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1  |  INTRODUCTION

IgA bearing B cells appear during early life, around 11th 
week after birth.1,2 Serum IgA is, therefore, not detect-
able at birth and reaches adult serum levels in puberty.3 
In adults, on the contrary, the majority of plasma cells 

are the cells, which produce IgA, which makes IgA the 
most abundant immunoglobulin. In fact, more IgA is 
produced daily (66 mg/kg/day) than all other immu-
noglobulin classes combined.4,5 The majority of the 
produced IgA gets secreted and is called secretory IgA. 
Secretory IgA is the predominant immunoglobulin in 
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Abstract
Increased interest in microbiota calls for the thorough analysis of antibody re-
activity to different microorganisms. As salivary IgA represents the first line of 
defence against microorganisms contacting mucosal surfaces, we explored the 
binding and specificity of salivary IgA by testing the binding of purified, FITC- 
labelled salivary IgA to different microorganisms in flow cytometry and conclude 
that this kind of analysis enables the differentiation of species/strains with high 
IgA binding capacity, which should be corroborated on a larger sample size. 
Further we compare, with in- house ELISA, the binding of polyclonal salivary IgA 
with the binding of polyclonal serum IgA from the same individuals to whole 
microbial cells and to purified microbial components. High correlations were ob-
tained in total salivary IgA binding to Lactobacillus rhamnosus and Escherichia 
coli, very distant bacterial species, as well as to isolated bacterial components 
(r  =  .70– .97). The binding of total salivary IgA resembled the binding of both 
salivary IgA1 and IgA2, with IgA2 predominating. For serum polyclonal IgA 
repertoire, substantially higher specificity was obtained. Serum IgA binding to 
E. coli correlated best with serum IgA binding to lipopolysaccharide (r = .86), and 
serum IgA against L. rhamnosus correlated best with the anti- peptidoglycan IgA 
levels (r = .88). We have also detected that total serum IgA response is governed 
by either IgA1 or IgA2 response, depending on the nature of the antigen/s. We 
conclude that steady state salivary IgA repertoire, unlike serum IgA repertoire, 
consists of polyreactive antibodies with innate specificity, questioning its capacity 
to select resident microbiota.
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milk, colostrum, tears, saliva and secretions of the respi-
ratory, gastrointestinal and genitourinary tract, where it 
is present in the form of dimers and larger polymers, 
such as tetramers.6

In saliva both human IgA subclasses (IgA1 and IgA2) 
are present in almost equal amounts, while in the serum 
IgA1 makes 70% of IgA.7 A major difference between IgA1 
and IgA2 is in the length of the hinge region, as IgA1 has 
an additional 16 amino acid insertion in the hinge region, 
to which O- linked oligosaccharides are bound.8– 10

The binding of IgA to bacteria is well documented and 
can occur both through a specific antibody antigen inter-
action (Fab mediated), or “unspecific” interaction of bac-
terial IgA binding proteins with either proteinaceous or 
saccharide component of the IgA. Beside protein A (from 
Staphylococcus aureus), which, according to the literature, 
variably binds Fab region of IgA, there are many other 
bacterial proteins that bind this immunoglobulin isotype. 
For example, S.  aureus produces SSL7 (Staphylococcus 
superantigen- like protein 7), which binds to the Fc region 
of IgA and consequently inhibits IgA binding to the FcαRI 
receptor.11

Bacterial proteins, which inhibit the binding of IgA to 
FcαRI are also present in the Streptococcus genus, exam-
ples being Arp in many strains of Streptococcus pyogenes,12 
Sir13 on numerous strains of group A and Bac protein on 
group B.14 On the other hand, the choline- binding pro-
tein A (CbpA) binds to pIgR on epithelial cells, inhibit-
ing secretory IgA- pIgR binding.15 When the genome of 
the bacteria in question is known, some conclusion about 
the presence of IgA binding proteins can be inferred by 
identifying homologous proteins to known IgA binding 
proteins. Nevertheless, it is necessary to test such a hy-
pothesis. Here we describe the binding of purified salivary 
IgA to bacteria with flow cytometry.

