidates [27]. In the current review,

Svarovsky and Gonzalez-Moa, 2011 used fluorescently labelled bacteria and LPS to discover

peptide sequences that not only specifically bound to LPS, but incidentally also inhibited bacte-

rial cell growth [50]. Betanzos et al., 2009 using luminescent LPS-quantum dots from O111:B4

and O55:B5 serotypes of E. coli revealed that peptides binding to E.coli LPS were highly

enriched in aromatic and cationic amino acids and most inhibited growth [51]. Johnston et al.,
2017 screened a range of pathogens (10 viruses and 11 bacteria) against a library of 10,000 pep-

tides to identify shared and specific pathogen binding peptides that were used for the develop-

ment of a pathogen binding 100-peptide microarray [52].

TLRs are membrane bound-receptors responsible for recognizing pathogen associated

molecular patterns and activation of the immune system. They specifically, recognize LPS, elic-

iting immune responses against invading bacteria [46]. In the current review, a study by

Tanaka et al., 2018 revealed several TLR4 peptides, including GRHIFWRR that demonstrated

binding to Escherichia coli as well as LPS. These peptides exhibited a high proportion of argi-

nine and lysine residues, positive charge, and low GRAVY value (hydrophilic) [46]. Düvel

et al., 2015, using fluorescence labelled c-di-GMP, showed that PA3740 octomer peptides bind

c-di-GMP with high affinity and uncovered LKKALKKQTNLR to be a putative c-di- GMP

binding motif [53].

Immunosignatures. There is an increasing awareness that health care must move from

post-symptomatic treatment to pre-symptomatic intervention [54]. A universal system to

diagnose disease, characterize infection or evaluate the response to a vaccine would be useful

[55]. An ideal system would allow regular monitoring of health status using circulating anti-

bodies to report on health fluctuations. Random peptide microarrays can do this through anti-

body signatures [54]. An immunosignature is a pattern of binding of serum antibodies to an

array of thousands of random-sequence peptides in a broad and unbiased fashion [14, 56].

Immunosignatures are not based on natural peptide sequence, but instead on a representative

and diverse chemical space, a fact that simplifies peptide synthesis [57]. Antibodies will bind to

random peptides under permissive binding conditions. The binding is detected by a fluores-

cent anti-human secondary antibody. A high-resolution laser scanner provides an intensity

value for each peptide [14]. Querying immunosignature data using statistical and machine

learning the random patterns of antibody peptide interactions can be used to diagnose disease,

even many diseases simultaneously [14]. In this review, this approach was shown to have diag-

nostic and prognostic potential for diseases and interrogation of vaccine response. Immuno-

signatures can also be produced using disease-specific peptides. The immunosignatures using

disease-specific peptides generally produce a strong signal intensity than immunosignatures

using random peptides [43].

Immunodiagnostics. Serological assays play a major role in the diagnosis of both past

and recent infections [23, 58]. These assays are often based on crude antigen extracts or puri-

fied native antigenic proteins or recombinant antigens, which have constraints. Production of
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native antigens is limited, and the amounts are difficult to standardize. There is risk of contam-

ination with proteins from organisms used in the production of recombinant antigens. More-

over, some recombinant antigens show lower reactivity than their corresponding native

antigens, due to differences in protein folding that can result in altered epitope presentation.

Recombinant antigens may also expose both disease-specific epitopes and cross-reacting epi-

topes that may affect the diagnostic accuracy of serological assays. To avoid these limitations,

several studies have shown that peptide microarrays can be used in serological assays to dis-

criminate infected individuals from healthy individuals [15, 23, 58–60]. Peptide microarray

immunoassays were also shown to be capable of simultaneous multiplex diagnosis of different

pathogens with a single patient serum sample [15, 23, 61]. However, it is extremely unlikely

that a single peptide can distinguish pathogens or strain types reliably [59]. To achieve a satis-

factory diagnostic sensitivity and a high specificity, it is necessary to use optimized peptide

combinations, mimicking reactive epitopes on natural antigens. This strategy improves assay

specificity by eliminating non-specific and potentially cross-reactive epitopes. Targeting a

combination of such antigens can enhance assay sensitivity and has been shown to improve

the diagnosis of tick-borne and protozoan diseases [23, 62]. To select candidate diagnostic pep-

tide sequences for subsequent analysis, in silico predicted B-cell epitopes and previously pre-

dicted diagnostic peptides were used in the studies included in the review.

