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a b s t r a c t

Antibody avidity is an important parameter to evaluate immune response, being useful to

evaluate vaccine responses and helping to distinguish acute and latent infection. The

antibody avidity can be measured by different methods, yet the most common is a

modified ELISA. The utilization of commercial kits or in-house methods to evaluate anti-

body avidity have been adopted more and more, although the lack of standardization

between different assays may generate a lot of variation in the process, making it hard to

compare the results generated.
Antibody avidity

Antibody production in response to infection or vaccination is

an essential process to combat and prevent infectious dis-

eases. The binding of the antibody to the antigen is a non-

covalent interaction [1]. It has been shown that affinity of

antibodies increases with the time, through a process named

affinity maturation, which is a consequence of somatic

hypermutation, this reaction occurs in the germinal centers

and requires the support provided by follicular dendritic cells

and T-helper cells, thus generating antibodies that bind with

more strength to the antigen [2].
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Affinity is defined as the strength of interaction between a

monovalent epitope and amonovalent antibody, while bivalent

and multivalent interactions are defined as avidity (Fig. 1) [3].

In the germinal center also occurs events that lead to

immunoglobulin class-switch and differentiation into plasma

cells or memory B cells [4]. Thus, some authors investigate the

generation of immunological memory by means of antibody

avidity evaluation [5e8]. Besides, high affinity antibodies

display a better function and may be more indicative of pro-

tective antibodies [9e11], being useful in the evaluation of

responses to vaccines. Hence, the antibody avidity is an

important parameter to evaluate vaccine efficacy [12].
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Fig. 1 (A) Representation of affinity and avidity, (B) chaotropic agent activity in antibody binding to epitope.
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To analyze the antibody avidity two methodologies may be

applied: the use of a protein-denaturing agent that is added in

serum diluent to prevent antigeneantibody complex, known

as dilution principle, or the utilization of this protein-

denaturing agent after the formation of antigeneantibody

complex, known as elution principle [13]. Considering that,

the antibody avidity can be measured by different methods,

such as ammonium sulphate precipitation, solid-phase

radioimmunoassay, surface plasmon resonance and modified

ELISA [13,14], the latter being the most common method to

analyze the avidity index, due to its simplicity and quickness

[1].

To perform the avidity assay, it can be used standard

commercial kits or it can be developed an in house method,

but the biggest problem concerning this topic is the variability

between the results obtainedwhen used different commercial

kits and in house protocols, which makes it hard to compare

the results obtained by eachmethodology. This review aims to

discuss the use ofmodified ELISA to assess the avidity index of

antibodies and how the lack of standardization may impair

the interpretation and comparison of the results between the

scientific community.
Indirect-enzyme-linked immunosorbent assay
(Indirect-ELISA)

Before performing amodified ELISA to check the Avidity Index

(AI) of antibodies, it is important to understand the conven-

tional method, which has to be well standardized, given that
several factors may influence its performance and, conse-

quentially, the AI assay [15].

Firstly, despite the several ELISA methods, as indirect-

ELISA, Sandwich-ELISA and Competition-ELISA [15], not all

of them are suitable for assessing AI. The modified ELISA that

is suggested in this review is based on the Indirect method. It

was described by Lindstr€om and Wager [16] and consists of

immobilizing the antigen on the plate, then incubating the

serum sample and use an enzyme-labelled anti-immuno-

globulin to detect the presence of antibodies in the sample.

When the AI assay is performed, the chaotropic agent is

incubated after the serum and before the secondary antibody,

in that way, the reaction reveals only the presence of high-

avidity antibodies [17].

There are different types of plates for ELISA, made of rigid

polyvinyl, polypropylene and polystyrene, with different

binding capacities [18]. The nature of the antigen (complex

with several structures, purified proteins, etc) and its structure

(size, charge, etc) must be observed to choose the ideal plate

for that antigen to bind. The binding reaction is also influ-

enced by the pH, the incubation conditions and the concen-

tration of the antigen [15,19].

The antigeneantibody reaction is mainly determined by

the concentration of each one on the assay, along with the

affinity constant of the antibody [20]. However, the incubation

time and temperature are important issues to be considered.

The most used temperatures are 4 �C, room temperature or

37 �C, usually, the lower the temperature, the longer the in-

cubation period [15], however, stronger signals are usually

obtained by longer serum incubation periods [21].
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Table 1 Interpretation of results of some avidity assay kits to HCMVof different companies according to themanufacturer's
instruction.

Manufacturer Dissociating agent Interpretation of results according to manufacturer's Ref.