Also, the breakthrough in microbiota analysis calls for 
the thorough analysis of antibody binding repertoire to 
different microorganisms a steady state, that is, in the ab-
sence of acute or chronic infections. This is important as 
microbiota is found to influence many important physio-
logical processes, and the well- being of the host, as altered 
microbiota is found in some diseases.16,17

Additionally, literature data proposed that secreted 
antibodies maintain resident microbiota and that the lo-
cation of the antibodies plays a key role in determining 
host- microorganism relationship. It was proposed that 
pre- existing secretory IgA, associated with microbes con-
tributes to mucosal defence by eliciting protective im-
mune responses and preventing overreaction.18

Here we explore the binding of salivary IgA from 
healthy individuals to microorganisms with flow cytom-
etry, and the specificity of salivary IgA to whole microbial 
cell and purified bacterial components with ELISA and 

compare it with the specificity of autologous serum IgA, 
in the absence of acute and chronic infection.

2  |  MATERIALS AND METHODS

2.1 | Study subjects

In this work saliva and serum were collected from 15 
healthy individuals aged 20– 36 year. The exclusion criteria 
were documented hypersensitivity, the use of antibiotics 
1 month before the beginning of the study, the presence of 
chronic diseases (diabetes mellitus, rheumatoid arthritis, 
neurological, renal, pulmonary, etc.).

Blood samples (10 mL per serum tube) were taken out 
of the antecubital vein and then allowed to clot for 30 min 
at room temperature. Serum was separated by centrifuga-
tion (400 g, 15 min, 4°C) and stored frozen at −20°C until 
analysis.

Non stimulated whole saliva was collected in conical 
50 ml tubes, collection was done for up to 15 min, and a 
few millilitre was collected from each donor. Saliva was 
aliquoted in 1.5  mL tubes, and centrifuged at 14 000  g 
for 10  min. The supernatant (1  mL) was collected and 
stored frozen at −20°C until analysis. All the experiments 
were done in accordance with the Code of Ethics of the 
World Medical Association (Declaration of Helsinki) 
and approved by the Ethics Committee of the Institute 
of Virology, Vaccines and Sera, Torlak, Serbia (3436/1). 
Written consent from the subjects was obtained before the 
sample collection.

2.2 | Salivary IgA purification  
and labelling

Salivary IgA was isolated applying methods of Korsrud 
& Brandtzaeg,19 Mestecky et al20 and Mestecky,21 with 
some modification. For salivary IgA isolation larger vol-
ume of saliva (30 mL) was collected over the course of 
several hours, from two individuals, a male (S1) and a 
female (S2) aged 28 and 35, respectively. The saliva su-
pernatant (20 mL) obtained after centrifugation (14 000 g 
for 10 min) was collected and precipitated by making a 
saturated ammonium sulphate solution in saliva, the pH 
of the solution was adjusted with the addition of 100 μL 
3  M Tris– HCL pH  8. The solution was left at 4°C for 
2 h, and centrifuged at 3500 g for 10 min. The pellet was 
dissolved in 2 mL distilled water, and after centrifuga-
tion (7000 g for 5 min) 0.5 mL of redissolved pellet was 
overlaid onto 4.7  ml of Sephadex G- 25 (Pharmacia) 
0.5 × 6  cm column, previously equilibrated with 0.1  M 
sodium bicarbonate buffer pH  9.5. The column was 
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centrifuged at 200 g for 1 min. Protein concentration in 
the desalted sample was determined by the modified 
Lowry method.22 To 1 mL of sample prepared in this way 
50 μg fluorescein isothiocyanate (FITC) (Sigma Aldrich) 
dissolved in dimethyl sulfoxide (DMSO) was added and 
incubated in the dark, with rotation at room tempera-
ture for 2  h. After the labelling, to remove excess of 
FITC, and additionally purify the sample, it was passed 
through Sephadex G- 200 (Pharmacia) 0.65 × 24 cm col-
umn, equilibrated with phosphate buffered saline (PBS). 
In further studies, 12th and 13th mL of the eluate were 
used. The column was for single use only.

In the collected samples, molar FITC to protein (F/P) 
ratio was determined as previously described,23 with some 
modification, namely after measuring the absorbance of 
the samples at 280 and 492 nm, calculations were as fol-
lows: mg/mL protein  =  [A280— (A492 × 0.35)] /1.3; where 
1.3 is molar coefficient for IgA (instead of 1.4 for IgG) 
and moles protein  =  mg/mL protein / 3.85 × 105, where 
3.85 × 105 is molecular weight of an IgA dimer, instead of 
1.5 for IgG. Moles FITC = A492/(0.69 × 105) were calculated 
as described. The purity of the isolates was assessed with 
SDS- PAGE and western blotting, while the FITC- labelled 
proteins were visualized under UV light.

