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ABSTRACT 
Introduction: Oral local immune factors may play a protective role against oral diseases and defend 
against microbial agents. Salivary immunoglobulin A (IgA) is a major factor for the local host de-
fence against caries and periodontal disease. The aims of this study were to determine the concen-
trations of salivary IgA and IgE levels in breast-fed and formula-fed children in infancy period. 

Methods and Materials: Totally, 80 healthy 5 years old children were included in the study. Ac-
cording to type of feeding in infancy period, the children divided into two groups: 50 breast-fed and 
30 formula-fed. One milliliter of saliva was collected from each participant, centrifuged, and stored 
at -70 ˚C. The salivary IgA and IgE concentrations were measured, using ELISA technique. 

Results: In breast-fed children, the salivary IgA level (39.6 mg/l ± 17.3) was significantly higher 
than that in formula-fed children (26.9 mg/l ± 14) (P=0.0001). However, the salivary IgE level was 
significantly  lower in breast-fed children, comparing with formula-fed ones (5.01 IU/ml ± 19.70 vs. 
11.74 IU/ml ± 39.40) (P=0.047). 

Discussion: These results suggest that breast feeding enhances salivary IgA level in the early period 
of life which may contribute in oral cavity immunity. Higher salivary IgE level observed in for-
mula-fed subjects may have a potential role in development of allergic or inflammatory reactions. 
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Introduction 
The infant immune system matures rapidly 
during the first 2 years of life, and there is a 
strong association between type of feeding 
and development of immune system 1. In-
fants who are breast-fed have been shown to 
have a lower incidence of certain infectious 
diseases when compared with formula-fed 

infants 2,3. Several studies have reported that 
 

human milk enhances development of the 
immune system in breast-fed, compared 
with formula-fed infants 4,5. Reports of en-
hanced humoral response include increased 
serum antibody titers to Haemophilus influ-
enzae type b polysaccharide (Hib), oral polio 
virus (OPV), and diphtheria toxoid (DIP) in 
breast-fed infants 6.
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Secretory immunoglobulin A (SIgA) is 
the dominant immunoglobulin in external 
secretions that cover mucosal (respiratory 
and intestinal) surfaces and is often charac-
terized as the first-line of defense against 
pathogenic microorganisms 7. Salivary im-
munoglobulins protect the oral mucosa and 
teeth surface from invasion of bacteria, vi-
ruses, and other antigens and their coloniza-
tion. Several studies have reported that car-
ies was particularly correlated with IgA 
level, among the many salivary components 
8,9. In addition, many studies have also dem-
onstrated that the lower incidence of lower 
caries resulted from a high salivary IgA con-
centration 10,11. A lower concentration of IgA 
in saliva has been presented as a risk factor 
for upper respiratory tract infections in chil-
dren and the elderly 12,13. Furthermore, lower 
levels of salivary IgA are associated with 
increased risk for periodontal disease and 
caries 14,15. Children who were not breast-fed 
at all or only for 3 months exhibited signifi-
cantly higher caries prevalence than those 
breast-fed for a longer time 16. In another 
study in children, aged 3-5, it has been con-
cluded that breastfeeding during infancy 
may act preventively and inhibit the devel-
opment of nursing caries in children 17.

Moreover, the results of some studies 
show that breastfeeding may protect against 
autoimmune diseases and tumors 18,19. In 
addition, exclusive breast-feeding for the 
first few months has been suggested to be 
protective against the development of aller-
gic and atopic diseases 20,21. IgE has an im-
portant role in immunopathogenesis of some 
allergic and inflammatory reactions 22. This 
study was conducted to compare the salivary 
IgA and IgE concentrations in 5 years 
healthy children who had been breast-fed or 
bottle-fed in infancy period to clarify the 
life-long effects of infancy feeding on the 
mucosal immunity.  

Methods and Materials 
We conducted this study from October 2005 
to March 2006 in the Department of Immu-
nology, Rafsanjan University of Medical 

Sciences and Health Services, Rafsanjan, 
Iran.  

