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Introduction
Dental	 caries	 is	 an	 infectious	multifactorial	
disease	 caused	 by	 interplay	 of	 tooth,	 diet,	
and	 microorganisms.	 The	 development	
of	 dental	 caries	 requires	 the	 presence	 of	
cariogenic	 bacteria	 and	 fermentable	 sugar	
to	 form	 acid	 leading	 to	 demineralization	
of	 enamel.[1]	 Cariogenic	 microorganisms	
enter	 the	 dental	 biofilm	 early	 in	 life	 and	
can	 subsequently	 emerge,	 under	 favorable	
environmental	 conditions,	 to	 cause	 disease.	
Occasionally,	 children	with	 early	 childhood	
caries	 (ECC)	 have	 moderate	 levels	 of	
Streptococcus mutans,	 which	 are	 generally	
acquired	 from	 their	 mothers	 at	 an	 early	
age.[2]	The	various	adaptive	host	defenses	in	
response	 to	 these	 infections	 are	 expressed	
in	saliva	and	gingival	crevicular	fluid	in	the	
oral	cavity.[3]

Specific	 immune	 defense	 against	 S.mutans	
is	 considered	 to	 be	 one	 of	 the	 factors	
in	 altering	 the	 dental	 caries	 process.	
Protection	 is	 provided	 largely	 by	 SIgA	
antibodies	 which	 are	 generated	 by	 the	
mucosal	 immune	 system.	 The	 various	
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Abstract
Objective:	 This	 study	 aimed	 to	 evaluate	 the	 levels	 of	 salivary	 IgA,	 amylase,	 lactoferrin,	 and	
lysozyme	 before	 and	 after	 comprehensive	 dental	 treatment	 in	 children	with	 early	 childhood	 caries.	
Design:	Thirty	children	aged	36–60	months,	with	a	deft	score	≥5,	were	selected	for	the	study.	Before	
dental	treatment,	paraffin‑stimulated	whole	saliva	was	collected	in	a	sterile	graduated	cup	for	a	period	
of	 5	 min.	 The	 saliva	 samples	 were	 quantitatively	 analyzed	 for	 levels	 of	 IgA,	 amylase,	 lactoferrin,	
and	 lysozyme	 using	 enzyme‑linked	 immunosorbent	 assay.	 Comprehensive	 dental	 treatment	 was	
carried	 out	 in	 all	 the	 children	 including	 caries	 preventive	 procedures.	 A	 second	 sample	 of	 saliva	
was	collected	at	3	months	following	completion	of	dental	 treatment.	Data	obtained	was	subjected	to	
statistical	analysis	using	Student’s	 t‑test.	Results:	The	mean	 levels	of	 salivary	 IgA	was	significantly	
reduced	from	59.60	µg/ml	 to	56.42	µg/ml	after	dental	 treatment	 (P	<	0.05).	There	was	a	significant	
reduction	 in	 the	 levels	 of	 salivary	 amylase	 from	 115.78	 µg/ml	 to	 113.33	 µg/ml	 (P	 <	 0.001).	
Following	 dental	 treatment,	 salivary	 lactoferrin	 and	 lysozyme	 levels	 were	 significantly	 reduced	
from	 3.76	 µg/ml	 and	 10.62	 µg/ml	 to	 3.44	 µg/ml	 and	 10.27	 µg/ml,	 respectively	 (P	 <	 0.001).	
Conclusions:	Levels	of	 salivary	 IgA,	amylase,	 lactoferrin,	 and	 lysozyme	were	 reduced	 significantly	
at	3	months	following	comprehensive	dental	treatment.
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nonspecific	 antimicrobial	 agents	 in	 saliva	
such	 as	 immunoglobulins,	 cystatins,	
lactoperoxidase,	 lysozyme,	 and	 lactoferrin	
have	 also	 shown	 an	 interactive	 effect	 on	
the	 reduction	 of	 bacterial	 growth	 and	
metabolism.

