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Abstract 

Background and Objective: Neisseria meningitidis is a major global cause of bacterial 

meningitis and septicemia, especially among infants, adolescents, and young adults. Conjugate 

vaccines have significantly reduced the burden of invasive meningococcal disease by inducing 

robust T cell–dependent immune responses and long-term immunological memory. The 

chemical method used to conjugate capsular polysaccharides to carrier proteins plays a decisive 

role in determining vaccine immunogenicity, stability, and scalability. This review aims to 

provide a comparative evaluation of established and emerging polysaccharide–protein 

conjugation chemistries applied in meningococcal vaccine development, highlighting their 

chemical mechanisms, advantages, limitations, and implications for vaccine design. 

Materials and Methods: A narrative review was conducted using approximately 60 peer-

reviewed articles retrieved from PubMed, Scopus, and Web of Science covering the period 

2018–2025. Search terms included “meningococcal vaccine”, “polysaccharide-protein 

conjugation”, “carrier protein”, and “conjugation method”. Relevant studies were selected based 

on predefined inclusion and exclusion criteria, and data were synthesized narratively and 

comparatively. 

Results: Five major conjugation strategies—reductive amination, carbodiimide-mediated 

coupling, CDAP activation, thiol–maleimide chemistry, and azide–alkyne cycloaddition—were 

identified as the principal approaches used in licensed and experimental meningococcal 

conjugate vaccines. Reductive amination remains popular due to its simplicity and stability, 

whereas click chemistry and other site-specific methods provide greater structural control, 

although they require specialized reagents and techniques. Key determinants of vaccine 

performance include choice of carrier protein, polysaccharide chain length, activation 

conditions, reaction specificity, and process scalability. 

Conclusions: Optimal meningococcal vaccine design requires selecting a conjugation method 

that achieves the desired balance between immunogenicity, manufacturing feasibility, and 

regulatory acceptability. Continued innovation in coupling chemistries and carrier protein 

development will be essential to advance cost-effective, safe, and widely accessible next-

generation vaccines. 

 

Keywords: Carrier Proteins, Chemical Processes, Conjugate, Immunogenicity, Meningococcal 

Vaccines, Neisseria meningitidis, Polysaccharides, Protein Binding, Vaccination, Vaccine 

Design 

 

Introduction 
Neisseria meningitidis is a Gram-negative 

diplococcus bacterium that inhabits the human 

nasopharynx and can cause Invasive Meningococcal 

Disease (IMD), a serious and often life-threatening 

illness [1]. It is a particularly important cause of 

bacterial meningitis in children and adults due to its 

potential for epidemics. The relative importance of 
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IMD as a public health threat varies greatly over 

time and across geographical locations; however, the 

epidemiological potential of meningococci raises 

particular public health concerns whenever clinical 

cases occur. 

Of the 13 recognized serogroups, serogroups A, B, 

C, W, and Y are primarily responsible for most IMD 

cases globally [2, 3]. The prevalence of each 

serogroup varies according to geographic region. 

Group A IMD is largely a problem in Sub-Saharan 

Africa, whereas outbreaks of serogroups C and Y 

are major occurrences in the United States. Group B 

Neisseria meningitidis has caused up to 90 percent 

of IMD cases in some European countries, while 

serogroups X and W135 have been associated with 

small to medium outbreaks in Africa [4]. 

The swift onset and high mortality associated with 

IMD, along with the potential for long-term 

complications in survivors, highlight the urgent need 

for effective preventive strategies [5]. 

Initial efforts to combat IMD involved the 

development of polysaccharide vaccines targeting 

the capsular polysaccharides of N. meningitidis [6]. 

While these vaccines offered some protection, they 

faced significant challenges, such as limited 

effectiveness in infants and young children, inability 

to induce lasting immunological memory, and 

reduced immune responses upon repeated dosing 

[7]. These limitations underscored the need for more 

effective vaccination approaches. 

The introduction of conjugate vaccines, which link 

capsular polysaccharides to carrier proteins, 

represented a major breakthrough in the prevention 

of meningococcal disease [8]. This conjugation 

process converts the polysaccharide antigen into a 

T-cell–dependent antigen, thereby improving 

immunogenicity in all age groups [9], stimulating 

immunological memory, and decreasing 

nasopharyngeal carriage, which enhances herd 

immunity [10]. Carrier proteins play a crucial role in 

glycoconjugate vaccines. Various carrier proteins, 

including tetanus toxoid (TT), diphtheria toxoid 

(DT), and the non-toxic mutant of diphtheria toxin 

CRM197, have been used in licensed 

meningococcal conjugate vaccines [11]. 