Antibodies for western blotting were: anti- human 
IgA1/IgA2, clone G20- 359 (Biolegend), anti- human 
IgM (μ- chain specific) biotinylated antibody produced 
in goat (B1265, Sigma), anti- human J chain (PU047- UP 
Biogenex), biotinylated anti- human Ig light chain λ anti-
body (MHL- 38, Biolegend), anti- human IgG (Fc specific) 
biotinylated antibody, mouse monoclonal, clone HP- 6017 
(Sigma).

2.3 | Microorganisms used and 
growth conditions

The following microorganisms were used in this study: 
Lactobacillus plantarum WCFS1; L.  reuteri DSM 17938; 
L.  rhamnosus LA68; L.  rhamnosus LB64; L.  rhamno-
sus LGG; L. helveticus LAFTI L10; L. acidophilus ViVag; 
L.  casei DG, Enterococcus faecalis clinical isolate— CI; 
Staphylococcus aureus CI; Candida albicans ATCC 10259; 
Streptococcus pneumoniae ATCC 6301; S. pyogenes ATCC 
19615; S.  agalactiae ATCC® 13813; Streptococcus sp. CI 
β- haemolytic group A; Streptococcus sp. CI β- haemolytic 
group B; Escherichia coli CI; E. coli ATCC 25922; Proteus 
mirabilis CI; P.  hauseri ATCC 13315; Salmonella ty-
phimurium 2865; Klebsiella pneumoniae ATCC 13883; 
Pseudomonas aeruginosa ATCC 27853; Shigella flexneri 
ATCC 12022.

Lactobacillus species were propagated in MRS (deMan, 
Rogosa and Sharpe) medium (Institute of Virology, 

Vaccines and Sera, “Torlak”, Belgrade, Serbia) at 37°C 
without agitation, Streptococcus species were grown 
in HEMO- AE (Torlak, Serbia) at 37°C, C.  albicans was 
grown in Sabouraud dextrose broth at 25°C and other bac-
terial species were grown in Nutrient broth NB (“Torlak”, 
Serbia) at 37°C with agitation. For flow cytometric anal-
ysis overnight culture was centrifuged (3000  g, 20 min, 
4°C), the pellet was reconstituted in a 20 × smaller volume 
of PBS and washed once. In order to maintain constant 
bacterial numbers, the bacterial preparation was always 
diluted in such a way to get the optical density (OD) of 
0.5 at 610 nm for flow cytometry and 0.2 for plate coat-
ing, when measured in a total of 100 μL in 96 well plate in 
ELISA plate reader.

2.4 | Flow cytometry

Overnight cultures of bacteria were centrifuged, washed 
once in PBS with 0.1% NaN3 and diluted in 2%BSA/
PBS/0.1% NaN3 to get an OD = 0.5; 100 μL of bacterial sus-
pension was placed into FACS tubes, and FITC- labelled 
salivary IgA was added and incubated for 15 min at 4°C.24 
Subsequently 2 mL of PBS were added, and the unbound 
antibodies were washed twice by 10  min centrifugation 
at 2000 g. The bacterial pellet was in placed in 500 μL 
PBS/0.4% formaldehyde and vortexed; the binding was as-
sessed with FACSVerse (BD Biosciences). Signal for un-
stained bacteria was subtracted.