Name of the kit

Diesse Urea <30% low avidity

Enzywell Cytomegalovirus IgG avidity [26]

>40% high avidity

Euroimmun Urea <40% low avidity

CMV IgG avidity [40]

>60% high avidity

Bio-Rad Urea <40% low avidity

Platelia CMV IgG avidity [26]

>55% high avidity

Radim Urea <35% low avidity

Cytomegalovirus IgG avidity [41]

>45% high avidity

Technogenetics Potassium thiocyanate <25% low avidity

BEIA CMV IgG avidity
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The diverse options of substrates also impact the final

reading. Some substrates are described asmore sensitive than

others. For one of the most common enzymes used, HRP

(horseradish peroxidase), TMB (3 30 5 50-tetramethylbenzidine)

is described as a more sensitive substrate when compared

with OPD (o-phenylenediamine dihydrochloride) and ABTS

(2,20-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)), for

example [22]. Shorter periods of substrate incubation are

usually associated with higher temperatures to accomplish

maximum enzymatic reaction [23]. ELISA technique may

differ between protocols and must be standardized to suit the

conditions of the laboratory where it is performed and to

provide trustworthy results. After all, once standardized, the

protocol should be proceeded as established, avoiding

changes that might impact on the results [21].
Modified ELISA for antibody avidity assay

The modified ELISA assay consists of adding a chaotropic

agent, such as urea, thiocyanate or diethylamine, after the

incubation of the plates with the serum, once these agents

have the capacity to elute antibodies that bind weakly to the

antigen (Fig. 1). These agents can disturb hydrophobic inter-

action, hydrogen bonds, van der Waals forces and, in the case

of thiocyanate, even electrostatic interactions [24]. Moreover,

when this assay is used to evaluate antibody avidity, it is

necessary to consider some variants, such as antigen source,

serial or single serum dilution, chaotropic agent used and its

concentration, incubation period, serum dilution, calculation

and interpretation of results, among others [24,25].

The use of standard commercial kits to evaluate antibody

avidity has been adopted more and more, however, it is

necessary to evaluate which kit will be the best for the anal-

ysis. Another important point is the possibility of comparison

of results among different kits. Even if different kits are

standardized to a specific pathogen, it is important to check if

results obtained by different kits for the same pathogens can

be compared.
The IgG avidity is an important parameter to evaluate the

risk of congenital infections by Toxoplasma spp., human

cytomegalovirus (HCMV) and rubella virus, for example, since

IgM antibodies may persist for a long time and its measure in

immunoassays may not be able to distinguish recent in-

fections, in some cases. Low avidity IgG in the mother is

associated with a recent primary infection with HCMV, Toxo-

plasma gondii and Rubella, presenting high risk of intrauterine

transmission, on the other side, high avidity IgG in mother in

the recurrent infection represents little risk of transmission to

the fetus [26e28]. A study assessed the performance of eight

commercial human cytomegalovirus IgG avidity assays (5

ELISA, 2 chemiluminescent and 1 enzyme-linked fluorescent

assay) and verified a widely performance variance between

the kits [26].

Bobi�c et al. [25] compared the performance of three Toxo-

plasma-specific IgG antibody avidity commercial tests, their

results demonstrated that T. gondii IgG avidity enzyme im-

mune assay (Ani Labsystems) and VIDAS Toxo IgG Avidity

(bioM�erieux) presented strong concordance, while an ELISA

adapted for IgG avidity determination (EUROIMMUN) pre-

sented moderate or poor agreement with the other tests.

Another study compared four anti-T. gondii IgG avidity kits.

These kits are from different companies: VIDAS Toxo IgG

Avidity (bioM�erieux), EIA Toxoplasma IgG (TEST-LINE), PLA-

TELIA Toxo IgG Avidity (Bio-rad) and Enzywell Toxoplasma

IgG avidity (DIESSE). The kits demonstrated variable correla-

tions between themselves and the results obtained using the

same sera were divergent, which is worrying, since the results

influence clinical decisions [29]. Mubareka et al. [28] compared

five commercial rubella IgG avidity tests and showed that

these assays presented variable correlation with each other.

These studies indicate that there is a difference in results

of avidity assays performed with different kits, making it

harder to compare results of assays using kits of different

companies, in addition, it creates a discussion of which kit

presents the most reliable results.

This fact can be seen in Table 1, which demonstrates the

difference in result's interpretation of avidity assays

https://doi.org/10.1016/j.bj.2020.10.009
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performed with 5 different kits to HCMV, using urea or thio-

cyanate as chaotropic agents. This inter-variability among all

commercial kits creates a variability in the final results and it

implicates in many different result's conclusions for the same

sample.

There are few kits to evaluate antibody avidity, thus many

assays are developed in-house, but the utilization of this

method creates much more variables, like serum and chaot-

ropic agents concentration, and which agent will be used, due

to the lack of automatization and standardization of in-house

methods [30], as it can be seen in Table 2. These variants in the

assays may implicate in divergent results or even in a wrong

interpretation of the results. So, the application of a protocol

consensus would be ideal, making it possible to compare the

results of different research groups and providing a more

reliable interpretation of the results obtained.
The need for standardization

Although knowing that is impossible for all in-house assays to

use the same serum dilution or chaotropic agent concentra-

tion, the adoption of an universal parameter to choose the

concentration of these reagents may decrease the method

performance variation and enable a better comparison of

results.