Several chemical techniques have been developed to 

achieve polysaccharide–protein conjugation, 

including reductive amination, carbodiimide-

mediated coupling, and the use of linkers such as 

adipic acid dihydrazide (ADH) [12]. Each of these 

conjugation strategies affects the physicochemical 

properties of the resulting glycoconjugate, 

potentially influencing its immunogenicity, stability, 

and manufacturability [13]. Understanding the 

subtleties of these conjugation methods is crucial to 

optimizing vaccine design and effectiveness. The 

main chemical pathways for attaching the capsular 

polysaccharide to the carrier protein are 

schematically shown in Figure 1. 

 

 
Fig. 1 Schematic representation of the main chemical conjugation pathways used to link capsular polysaccharides to carrier proteins 

in meningococcal conjugate vaccine development. Methods illustrated include reductive amination, click chemistry, enzymatic 

ligation, and thiol–maleimide coupling, leading to T cell–mediated immune responses. 
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Materials and Methods 

A comprehensive literature search was performed in 

PubMed, Scopus, and Web of Science to identify 

studies published between January 2018 and March 

2025 regarding conjugation strategies in 

meningococcal polysaccharide vaccines. Search 

terms included “meningococcal vaccine,” 

“polysaccharide–protein conjugation,” “capsular 

polysaccharide,” “carrier protein,” “conjugation 

method,” and “vaccine design,” used individually 

and in combination with Boolean operators. 

Additional articles were identified through manual 

screening of references from relevant publications. 

Studies were included if they were original research 

articles, systematic or narrative reviews, or 

analytical reports focusing on chemical or 

biochemical methods for meningococcal 

polysaccharide–protein conjugation, and if they 

provided data on underlying chemical principles, 

reaction mechanisms, immunogenicity, stability, 

scalability, or manufacturability. Articles that were 

not related to bacterial conjugate vaccines, lacking 

methodological rigor, or were published as non-

peer-reviewed sources were excluded. For each 

eligible study, extracted data included publication 

year, study design, target Neisseria meningitidis 

serogroup(s), conjugation chemistry used (such as 

reductive amination, 1-cyano-4-

dimethylaminopyridinium tetrafluoroborate (CDAP) 

activation, thiol–maleimide chemistry, or click 

chemistry), type of carrier protein (e.g., TT, DT, and 

CRM197), reaction conditions, coupling efficiency, 

immunogenicity outcomes, stability, and scalability. 

Data extraction was conducted independently by 

both authors, and any disagreements were resolved 

by consensus. The quality of studies was assessed 

using adapted PRISMA and STROBE checklists, 

considering clarity in chemical procedures, 

completeness of immunological assessment, and 

reproducibility. Extracted information was 

synthesized narratively and comparatively, enabling 

evaluation of each conjugation strategy in terms of 

its chemical mechanism, operational requirements, 

immunogenicity, and scalability, while also 

highlighting emerging methods with potential 

regulatory acceptance and alignment with current 

WHO recommendations. 

Conjugation Strategies for Meningococcal 

Vaccines 

Vaccines based on meningococcal polysaccharides 

that elicit an immune response against the capsular 

polysaccharide have been described. These 

antibodies are capable of complement-mediated 

bacteriostatic resistance to meningococcal 

serogroup-specific vaccines [14, 15].  

Meningococcal polysaccharide vaccines have been 

shown to be effective in children and adults. The 

immune response and loss of immunity are age-

dependent, with young infants and children 

requiring higher doses and experiencing a more 

rapid decline in antibody levels than older children 

and adolescents [16]. 

The composition of these vaccines varies widely, 

depending on the capsular serogroup(s), the type of 

antigen, and the type of carrier protein, all of which 

influence the characteristics of the immune response 

[17]. Existing vaccines based on meningococcal 

polysaccharides have limited use in infants and do 

not provide long-term protection in adults. 

Therefore, there is a need for meningococcal 

conjugate vaccines that can provide broad-spectrum, 

long-term protection against IMD in children and 

adults at risk of the disease [18]. 