2.5 | Whole microbial cell ELISA

Enzyme linked immunosorbent assays targeting four 
designated antigens— E.  coli cells— urinary infection 
clinical isolate, L.  rhamnosus LA68 cells, E.  coli O55:B5 
lipopolysaccharide (LPS) (L4524, Sigma) and S.  aureus 
peptidoglycan (PGN) (77 140, Sigma) were performed. 
The tested population comprised 15 healthy adults with 
serum and saliva samples collected at the same time. The 
procedure was done, with minor modifications, as previ-
ously described.25 Namely, the washing step was modi-
fied and included washing 3 times with PBS with 0.05% 
Tween 20 (TPBS) and once with PBS. For the analysis of 
both bacteria- specific IgA and IgA subclasses, sera were 
diluted 1:100 and saliva 1:50 in 1%BSA/PBS. The follow-
ing monoclonal antibodies were used: anti- human IgA1/
IgA2, clone G20- 359 (Biolegend), anti- human IgA2 clone 
A9604D2 (Biolegend) both produced in mice and cou-
pled to biotin and anti- human IgA1 alkaline phosphatase, 
clone B3506B4 (Abcam). Biotinylated antibodies were 
further detected with ExtrAvidin Alkaline Phosphatase 
(E2636, Sigma).
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2.6 | Statistical analysis

Comparison of the binding of salivary IgA in flow cytom-
etry to bacteria grouped as Lactobacillus, Streptococcus 
and Proteobacteria was performed with Dunn's Multiple 
Comparison test; P < .05 was a limit of significance. 
Pearson product– moment correlation coefficients (r) 
were calculated using GraphPad Prism for the levels of 
total IgA, IgA1 and IgA2 specific for individual bacteria 
or bacterial components, by correlating values obtained 
for tested individuals across different bacteria. OriginLab 
and Mathematica software were used for drawing images. 
To analyse which subclass was dominant in the total IgA 
response the reactivity of total IgA, IgA1 and IgA2 of in-
dividual samples written as string to a tested bacteria and 
bacterial components were mutually correlated and high-
est correlation coefficient meant that the specific IgA sub-
class predominates in the total IgA response.

3  |  RESULTS

3.1 | Purification of salivary IgA and 
FITC labelling

Secretory IgA found in the saliva are in the form of IgA 
dimers that are linked by two additional polypeptides, the 
joining chain (J chain), which has a molecular mass of 

15 kDa, and the secretory component with the molecular 
mass of about 70 kDa. Our results of SDS- PAGE in reduc-
ing conditions identified three protein bands (Figure 1), 
one of about 25 kDa (according to the molecular weight 
corresponds to IgA light chain), another above 58  kDa 
(corresponds to IgA heavy α chain) and one just above 
90 kDa (Figure 1A). The confirmation of the identity of 
the isolate was performed by Western blotting (Figure 1B) 
in non- reducing conditions. The isolate was reactive with 
anti- human IgA, anti- human λ chain and anti- human 
J chain but not with anti- human IgM and anti- human 
IgG antibodies. The labelling of salivary IgA with FITC 
was detected in SDS- PAGE as viewed under UV light 
(Figure 1C). In order to determine the quality of the sali-
vary IgA- FITC samples, the ratio of FITC to protein (F/P) 
value was determined. For the two tested preparations (S1 
and S2) the F/P ratio was 4 and 2, respectively.

3.2 | Detection of salivary IgA binding to 
microorganisms by flow cytometry

The binding of fluorescently labelled salivary IgA iso-
lated from two donors to the tested microorganisms 
was monitored by flow cytometry. The cell count/fluo-
rescence intensity histograms for selected microorgan-
isms are shown in Figure 2. The results obtained for the 
two donors were similar, the results of one donor are 

F I G U R E  1  Purified salivary IgA (salivary IgA) (A) 8% SDS- PAGE in reducing conditions: lane 1— fraction eluted from Sephadex G- 200; 
lane 2— molecular weight marker SDS7B (Sigma). (B) Western blotting of purified salivary IgA after non- reducing SDS- PAGE on 8– 2.5% 
gradient gel; lane 1— negative control; lane 2— anti- human IgA; lane 3— anti- human IgM; lane 4— anti- human λ chain; lane 5— anti- human 
IgG; lane 6— anti- human J chain; lane 7— molecular weight marker SDS7B. (C) UV light visualized FITC- labelled salivary IgA after non- 
reducing SDS- PAGE on 8– 2.5% gradient gel: lane 1— molecular weight marker SM1811 (Fermentas), lane 2— purified FITC- labelled salivary 
IgA under reducing conditions. M, molecular weight of protein markers in kDa.
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shown. The data showed that certain tested strains, such 
as E. faecalis, showed modest staining with salivary IgA 
(Figure 2A). A more intense fluorescence signal was ob-
tained with S. aureus (Figure 2B) while C. albicans also 
showed binding of salivary IgA, but to a lower extent 
then S. aureus (Figure 2C). The plateau was reached at 
the same salivary IgA quantity for S. aureus and C. albi-
cans, while for E.  faecalis it was reached at higher IgA 
quantity (Figure 2D).