Mapping T-cell epitopes. Rational development and evaluation of peptide based vaccines

and therapeutics requires identification and measurement of epitope-specific CD4 and CD8 T-

cell responses. Conventional T-cell epitope discovery methods are labour intensive and do not

scale well [63]. In the current review, two studies [12, 63] described the use of peptide microar-

rays using overlapping peptides, major histocompatibility complexes (MHC) and fluorescent

tagged anti-MHC antibodies to map immunodominant T-cell epitopes. This high-throughput

identification of T-cell epitopes will provide more information for the design of peptide-based

vaccines and for the development of diagnostic reagents, such as MHC peptides.

Strength and limitation

A clear limitation of conventional peptide microarrays is their restriction to linear protein epi-

topes, whereas conformational epitope antibody recognition cannot be identified [64]. Detec-

tion of antibodies recognizing all potential epitopes whether linear, conformational or

carbohydrate or LPS is a key requirement to comprehensively profile the humoral immune

response [55].

The main advantage of the peptide microarray design is the miniaturisation of antibody-

antigen interaction assays, the simultaneous analysis of several peptide sequences and the sub-

sequent reduction in serum volume required from patients since this always represents a limit-

ing factor in serological studies [65]. By using peptide microarrays, it is feasible to

simultaneously investigate the prevalence of the respective antibody classes in a specific patient

and to differentiate the reactivity to all epitopes recognized by the different antibody class. By

using different fluorescently labelled secondary antibodies each recognizing a particular anti-

body class, peptide microarrays permits the detection of different antibody classes within the

same microarray [66].

In binding assays a distinct advantage offered by the peptide microarrays is the immediate

visual assessment of all bacterial and viral cells and LPS binding events, enabling the parallel

analysis of all binding peptides at once. This is useful for selection of orthogonal functional

peptides that have different binding targets. A distinct disadvantage, however, is the limited

number of potential binding ligands that generally does not allow meaningful selection of con-

sensus sequences or binding motifs [67].
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Conclusion

In the review the peptide microarrays were shown to offer a wide range of applications, includ-

ing, B-cell and T-cell epitope discovery for development of diagnostics and vaccines, serologi-

cal diagnosis of viruses and bacteria as well as parasitic diseases pathogen and antimicrobial

peptides discovery. Their most important was shown to be B-cell epitope mapping or antibody

profiling to identify diagnostics and vaccine targets. Immunosignatures identified by random

peptide microarrays were shown to be applied in the diagnosis of infections and interrogation

of vaccine responses. Analysing the interactions of random peptide microarrays with bacterial

and viral cells using binding assays enabled the identification of antimicrobial peptides. Pep-

tide microarray arrays were also used for T-cell linear epitope mapping which may provide

more information for the design of peptide-based vaccines and for the development of diag-

nostic reagents.
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49. López-Pérez PM, Grimsey E, Bourne L, Mikut R, Hilpert K. Screening and optimizing antimicrobial pep-

tides by using SPOT-synthesis [Internet]. Vol. 5, Frontiers in Chemistry. Frontiers Media S. A; 2017

[cited 2021 Jan 14]. p. 25. Available from: www.frontiersin.org https://doi.org/10.3389/fchem.2017.

00025 PMID: 28447030

50. Svarovsky SA, Gonzalez-Moa MJ. High-throughput platform for rapid deployment of antimicrobial

agents. ACS Comb Sci. 2011 Nov 14; 13(6):634–8. https://doi.org/10.1021/co200088c PMID:

21923164

51. Betanzos CM, Gonzalez-Moa MJ, Boltz KW, Vander Werf BD, Johnston SA, Svarovsky SA. Bacterial

glycoprofiling by using random sequence peptide microarrays. ChemBioChem [Internet]. 2009 Mar 23

[cited 2021 Jan 14]; 10(5):877–88. Available from: http://doi.wiley.com/10.1002/cbic.200800716 PMID:

19243087

52. Johnston SA, Domenyuk V, Gupta N, Batista MT, Lainson JC, Zhao ZG, et al. A Simple Platform for the

Rapid Development of Antimicrobials. Sci Rep. 2017 Dec 1; 7(1). https://doi.org/10.1038/s41598-017-

17941-7 PMID: 29242618
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