Various chemical methods have been developed for 

conjugating polysaccharide antigens to carrier 

proteins, each with specific benefits and limitations 

[13, 19]. The selection of a modification approach 

depends on the distinctive structural attributes of the 

Polysaccharide and the intended objectives [20]. 

Characterizing modified polysaccharides and their 

conjugates is essential for elucidating structure–

activity relationships and enhancing their efficacy 

[21]. Although the chemical modification of a 

polysaccharide holds considerable promise for 

applications in pharmaceuticals and the food 

industry, challenges remain in developing effective 

and regulated modification methodologies [22]. 

Reductive Amination 

Reductive amination was one of the first methods 

used to develop a vaccine against Neisseria 

meningitidis serogroup C, such as Menjugate, which 

uses CRM197 as the carrier protein [23]. For a 

Polysaccharide to be chemically conjugated to a 

protein, it must undergo activation, specifically 
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through chemical modification [24]. The 

predominant technique for Polysaccharide  

activation is periodate oxidation. Sodium periodate 

oxidizes diols—two adjacent carbons bearing 

hydroxyl groups—into aldehydes (C=O) while 

simultaneously cleaving C–C bonds [25]. These 

reactive aldehyde groups then form Schiff bases 

(imine intermediates) with the primary amine groups 

(–NH₂) on the carrier protein (usually lysine 

residues). The imine is subsequently reduced, often 

using sodium cyanoborohydride (NaBH₃CN), to 

generate a stable secondary amine bond. 

Depending on the Polysaccharide structure, 

periodate activation may fragment the 

Polysaccharide and disrupt the ring structures of 

sugars, thereby altering its conformation [26]. These 

reactive aldehyde groups then form Schiff bases 

with the primary amine groups on the carrier protein 

[27]. The imine is then reduced (commonly using 

NaBH₃CN) to yield a stable secondary amine bond. 

Limitations of this method include partial 

depolymerization of the PS during oxidation, 

random binding sites on the carrier protein leading 

to heterogeneous conjugates, and the risk of 

excessive oxidation if reaction conditions are not 

carefully controlled [28, 29]. 

Carbodiimide-Mediated Coupling 

This method uses carbodiimides such as 1-ethyl-3-

dimethylaminopropyl carbodiimide (EDC) to 

activate carboxyl groups on polysaccharides or 

proteins, enabling them to react with amino groups 

and form covalent linkages [30, 31]. The efficiency 

of the reaction is influenced by factors, such as pH, 

buffer composition, and substrate concentration 

[30]. 

This approach does not require polysaccharide 

oxidation and is generally used for W and Y 

serogroup conjugates, where the polysaccharide 

contains a carboxyl group [32]. The mild reaction 

conditions help preserve antigen integrity; however, 

limitations include the potential for cross-linking, 

low reproducibility, and side effects, such as protein 

degradation in certain conditions [30, 33]. Despite 

these challenges, carbodiimide conjugation remains 

a valuable tool for synthesizing polysaccharide–

protein conjugates and other biomedical applications 

[31, 34]. 

CDAP Activation 

Concurrent vaccines represent a significant advance 

in vaccine technology. Polysaccharides can be 

functionalized and conjugated to carrier proteins 

using 1-cyano-4-dimethylaminopyridinium 

tetrafluoroborate (CDAP), a readily available 

cyanylating agent [34]. The CDAP activates 

polysaccharides by reacting with hydroxyl groups 

[35]. The stability and reactivity of CDAP are highly 

dependent on water content [36]. The pH of the 

reaction decreases during activation due to CDAP 

hydrolysis, making precise pH control essential for 

successful activation. 

The original CDAP activation protocol was 

performed at room temperature in an aqueous 

medium. Due to the rapid reaction time (<3 min) 

and the associated pH drop, adjusting and 

maintaining the target pH was challenging [37]. The 

refined procedure is conducted at ultralow 

temperatures (-120 °C) to enhance control over the 

activation process [38]. 

Activated polysaccharides may then be reacted in 

situ with ADH or other bifunctional amines to 

introduce linkers, or, alternatively, directly coupled 

to carrier proteins [39, 40]. ADH-mediated cross-

linking has been shown to produce homogeneous 

glycoconjugates with efficient protein binding [41]. 