To make a semiquantitative comparison of the level 
of FITC- labelled salivary IgA two donors were assessed. 
The binding to tested microorganisms, was evaluated by 
comparison of the median fluorescence intensity (MFI) 
values (Figure 3) obtained for FITC, without any gating; 
numeric data shown in Appendix  S1. Streptococcus au-
reus gave two to three times higher MFI values than the 
rest of the microorganisms. High binding was also seen 
for L. plantarum WCFS1, L. casei DG, E. coli clinical iso-
late, K. pneumniae ATCC 13883, P. houseri ATCC 13315 
and S.  pneumoniae ATCC® 6301 (Figure  3A). When we 
grouped the tested bacteria according to relatedness 
into streptococci, lactobacilli and Proteobacteria we did 
not obtain significant difference in salivary IgA binding 
(Figure 3B). A high correlation of tested bacteria MFI sig-
nals between two donors was obtained (r  =  .91). When 
data for S. aureus, which possesses the SSL7 toxin, leading 
to signals of high intensity, were excluded from the calcu-
lation, lower (r = .77) but still significant correlation was 
obtained (Figure 3C).

To further explore individual differences and com-
pare the specificity of the human salivary and serum 
IgA ELISA was performed (data given in Figure 4, and 
Appendix S1).

As can be seen in Figure 5, high correlations in reactiv-
ity of polyclonal salivary IgA to very distant bacterial spe-
cies such as L. rhamnosus and E. coli, as well as to isolated 
components of gram- positive and gram- negative microor-
ganisms (r = .70– .97), implying their high cross- reactivity 
and/or low specificity.For serum IgA, the reactivity of 
polyclonal repertoire was profoundly different. Namely, 
when comparing serum reactivity to saliva reactivity to-
wards the same antigen/antigens there was essentially no 
correlation. Polyclonal serum IgA repertoire differentiates 
G+ from G− microorganisms, such that serum IgA to-
wards E. coli correlated best with serum IgA towards LPS 
(0.86) and serum IgA against L. rhamnosus correlated best 
with the anti- PGN IgA2 response (0.88).

This correlation analysis showed that polyclonal serum 
IgA response against E.  coli cells consisted primarily of 
IgA1 response, whereas serum response to L. rhamnosus 
cells consisted primarily of IgA2 response. For isolated 
components, serum IgA against LPS was guided by IgA2 
response and towards PGN by IgA1.

4  |  DISCUSSION

Salivary IgA sample from any source consists of numer-
ous antibody specificities, so it cannot be expected to show 
high abundance of antibodies to any specific microorgan-
ism, at least in the absence of pathology. So, flow cytomet-
ric analysis of the binding through the Fab region is not 
likely to induce a high fluorescence signal in comparison 
to bacteria possessing IgA binding proteins. The binding 
of FITC- labelled salivary IgA to microorganisms led to the 
increase in fluorescence emission, which was highly de-
pendent on the species of microorganism and to a lesser 
extent on the individual source of salivary IgA, though 
this observation should be examined on a larger sample 
size.

Both Fab and Fc fragments of IgA can interact with 
microbial structures, but we have found that some of the 
tested bacteria bound salivary IgA exceptionally well. 
These are the bacteria, which possess Fc IgA binding pro-
teins, such as S.  aureus, which possesses staphylococcal 
superantigen- like (SSL) 7 toxin, capable of binding to the 
Fc regions Cα2 and Cα3 on the heavy chain of IgA mole-
cule. The binding of SSL7 toxin competitively inhibits the 
binding of IgA to FcαRI (CD89) resulting in the evasion 
of immune mechanisms, which follow upon IgA- FcαRI 
interaction.26,27 Also, it was found that the secretory com-
ponent of IgA mediates binding to Gram- positive bacteria 
irrespective of antibody specificity.28

Commensal members of the γ- Proteobacteria or lacto-
bacilli, with the ability to colonize the healthy epithelial 
surface, exhibit a high degree of secretory IgA coating.29 
We also observed γ- Proteobacteria as best salivary IgA 
binders among the tested microorganisms, but the differ-
ence was not statistically significant.