A study performed by Dimitrov et al. [24] demonstrated

that antibody concentration influence quite a lot in the

dissociation of antibodies in the presence of the chaotropic

agent. The authors verified that when high IgG concentrations

are used, above the plateau of titration curve, moderate re-

ductions in binding couldn't be detected, inducing a misun-

derstanding of results. The results obtained suggested that

only antibody concentration in the linear part of the titration

curves allows an accurate estimative of antibody avidity [24].
Table 2 Variations in chaotropic agent, its concentration and in
assays for distinct pathogens.

Chaotropic agent and its concentration Interpretation of res

Urea 6 M <5
>6

Urea 8 M <5
>6

Urea 6 M <7
>9

Urea 5 M <4
>6

diethylamine 35 mM <4
>6

diethylamine 60 mM <3
>7

diethylamine 35 mM <5
>5

Urea 6 M <5
>5

Urea 6 M <3
>4

Urea 8 M <3
>3
Thus, the adoption of these parameters could be a good option

for the standardization of the avidity assays.

Also, Perciani et al. [31] pointed out that the main cause of

variation in antibody avidity assays is the necessity to choose

a reference point in the ELISA titration curve. Therefore, the

authors established a new method to calculate antibody

avidity that considers the data of the whole titration curve, in

which the avidity index is the average of each point of titration

curve, thus, the author propose amethod based on the ratio of

the areas derived from the curves obtained by the plot of op-

tical density (OD) and log of the sera dilution in the ELISA with

and without KSCN treatment.
Antibody avidity index as a tool to infer
protection against meningococcal disease

Neisseria meningitidis is one of the main etiological agents of

bacterial meningitis; meningococcal disease can rapidly

evolve to death and presents a high risk of developing

sequelae, so its prevention is extremely important and ap-

pears to be cost-effective for public health [32,33]. Given the

low overall incidence of meningococcal disease, the direct

evaluation of meningococcal vaccine efficacy is not feasible in

clinical trials. Instead, the efficacy of the vaccine is inferred

based on the induction of serum bactericidal antibodies

measured in vitro using the serum bactericidal activity assay

(SBA) [34]. However, the SBA is a laborious method and re-

quires the manipulation of meningococcus, thus there is an

attempt to develop new trials that correlate with protection

against disease [35]. The antibody avidity assays performed in

the studies conducted by Granoff et al. [36] and Vermont et al.

[37] presented a linear correlation between antibody avidity

and SBA. In addition, it has been demonstrated that infants,

whom vaccines based on OMVs against N. meningitidis B have

low efficacy, produce antibodies of low avidity, which do not
terpretation of results of different in-house antibody avidity

ults de according to the author Pathogen Ref.

0% low avidity Cytomegalovirus [42]

0% high avidity

0% low avidity Cytomegalovirus [43]

0% high avidity

0% low avidity Rubella virus [44]

0% high avidity

0% low avidity Rubella virus [45]

0% high avidity

5% low avidity Rubella virus [46]

0% high avidity

0% low avidity Rubella virus [47]

0% high avidity

3% low avidity Rubella virus [48]

3% high avidity

0% low avidity Toxoplasma gondii [49]

0% high avidity

0% low avidity Toxoplasma gondii [50]

0% high avidity

0% low avidity Toxoplasma gondii [51]

0% high avidity
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present bactericidal activity, whereas children older than 10

years have antibodies of greater avidity and that exhibit

bactericidal activity [38].

Several modified ELISA assays were used to evaluate the

avidity of antibodies produced after immunization against

N. meningitidis. Vermont et al. [37] performed a modified

ELISA, using serum diluted initially 1:100 and sodium thio-

cyanate (NaSCN) at 1.5 M as chaotropic agent, the avidity

index was defined as the percentage of antibodies that

remained bound at the antigen coat after the treatment with

chaotropic agent:

Avidity Indexð%Þ¼ Titer with NaSCN
Titer without NaSCN

� 100

Another study defined the serum dilution that resulted in

an O.D. close to 1, ammonium thiocyanate was chosen as the

chaotropic agent and incubated at various concentration be-

tween 0 and 1 M, the avidity index was defined as the con-

centration necessary to decrease the absorbance by 50% [39].
Conclusion

As it can be observed, the evaluation of antibody avidity is an

important tool in both research and clinical areas, but we

emphasize the need to standardize the in house methodolo-

gies and avidity assay kits to generate more reliable and

comparable results between different laboratories.
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[49] Ferra BT, Holec-Gąsior L, Gatkowska J, Dziadek B, Dzitko K,
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