Thiol–Maleimide Chemistry 

Thiol–maleimide chemistry is a widely used 

bioconjugation method, particularly in vaccines and 

antibody–drug conjugates [12, 42]. It involves 

modifying thiol-containing polysaccharides to react 

with maleimide-functionalized proteins [43]. This 

approach enables site-specific attachment of 

carbohydrate antigens to carrier proteins, 

minimizing random cross-linking and enhancing 

reproducibility [44]. The reaction is highly selective, 

potent, and forms stable thioether bonds [12]. 

Although commonly applied in site-specific 

antibody conjugates, its use in licensed vaccines is 

limited. Although one of its advantages is the ability 

to ensure high reproducibility and reduced 

heterogeneity, recent findings suggest the 

thiosuccinimide linkage can be less stable than 

initially believed, affecting pharmacokinetics. To 

address this, newer maleimide derivatives have been 
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developed that allow irreversible bioconjugation or 

reversible disulfide exchange [42]. 

Click Chemistry (Azide–Alkyne Cycloaddition) 

The copper(I)-catalyzed azide–alkyne cycloaddition 

(CuAAC) is widely recognized as a highly efficient, 

selective, and versatile reaction for chemical 

synthesis [45]. This reaction produces stable, 

biocompatible linkages, selectively forming 1,4-

disubstituted 1,2,3-triazole units. Its popularity in 

bioconjugation stems from high chemospecificity, 

regioselectivity, rapid reaction rates, and minimal 

byproducts [46]. 

The CuAAC can be performed at room or 

physiological temperature in aqueous media, making 

it compatible with biological systems [48]. It is 

particularly suited for linking alkyne-labeled 

proteins with azide-functionalized polysaccharides, 

as well as modifying highly functional biomolecules 

such as polysaccharides, peptides, and nucleic acids. 

These features have made it useful in diverse 

applications, including drug delivery, gene therapy, 

bioseparation, and diagnostics [49, 50]. 

Drawbacks include the requirement to chemically 

modify both polysaccharide and protein 

components, and the lack of licensed vaccines using 

this method. While still in experimental stages for 

meningococcal vaccines, it is actively being 

explored for its precision and versatility [47–49]. 

Carrier Proteins Used in Meningococcal 

Vaccines 
Polysaccharide antigens may trigger a weak T cell–

independent immune response. Conjugating 

Polysaccharide to a non-toxic carrier protein is an 

established strategy to enhance Polysaccharide-

specific immunogenicity [51]. Glycoconjugate 

vaccines, which combine polysaccharides with 

carrier proteins, have demonstrated efficacy against 

encapsulated bacteria, such as Neisseria 

meningitidis, Streptococcus pneumoniae, and 

Haemophilus influenzae type b [51, 52]. 

Traditional carrier proteins include TT and 

CRM197; however, new carriers are being 

developed to overcome limitations such as residual 

formaldehyde from detoxification processes, low 

yield, or limited immunogenicity. These alternatives 

include the outer membrane protein complex of 

serogroup B meningococcus and Haemophilus 

protein D [53, 54]. The native C-fragment of tetanus 

toxin (Hc) has shown promise as a safe, cost-

effective, and immunogenic carrier [51, 54]. The 

recombinant form of TT, known as 8MTT, has been 

found to be comparable or superior to TT and 

CRM197 in various glycoconjugated vaccine 

candidates [9]. 

In the case of N. meningitidis serogroup B—lacking 

an immunogenic capsular Polysaccharide —factor H 

binding protein (FHBP) has been identified as a 

critical antigen. Incorporation of FHBP as a 

lipidated variant from both subfamilies provides 

broad protection against diverse strains [56]. 

Issues and Challenges of Meningococcal 

Conjugate Vaccines 
Several challenges remain with meningococcal 

conjugate vaccines, particularly regarding the 

duration of protection and the potential need for 

booster doses. The IMD affects a broad range of age 

groups, from children to adolescents and older 

adults, making sustained protection critical for 

effective disease control. 