The	 protective	 mechanism	 of	 saliva	 is	
necessary	 for	 the	 reduction	 and	 prevention	
of	this	infectious	disease.	Saliva	has	various	
protective	 functions	 due	 to	 its	 physical	
characteristics	 and	 chemical	 composition.	
The	 immune	 response	 in	 the	 oral	 cavity	
is	 due	 to	 the	 presence	 of	 an	 extensive	
and	 specialized	 mucosa‑associated	
lymphoid	 tissue.[4]	 Antimicrobial	 proteins	
in	 saliva	 constitute	 immunoglobulins	 and	
nonimmunoglobulins	 such	 as	 lactoferrin,	
lysozyme,	 mucins,	 histatins,	 and	
lactoperoxidase.	 Many	 of	 these	 molecules	
are	 present	 in	 rather	 low	 concentrations	
in	 the	 whole	 saliva,	 and	 it	 should	 be	
considered	 that	 their	 effects	 are	 cumulative	
and/or	 synergistic,	 resulting	 in	 an	 efficient	
molecular	 defense	 network	 of	 the	 oral	
cavity.[5]	 These	 salivary	 immunoglobulins	
include	IgA,	IgM,	and	IgG.
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Salivary	 IgA	 is	 the	 main	 immunoglobulin	 in	 saliva	 and	
provides	the	first	line	of	defense	against	the	pathogens.	The	
decrease	 or	 absence	 of	 IgA	 or	 selective	 IgA	 deficiency	 is	
significant	in	immunodeficiency	disorders	and	also	has	been	
associated	 with	 the	 occurrence	 of	 dental	 caries.[6]	 Salivary	
amylase	 was	 earlier	 considered	 as	 a	 starch	 digestive	
enzyme.	 Salivary	 alpha‑amylase	 has	 been	 identified	 as	 a	
constituent	of	the	acquired	enamel	pellicle[7]	and	may	act	as	
a	 receptor	 for	 bacterial	 adhesion	 to	 the	 tooth	 surface.	 The	
enzyme	has	also	been	found	to	interact	with	several	species	
of	 oral	 streptococci,	which	 are	 among	 the	 first	 to	 colonize	
dental	 plaque.[8]	 Lysozyme	 and	 lactoferrin	 are	 proteins	
produced	 by	 the	 major	 and	 minor	 salivary	 glands.	 They	
contribute	 to	 the	 maintenance	 of	 a	 stable	 oral	 ecosystem.	
These	 proteins	 can	 influence	 the	 development	 of	 dental	
biofilms,	 which	 inhibit	 mutans	 streptococci	 adherence	 and	
modulate	planktonic	bacterial	aggregation	to	the	biofilm.[9]

Diminished	 levels	 of	 salivary	 proteins	 have	 been	 found	 to	
act	 as	 a	 risk	 factor	 for	 the	development	of	dental	 caries.[10]	
An	antigenic	challenge	is	known	to	increase	the	production	
of	 these	proteins.[11]	Oral	 research	has	 focused	on	 levels	of	
salivary	IgA,	lysozyme,	lactoferrin,	and	amylase	in	relation	
to	 dental	 caries.	 However,	 there	 has	 been	 no	 definite	
association	 reported	 between	 salivary	 proteins	 and	 caries	
biofilm.[9,12,13]

Immunological	 basis	 of	 dental	 caries	 in	 children	 has	 not	
been	 extensively	 studied.	 There	 is	 a	 paucity	 of	 research	
in	 the	 evaluation	 of	 immunologic	 response	 of	 specific	
and	 nonspecific	 salivary	 proteins	 following	 complete	 oral	
rehabilitation.	 Furthermore,	 no	 studies	 have	 evaluated	
the	 association	 of	 both	 specific	 and	 nonspecific	 salivary	
proteins	 before	 and	 after	 3	 months	 of	 complete	 dental	
treatment	 in	 children.	 It	 was	 hypothesized	 that	 increased	
salivary	 protein	 levels	 would	 return	 to	 normal	 levels	 once	
dental	 disease	 is	 treated	 and	 oral	 health	 has	 been	 restored.	
Hence,	 the	 present	 study	 was	 undertaken	 to	 evaluate	
levels	of	 specific	 and	nonspecific	 immune	defense	 salivary	
proteins,	 namely,	 IgA,	 amylase,	 lactoferrin,	 and	 lysozyme	
following	 comprehensive	 dental	 treatment	 in	 children	with	
ECC.