Totally, 80 healthy children (aged 5 years 
old) were enrolled in the study. Children 
with medical history of present or previous 
recurrent infections, other acute diseases, 
history of asthma, allergy, atopic diseases, 
any suspected immunological disorder, and 
chronic illnesses or syndromes were all ex-
cluded from the study. The Informed con-
sent was obtained from the parents before 
enrolment in the study. Data about medical 
history of children and type of feeding in 
infancy were obtained from their parents and 
public health centers. Complete information 
about children such as their medical history 
and type of feeding in infancy were exist in 
public health centers files. The children di-
vided into two groups according to the type 
of their feeding during the infancy period. 
50 subjects were breast-fed that had been fed 
with their mothers' breast milk for at least 
first 18 months of age. 30 children were ex-
clusively formula- fed during infancy.  

Collection of the saliva 
All saliva samples were collected at morning 
between 10 and 11 (a.m.). Before collecting 
the saliva, the subjects had been asked not to 
eat or drink for at least 1 h. Unstimulated 
whole saliva samples were collected at one 
occasion from the mouth, during a period of 
5 min. The saliva was collected directly into 
tubes and placed on ice and all samples were 
centrifuged for 15 min at 10000 g to remove 
cells and debris. The supernatants were kept 
at – 70 ˚C. Samples then were thawed and 
analysed by enzyme-linked immunosorbent 
assay (ELISA). 
 The measurements of IgA in saliva were 
performed by sandwich enzyme-linked im-
munosorbent assay (ELISA). In these assay, 
polystyrene microtitre plates (F96, NUNC, 
Roskilde, Denmark) were coated overnight 
at 4 °C with 0.2 µg/well of purified rabbit 
anti-IgA antibodies (Beta, Iran) in 0.05 m 
NaHCO3, PH 9.5. Blocking performed using 
phosphate buffer containing 0.5% bovine 
serum albumin (BSA) at RT for 90 min. 
100 µl of saliva samples (in duplicate) and 
standard samples (in duplicate) were pipet-
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ted into the microtitre wells. The plates were 
incubated for 90 min at 37 °C. The wells 
were washed 5 times with washing solution. 
Then, 100 µl of goat anti-human IgA conju-
gated with horse radish peroxidase (HRP) 
was pipetted into each well, and the plates 
were incubated for 30 min at 37 °C. The 
wells were washed 5 times with washing 
solution and tapped dry. A fresh substrate 
solution, tetramethylbenzidine (100 µl), was 
added, and the plates were incubated for 15 
min at room temperature. The enzyme reac-
tion was stopped with 100 µl of 1 N HCl. 
Results were quantified using a standard 
cure whose values are expressed as mg/l. 
CV% for these ELISA was 3.8%. 
 Salivary IgE level was quantified in du-
plicate by ELISA, using commercial kits 
(Radim, Italy). Salivary IgE concentration 
expressed as IU/ml. 

Statistical analyses 
Data were expressed as mean ± SD. Differ-
ences of means of two groups were analyzed 
using t-test and Mann-Whitney U-test. For 
comparison of the mean salivary IgA levels, 
t-test (due to homogeneity of variance) was 
used. For comparison of the mean salivary 
IgE levels Mann-Whitney U-test (due to 
skewed variance) was used. The P-values of 
less than 0.05 were considered significant.  
 Differences in variables were analyzed 
using Mann-Whitney U and Kruskal-Wallis 
tests as appropriate, and P-values of less 
than 0.05 were considered significant. 

Results 
Table 1 and Figure 1 show the mean salivary 
IgA levels in breast- and formula-fed sub-
jects. In breast- and formula-fed children, 
the mean salivary IgA levels were 39.6 mg/l 
± 17.30 and 26.9 mg/l ± 14, respectively. 
Statistical analysis showed that in the breast-
fed children the salivary IgA level was sig-
nificantly higher than that in formula-fed 
children (P=0.0001). 
 Table 1 and Figure 2 show the mean sali-
vary IgE levels in breast- and formula-fed 
subjects. The mean levels of salivary IgE in 
breast- and formula-fed children were 5.01 
IU/ml ± 19.70 and 11.74 IU/ml ± 39.40, re-
spectively. Statistically, the mean salivary 
IgE levels were significantly lower in breast-
fed, compared with formula-fed group 
(P=0.047). 