Although conjugate vaccines induce immunological 

memory, this alone may not ensure immediate 

protection against IMD. Studies on the kinetics of 

the antibody response have shown that it can take up 

to 10 days after vaccination to achieve protective 

antibody titers. Because protection depends on 

having sufficient circulating antibodies at the time of 

exposure, antibody persistence is a key determinant 

of long-term protection. Monitoring and optimizing 

the longevity of the antibody response remain 

important objectives in meningococcal vaccine 

development (Table 1). 
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Table 1. Comparative table of conjugation strategies in meningococcal polysaccharide vaccines 

Applications / 

Serogroups 
Limitations Advantages 

Chemical 

Mechanism 

Conjugation 

Method 

MenC (e.g.,  

Menjugate®  

with CRM197) 

Depolymerizati  on risk; non-  

specific binding sites; sensitive 

to oxidation  conditions [28, 29] 

Simple, widely  used; no 

need  for linkers;  stable 

amine  bond [23, 24, 25, 27] 

Periodate  oxidation of 

diols to  aldehydes →  Schiff 

base  formation → 

reduction to  amine [24, 25, 27] 

Reductive  

Amination  [23] 

MenW, MenY  

(serogroups 

with carboxyl  

groups) 

Cross-linking  risk; low 

reproducibility;  side reactions  

possible [30, 33] 

Does not  require 

oxidation;  relatively mild  

conditions [30, 32] 

Carboxyl  activation via  EDC 

→ amide  bond formation 

with amines [30, 31] 

Carbodiimide  

Mediated  Coupling  

(EDC/NHS) [31] 

Experimental  

glycoconjugates; 

Hib and  

Salmonella  

vaccines 

Requires pH  and temp 

control;  instability  during  

hydrolysis;  technical  

complexity [36, 37] 

Fast reaction;  useful for 

wide  range of  

polysaccharides; can form   

stable  intermediates [34, 39] 

CDAP  activation of  hydroxyl 

groups →  introduction of  

linkers or direct  protein  

coupling [34, 35, 39] 

CDAP  Activation 

[34] 

Targeted  

bioconjugates;  

site-specific  

conjugation 

Limited use in  vaccines; thiol- 

maleimide  linkage may be  

reversible  under  physiological  

conditions [42] 

High site-  specificity; 

stable linkage;  minimal  

random cross-  linking [12, 

42, 44] 

Thiol-modified  PS reacts with 

maleimide-  functionalized  

protein [43, 44] 

Thiol-Maleimide  

Chemistry [42] 

Experimental  

platforms for  

synthetic  

vaccines 

Requires pre-  functionalization 

of both PS  and protein;  limited 

use in  licensed  vaccines [12] 

Highly specific;  quantitative 

yields; works in  

aqueous/physi  ological  

conditions [12, 42] 

Azide-alkyne  cycloaddition  

catalyzed by  Cu(I) → triazole  

Linkage [12, 42] 

Click Chemistry  

(CuAAC) [12] 

 

Conclusion 
The choice of chemical conjugation strategy in 

meningococcal polysaccharide vaccines is a pivotal 

determinant of the resulting glycoconjugate’s 

immunogenicity, stability, manufacturability, and 

potential for global deployment. Traditional 

chemistries, such as reductive amination and 

carbodiimide-mediated coupling, have served as the 

backbone of multiple licensed formulations due to 

their relative simplicity, scalability, and well-

characterized regulatory profiles. These approaches, 

however, often rely on non–site-specific linkages, 

which can yield heterogeneous products and 

occasionally compromise antigen stability—issues 

that become critical when targeting serogroups with 

structurally delicate polysaccharides or high 

susceptibility to oxidation. In recent years, advances 

in site-specific bioconjugation technologies, 

including CDAP activation, thiol–maleimide 

coupling, and azide–alkyne “click” chemistry, have 

opened new opportunities for improving structural 

precision and batch-to-batch consistency (Table 2). 

The CDAP-based activation permits rapid, broad-

spectrum functionalization of polysaccharides, while 

click chemistry offers unparalleled selectivity, 

biocompatibility, and product homogeneity. 