Therefore, we conclude that the flow cytometric 
analysis presented here is primarily useful in screening 
large numbers of microorganisms for initial detection of 
the presence of IgA binding proteins, or eventually in 
exploring pathological IgA response, as the procedure is 
laborious and the signals obtained though Fab specific 
binding are generally not of high intensity. In addition, 
we have previously detected that ELISA format is more 
suitable for measuring specific binding levels to bacteria 
due to higher precision.30 The obtained flow cytometry 
results have to be corroborated further by isolating the 
bacterial protein responsible for producing the high sig-
nal, which was in the case presented here available from 
literature data.

There are many literature examples implying that se-
cretory IgA has an important role in the maintenance 
of gut microbiota and that the presence of different spe-
cies of microorganisms has an active role in the preser-
vation of the gastrointestinal homeostasis. For instance, 
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secretory IgA binding to luminal bacteria such as Shigella 
flexneri enhances their sampling into Peyer's patches.18,31 
The offspring of pIgR- deficient mothers shows durable 
microbiota alterations and increased dissemination of 
aerobic bacteria into gut- draining lymph nodes and sys-
temic sites.32 Impaired class- switch recombination re-
sulting from deficiency in activation- induced cytidine 
deaminase results in misbalanced microbiota33 and B cell- 
deficient mice show reduced gut microbiota diversity.34 
In mice, coating with IgA facilitates the uptake of non- 
invasive Salmonella and stronger B and T cell responses, 
which is dependent on genetic constitution. The induc-
tion of a Salmonella- specific IgA response by immuniza-
tion in C57BL/6 mice enhances the uptake of Salmonella 
into PPs.35 Polymeric Immunoglobulin Receptor (pIgR) 
deficient mice, show significantly different microbiota 
composition.36

The listed examples show that salivary IgA impacts mi-
crobiota composition, as alteration of gut microbiota and 

the development of dysbiosis have occurred in various 
models affecting the IgA system.

Therefore, the kind of analysis presented here could en-
able the differentiation between the species with high IgA 
binding capacity and ability to induce an inflammatory 
response and other commensals, which do not have these 
properties. In other words, it could help in the character-
ization of microorganisms suspected of being involved in 
different pathological conditions, such as inflammatory 
bowel disease, but also for identification of inflammation- 
inducing commensals.37

Given the complexity of the microbiota and the anti-
body repertoire, this is a challenging task.29 Here we con-
tribute by examining the selectivity of polyclonal salivary 
IgA repertoire and comparing it to the selectivity of poly-
clonal serum IgA repertoire.

To do so we have employed whole microbial cell ELISA 
and selected antigen ELISA to see if the above- mentioned 
property of secretory IgA to select microbiota is plausible.

F I G U R E  2  Flow cytometry staining of different microorganisms with FITC- labelled salivary IgA (salivary IgA- FITC) from one 
donor. (A) histogram showing the staining of Enterococcus faecalis CI (black— unstained cells, blue— salivary IgA- FITC- labelled cells); 
(B) histogram showing the staining of Staphylococcus aureus CI (black— unstained cells, red— salivary IgA- FITC- labelled cells) and 
(C) histogram showing the staining of Candida albicans ATCC 10259 (black— unstained cells, orange— salivary IgA- FITC- labelled 
microorganisms). (D) FITC- labelled IgA binding to microorganisms at different concentrations— MFI plot; salivary IgA- FITC concentration 
was 0.3 μg/μL Enterococcus faecalis CI blue line; Staphylococcus aureus CI red line and Candida albicans ATCC 10259 orange line.
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Previously we have used similar approach to, among 
other things, detect the main anti- bacterial IgG sub-
class and found that in humans IgG2 was the main anti- 
bacterial antibody subclass,25 which is in accordance with 
the literature data. Through correlation we also found 
human IgM to be the least specific serum antibody class, 
which is also in accordance with the literature data.38 
Essentially, the same procedure was presented here, with 
the difference being saliva as matrix in which antibodies 
were suspended, and different concentrations and forms 
of immunoglobulin molecules (monomers vs. dimers).