Discussion 
Secretory IgA antibodies can neutralize vi-
ruses, bind toxins, agglutinate bacteria, pre-
vent bacteria from binding to cells, and bind 
various allergens 7. The breast-fed infants in 
the present study showed significantly 

higher salivary IgA concentration, compared 
to the formula-fed group. These results are 
consistent with previous observations of 
higher IgA levels in different body fluids of 
breast-fed infants. It has been demonstrated 
that at early months of life, breast feeding is 
associated with higher level of IgA in uri-
nary tract which may be cause of reduced 
incidence of urinary tract infection in breast-
fed 
 

Table 1. Comparison of salivary IgA and IgE levels in breast- and formula-fed groups.  

 
* Results are expressed as mean ± SD.  
† & ‡ Represent the differences of salivary IgA and IgE levels, respectively.  
 

Group 
Number of 

subjects 

Salivary IgA level 

(mg/l)* 

Salivary IgE level 

(IU/ml)* 
P-value 

Breast-fed 50 39.6 ± 17.3 5.01 ± 19.70 

Formula-fed 30 26.9 ± 14 11.74 ± 39.40 

† 0.0001 

‡ 0.047 
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Figure 1. Comparison of salivary IgA levels in breast-fed and formula-fed children. 

Figure 2. Comparison of salivary IgE levels in breast-fed and formula-fed children. 
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infants, compared to formula-fed infants 23.
Fitzsimmons et al 24 have reported that the 
salivary IgA concentration increased more 
rapidly in breast-fed than in formula-fed in-
fants during the first 6 months after birth. 
They concluded that although secretory im-
munity is immature in infants, breast feeding 
may aid in protection against pathogenic 
microorganisms by increasing the rate of 
mucosal IgA maturation. Avanzini et al 25 
have demonstrated that the salivary IgA was 
significantly lower in breast-fed, compared 
with formula-fed infants at age of one month 
but salivary IgA increased with age in 
breast-fed infants and was significantly 
higher at six months. Köhler et al 26 recently 
demonstrated that the fecal IgA concentra-
tion was significantly higher in breast-fed, 
than formula-fed infants during the first 3 
months. Enhanced fecal IgA in breast-fed 
infants is not caused solely by the presence 
of IgA in breast milk; it represents a stimula-
tory effect of breast milk on the gastrointes-
tinal humoral immunologic development.  
 The breastfed infants in the present study 
showed significantly lower salivary IgE 
concentration, compared to the formula-fed 
group. IgE has a central role in the develop-
ment of allergic responses 22. It has been 
reported that breastfeeding protect from the 
development of atopic diseases such as 
asthma, allergic rhinitis, and atopic dermati-
tis (eczema) 20,21. Moreover, breast feeding 
is strongly recommended to mothers of in-
fants with family history of atopy, as a pos-
sible means of preventing atopic diseases 
and it has been reported that formula feeding 
before 3 months of age predisposes the in-
fants to asthma at age 4 years of old 27.  
 The immunological basis of these differ-
ences between breast- and formula-fed sub-
jects could be explained according to the 
responses of T-helper (Th) cells. These cells 
can be functionally distinguished based on 
the profile of cytokine production. Th-1 cells 
 

are characterized by secretion of cytokines 
such as IFN-γ and IL-2. Th-2 cells produce 
cytokines such as IL-4, IL-5, IL-6, IL-10, 
and IL-13. IL-4 and IL-13 are essential cy-
tokines for IgE production by B cells 28. 
Moreover, regulatory T cells, also known as 
Treg cells, are defined by their ability to 
produce high levels of IL-10 and transform 
growth factor-β (TGF-β) 29. In vitro studies 
showed that TGF-ß induces B cell switching 
to IgA and enhances secretion of this isotype 
30. A lack of IgA-committed B cells was 
seen in TGF-ß-/- mice. It has been showed 
that IgA levels in both serum and mucosal 
secretions were significantly reduced in 
TGF-ß-/- mice. 31. Regarding to the results 
of this study, lower salivary IgA level in bot-
tle-fed group may be attributed to dimin-
ished production of TGF-ß by Treg cells. 
This observation is consistent with increase 
in serum IgE level in bottle-fed group. Th-2 
cells secretion, especially IL-4 is responsible 
for IgE production 28. In human and murine 
models, it has been demonstrate that TGF-ß 
inhibits Th-2 cells development 31,32. The 
elevated IL-4 production and the high IgE 
level detected in TGF-ß-/- mice also indicate 
a preferred Th-2 responses 31. Recently, it 
has been demonstrated that TGF- ß supple-
mentation of formula results in a decrease in 
Th-2 cytokines and down-regulation of al-
lergic reaction. Importantly, this immune 
profile persisted after weaning when TGF- ß 
was no longer present in the diet 32. Accord-
ingly, it seems that formula feeding via Treg 
cell down-regulation and diminished secre-
tion of TGF-ß would generate a Th-2 type of 
immune response which is responsible for 
lower IgA and higher IgE production.  
 In summary, breast-fed children during 
infancy display higher salivary IgA levels 
and lower IgE levels compared to formula-
fed subjects. These observations represent 
the effects of infancy feeding on the devel-
opment of mucosal immunological factors. 
 