Nonetheless, adoption of these methods remains 

uneven, owing to high reagent costs, technical 

complexity, and the need for specialized reaction 

control, which can be challenging in large-scale 

manufacturing environments. Beyond chemistry 

selection, the immunological performance of 

meningococcal conjugates is strongly influenced by 

process parameters such as polysaccharide chain 

length, activation intensity, carrier protein choice, 

and the stoichiometry and orientation of conjugation 

sites. Subtle adjustments to these factors can 

significantly impact antigen presentation, T-cell 

activation pathways, and the durability of immune 

memory. Moreover, the manufacturability of the 

chosen method must align with stringent quality 

control requirements and international regulatory 

standards to enable deployment in low- and middle-

income countries where IMD burden remains 

highest. Future progress will depend on integrating 

the precision of modern coupling chemistries with 

scalable, cost-conscious production pipelines, 

alongside the continued exploration of novel carrier 

proteins that minimize pre-existing immunity while 

maximizing immune potentiation. The convergence 

of synthetic chemistry innovation, structural 

glycobiology insights, and bioprocess engineering 
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will be central to building next-generation 

meningococcal vaccines that are not only 

scientifically advanced but also affordable, stable, 

and accessible globally. 
 

Table 2. Emerging and in-development conjugation strategies for meningococcal polysaccharide vaccines 

Conjugation 

method 
Chemical mechanism Advantages 

Limitations / 

Challenges 

Development stage & 

potential applications 
References 

Advanced Click 

Chemistry 

Copper-free azide–

alkyne cycloaddition 

enabling site-specific 

coupling without toxic 

catalysts. 

High reaction 

specificity; preserves 

antigen integrity; 

enables precise 

control over 

conjugation sites. 

Requires specialized 

reagents and 

synthetic 

modification of 

reactants; potential 

scalability issues. 

Preclinical stage; 

potential for 

multivalent 

meningococcal 

conjugates with 

enhanced 

immunogenicity. 

[42, 44, 50] 

Enzymatic 

Ligation (e.g., 

sortase-mediated) 

Enzyme-catalyzed 

formation of covalent 

bonds between 

polysaccharides and 

proteins using 

recognition peptide 

tags. 

Site-specific 

coupling; avoids 

harsh chemical 

conditions; high 

product 

homogeneity. 

Requires engineered 

carrier proteins and 

enzymes; slower 

than chemical 

methods. 

Exploratory research; 

potential for next-gen 

thermostable 

glycoconjugates. 

[53, 55, 58] 

Site-selective 

Oxidation & 

Coupling 

Selective oxidation of 

specific sugar residues 

followed by reaction 

with bifunctional 

linkers. 

Minimizes 

polysaccharide 

fragmentation; 

improves structural 

consistency. 

Oxidation selectivity 

varies by serogroup; 

requires precise 

control of reaction 

conditions. 

Prototype vaccines 

under investigation for 

serogroups A, C, Y. 

[25, 26, 27, 60] 

Self-assembling 

Nanoconjugates 

Amphiphilic carrier–

antigen components 

that spontaneously 

assemble into 

nanoscale particles. 

High antigen density; 

potential for mucosal 

delivery; improved 

stability. 

Formulation 

complexity; 

regulatory pathways 

not established for 

self-assembled 

platforms. 

Proof-of-concept 

studies; feasibility for 

broad-spectrum 

combination vaccines. 

[63, 65, 68] 

Reversible 

Covalent Linkers 

Dynamic covalent 

bonds that allow 

controlled release or 

exchange of antigens 

in vivo. 

Enables booster-like 

antigen presentation 

from a single 

formulation; 

adaptable to multiple 

serogroups. 

Stability concerns 

under physiological 

conditions; requires 

novel linker 

chemistries. 

Lab-scale proof-of-

principle; long-term 

goal for adaptive 

pediatric 

immunization. 

[70, 72, 75] 

      

Future Prospective  

Emerging technologies, including glycoengineering, 

synthetic polysaccharide mimics, and modular 

conjugation platforms, hold significant promise for 

the next generation of meningococcal vaccines. 

These innovations aim to enhance immunogenicity, 

minimize reactogenicity, and improve 

manufacturing efficiency. However, translating such 

advances into clinical application will require 

coordinated collaboration among chemists, 

immunologists, regulatory agencies, and industry 

stakeholders. 

No single conjugation method can be regarded as 

universally superior. The optimal approach should 

be determined by factors such as serogroup-specific 

characteristics, target population, production 

feasibility, and regulatory constraints. Conjugation 

chemistry must be embedded within a 

comprehensive vaccine design framework that also 

considers the formulation components and their 

interactions. Sustained research, technological 

innovation, and direct comparative studies will be 

crucial for refining current platforms and delivering 

meningococcal vaccines that are accessible, 

affordable, and effective worldwide. 
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