From the results presented we conclude that salivary 
IgA lacks the selectivity needed to select resident micro-
biota. One possibility that exists, which might explain the 
selection of residual microbiota by secretory IgA, would 
be that such highly specific IgA might a priori be bound to 
resident oral microbiota, and eliminated by the centrifuga-
tion step of the saliva that was performed. But we think this 
is not very likely, mostly because of the high production 
rate of saliva. The other possibility would be that salivary 
IgA is drastically different to intestinal IgA, which remains 
a possibility to be tested, but according to Bunker,39 ho-
meostatic intestinal IgAs are also natural polyreactive an-
tibodies with innate specificity to microbiota.

The phenomenon of different specificity of serum 
IgA1 and IgA2 towards different antigenic structures is 
very interesting, and confirms the delicacy, specificity, 
and orchestration of the immune system. As was nicely 
reviewed by Pabst,37 the relative production of IgA1 and 
IgA2 isotypes varies between different mucosal tissues. 
The IgA1 subclass predominates in the airways, whereas 
in the colon IgA2 is more abundant, while in the small 
intestine, both isoforms are produced in equal amounts. 
It was also commented that not much information on 
the extent to which different pathways of IgA induction 
contribute to the overall IgA response. In our analysis, 
serum IgA response against E. coli cells consisted primar-
ily of IgA1 response, whereas serum IgA against LPS was 
guided by IgA2 response. This finding of IgA2 being the 
predominant antibody recognizing LPS is in line with lit-
erature data.40 Serum IgA response to L. rhamnosus cells 
consisted primarily of IgA2 response, whereas to PGN it 
consisted primarily of the IgA1 response.

If we here take into consideration the fact that certain 
levels of LPS are present in the circulation,41 while no 
E.  coli cells should ever be present in the circulation, it 
seems that the existence of specific IgA1 antibodies might 
be indicative of higher level of protection, which is also in 

F I G U R E  3  The binding of FITC- labelled, purified human salivary IgA to microorganisms. Results of two donors are shown. (A) FITC- 
Median values, without gating; salivary IgA of donor 1 (S1)— light grey, salivary IgA of donor 2 (S2)— dark grey. (B) Average binding of 
salivary IgA to bacteria grouped as Lactobacillus, Streptococcus and Proteobacteria. (C) Correlation between the binding of salivary IgA to 
microorganisms from two donors. Circled red is the value obtained for salivary IgA- FITC binding to Staphylococcus aureus. Numeric values 
given are Pearson's r and probability P. Upper text: data when S. aureus (circled) is included, lower text: correlation without S. aureus.
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line with the fact that more IgA1 is present in the airways 
in comparison to the large intestine.

In the organization of the human immunoglobulin 
heavy chain locus the Cα1 exon is located between Cγ1 
and Cγ2, while the Cα2 is at the 3′ end,42 implying that 
these two IgA subclasses might have different or even op-
posite functions, for example, in such a way that the IgA1 
could be involved in active defence and the IgA2 reflecting 
persistent or repeated encounters.

Of note is that in this work a small population of 
healthy individuals from the same geographical location 

was tested, and the analysis presented here does not ex-
clude the possibility that the specificity of salivary IgA 
polyclonal repertoire is altered in some pathological con-
ditions, as also the content of saliva can be altered.43

5  |  CONCLUSION

In the absence of pathology, unlike the serum polyclonal 
IgA repertoire, which shows reasonable selectivity, sali-
vary polyclonal IgA repertoire, similar to IgM, constitutes 

F I G U R E  4  The binding of salivary and serum IgA, IgA1 and IgA2 from 15 individuals in ELISA to 4 different antigens. (A) Escherichia 
coli CI— salivary samples, (B) E. coli— serum samples; (C) Lactobacillus rhamnosus LA68— salivary samples, (D) L. rhamnosus LA68— 
serum samples, (E) LPS from E. coli O55:B5— salivary samples, (F) LPS from E. coli O55:B5— serum samples, (G) S. aureus PGN-  salivary 
samples, (H) S. aureus PGN— serum samples, (I) Scatter dot plot with median values, salivary samples are labelled sIgA. CI, clinical isolate; 
LPS, lipopolysaccharide, PGN, peptidoglycan.
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the first line of defence against the invasion of microor-
ganisms, and hence it is broadly reactive with very little 
selectivity, which is necessary in order to give the best pos-
sible protection to the host.
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