Archive of SID

www.SID.ir



Jafarzadeh et al 16 

Dental Research Journal (Vol. 4, No. 1, Spring-Summer 2007) 

References 
1. Pickering LK, Granoff DM, Erickson JR, 

Masor ML, Cordle CT. Modulation of the 
Immune System by Human Milk and Infant 
Formula Containing Nucleotides. Pediat-
rics. 1998;101:242-249 

2. Dewey KG, Heinig MJ, Nommsen-Rivers LA. 
Differences in morbidity between breast-fed 
and formula-fed infants. J Pediatr 
1995;126:696-702 

3. Kazemi A. The comparison of Haemophilus 
influenza in the throat of healthy infants 
with different feeding methods. Asia Pac J 
Clin Nutr. 2004;13(Suppl):S112 

4. Tarcan A, Gurakan B, Tiker F, Ozbek N. 
Influence of feeding formula and breast 
milk fortifier on lymphocyte subsets in very 
low birth weight premature newborns. Biol 
Neonate. 2004;86(1):22-28 

5. Pabst HF, Spady DW, Pilarski LM, Carson 
MM, Beeler JA, Krezolek MP. Differential 
modulation of the immune response by 
breast- or formula-feeding of infants. Acta 
Paediatr. 1997;86(12):1291-7 

6. Schhaller JP, Kuchan MJ, Thomas DL, 
Cordle CT, Winship TR, Buck RH. Effect of 
Dietary Ribonucleotides on Infant Immune 
Status. Part 1: Humoral Responses. Pediat-
ric Research. 2004; 56:883-890 

7. Weemaes C, Klasen I, Göertz J, Beldhuis-
Valkis M, Olafsson O. Development of Im-
munoglobulin A in Infancy and Childhood. 
Scandinavian Journal of Immunology 2003; 
58:642-648. 

8. Rose PT, Gregory RL, Gfell LE, Hughes CV. 
IgA antibodies to Streptococcus mutans in 
caries-resistant and susceptible children. 
Pediatr. Dent. 1994;16:272-6 

9. Russell MW, Hajishengallis G, Childers NK, 
Michalek SM. Secretory immunity in de-
fense against cariogenic mutans strepto-
cocci. Caries Res. 1999;33:4-15 

10. Fontnana M, Gfell LE, Gregory RL. Char-
acterization of preparations enriched for 
Streptococcus mutans fimbriae: Salivary 
immunoglobulin A antibodies in caries-free 
and caries-active subjects. Clin Diagn Lab 
Immunol. 1995;2:719-25 

11. Bratthall D, Serinirach R, Hamberg K, 
Widerstrom L. Immunoglobulin A reaction 
to oral streptococci in saliva of subjects 
with different combinations of caries and 
levels of mutans streptococci. Oral Micro-
biol Immunol. 1997;12:212-18 

12. Ben-Aryeh H, Fisher M, Szargel R, Laufer 
D. Composition of whole unstimulated sa-
liva of healthy children: Changes with age. 
Archives of Oral Biology. 1990;35:929-931 

13. Ventura MT. Evaluation of IgA-1 - IgA-2 
levels in serum and saliva of young and eld-
erly people. Allergol Immunopathol. 
1991;19:183-185 

14. Gregory RI, Kim DE, Kindle JC, Hobbs 
LC, Lloyd DR. Immunoglobulin-degrading 
enzymes in localized juvenile periodontitis. 
Journal of Periodontal Research. 1992; 
27:176-183 

15. Koga-Ito CY, Martins CA, Balducci I, 
Jorge AO. Correlation among mutans 
streptococci counts, dental caries, and IgA 
to Streptococcus mutans in saliva. Pesqui 
Odontol Bras. 2004;18:350-5 

16. Mattos-Graner RO, Zelante F, Line RC, 
Mayer MP. Association between caries 
prevalence and clinical, microbiological 
and dietary variables in 1.0 to 2.5-year-old 
Brazilian children.  Caries Res. 
1998;32:319-23 

17. Oulis CJ, Berdouses ED, Vadiakas G, Ly-
gidakis NA. Feeding practices of Greek 
children with and without nursing caries. 
Pediatr Dent. 1999;21:409-16 

18. Fort P, Moses N, Fasano M, Goldberg T, 
Lifshitz F. Breast and soy-formula feedings 
in early infancy and the prevalence of auto-
immune thyroid disease in children.  J Am 
Coll Nutr. 1990;9:164-7 

19. Smulevich VB, Solionova LG, Belyakova 
SV.  Parental occupation and other factors 
and cancer risk in children: I. Study meth-
odology and non-occupational factors. Int J 
Cancer. 1999;83:712-7 

20. van-Odijk J, Kull I, Borres MP, Brandtzaeg 
P, Edberg U, Hanson LA. Breastfeeding 
and allergic disease: a multidisciplinary 
review of the literature (1966-2001) on the 
mode of early feeding in infancy and its im-
pact on later atopic manifestations.  Allergy 
2003;58:833-843 

21. Oddy WH, Holt PG, Sly PD, Read AW, 
Landau LI, Stanley FJ, Kendall GE.  Asso-
ciation between breast feeding and asthma 
in 6 year old children: findings of a pro-
spective birth cohort study. BMJ. 
1999;319:815-9.  

22. Soresi S, Togias A.Mechanisms of action of 
anti-immunoglobulin E therapy. Allergy 
Asthma Proc. 2006;27(Suppl 1):S15-23 

Archive of SID

www.SID.ir



17 Salivary IgA and IgE Levels in Children  

Dental Research Journal (Vol. 4, No. 1, Spring-Summer 2007) 

23. Hanson LA. Protective effects of breast-
feeding against urinary tract infection. Acta 
Paediatr. 2004;93:154-6. 

24. Fitzsimmons SP, Evans MK, Pearce CL, 
Sheridan MJ, Wientzen R, Cole MF. Immu-
noglobulin A subclasses in infants' saliva 
and in saliva and milk from their mothers.  
J Pediatr. 1994;124:566-73.  

25. Avanzini MA, Plebani A, Monafo V, 
Pasinetti G, Teani M, Colombo A, 
Mellander L, Carlsson B, Hanson LA, 
Ugazio AG. A comparison of secretory an-
tibodies in breast-fed and formula-fed in-
fants over the first six months of life. Acta 
Paediatr. 1992;81:296-301. 

26. Kohler H, Donarski S, Stocks B, Parret A, 
Edwards C. Antibacterial characteristics in 
the feces of breast-fed and formula-fed in-
fants during the first year of life. J Pediatr 
Gastroenterol Nutr. 2002;34:188–193. 

27. Oddy WH, Peat JK, de Klerk NH. Maternal 
asthma, infant feeding, and the risk of 
asthma in childhood.  Journal of Allergy 
and Clinical Immunology.  2002;110: 65-
67 

28. Awasthi A, Mathur RK, Saha B. Immune 
response to Leishmania infection. Indian J 
Med Res. 2004;119:238-58 

29. Taylor A, Verhagen J, Blaser K, Akdis M, 
Akdis CA.Mechanisms of immune suppres-
sion by interleukin-10 and transforming 
growth factor-beta: the role of T regulatory 
cells. Immunology 2006;117:433-42 

30. Kim, P. H., M. F. Kagnoff. 1990. Trans-
forming growth factor-ß1 is a costimulator 
for IgA production. J Immunol. 
1990;144:3411 

31. van Ginkel FW, Wahl SM, Kearney JF, 
Kweon M, Fujihashi K. Partial IgA-
Deficiency with Increased Th2-Type Cyto-
kines in TGF-ß1 Knockout Mice. The Jour-
nal of Immunology 1999;163:1951-1957 

32. Penttila I. Effects of transforming growth 
factor-beta and formula feeding on systemic 
immune responses to dietary beta-
lactoglobulin in allergy-prone rats. Pediatr 
Res. 2006;59:650-5 

 

Archive of SID

www.SID.ir