Methodology
The	 study	 was	 conducted	 in	 Department	 of	 Pedodontics	
and	 Preventive	 Dentistry.	 The	 study	 was	 approved	 by	 the	
institution’s	ethical	review	board.

The	study	was	carried	out	from	March	2013	to	August	2014.	
Eighty‑five	children	between	the	age	of	36–60	months	who	
were	 visiting	 the	 dentist	 for	 the	 first	 time	 were	 screened	
in	 the	 department.	 Of	 these,	 thirty	 healthy,	 cooperative	
children	aged	between	36	and	60	months,	with	only	primary	
dentition	with	 fair	 oral	 hygiene	 and	having	deft	 scores	>5,	
were	 selected	 for	 the	 study.	 Children	 having	 an	 abscess	
due	to	dental	caries,	children	with	salivary	gland	disorders,	
those	 with	 special	 health	 care	 needs,	 recent	 exposures	 to	

antibiotics	 (last	 3	months),	 poor	 oral	 hygiene,	 presence	 of	
periodontal	 disease,	 and	 children	who	were	 chronic	mouth	
breathers	were	excluded	from	participating	in	the	study.

Before	 conducting	 the	 study,	 written	 consent	 was	
obtained	 from	 the	 parents	 or	 caretakers	 of	 children.	
Oral	 examination	 was	 performed	 by	 a	 single	 calibrated	
examiner	 using	 dental	 mouth	 mirror	 and	 explorer	 under	
artificial	 illumination.	 WHO	 criteria	 (2013)	 for	 caries	
lesions	 were	 used	 to	 diagnose	 and	 record	 dental	 caries.	
Before	 the	 start	 of	 dental	 treatment,	 stimulated	 whole	
saliva	was	collected	from	each	child.	The	saliva	collection	
was	 done	 between	 10	 AM	 and	 11:30	 AM	 for	 all	 the	
children.	 It	was	ensured	 that	 the	child	did	not	eat	or	drink	
anything	 for	 1	 h	 before	 saliva	 collection.	 Each	 child	 was	
instructed	 to	 sit	 motionless	 and	 upright	 and	was	 asked	 to	
chew	a	paraffin	wax	block	of	1	 cm	diameter	 for	1	min.[14]	
The	 initial	 pooled	 saliva	 was	 discarded.	 The	 child	 was	
made	 to	chew	on	 the	paraffin	wax	for	an	additional	5	min	
and	was	 told	 to	spit	out	 the	pooled	saliva	 into	a	collecting	
funnel	 placed	 in	 a	 sterile	 graduated	 jar/cup,	 over	 a	 period	
of	 5	 min.	 The	 collected	 saliva	 was	 transferred	 to	 sterile	
Eppendorf	 tubes.	 To	 remove	 any	 bias,	 the	 tubes	 were	
randomly	coded,	refrigerated	at	4°C,	and	transported	to	the	
laboratory	within	30	min	of	collection.

The	 obtained	 saliva	 samples	 were	 then	 thawed	 and	
centrifuged	 for	 15	 min	 at	 10,000	 rpm	 at	 4°C	 to	
remove	 mucin	 and	 debris.	 The	 samples	 were	 stored 	 at	
minus	 4°C	 	 until	 biochemical	 analysis	 was	 done	 within	
1	 week,	 at	 Bhat	 Biotech	 India	 (P)	 Ltd.,	 an	 ISO	 9001	
certified	 laboratory.	 The	 concentration	 of	 salivary	 IgA	
was	 specifically	 determined	 using	 the	 competitive	 indirect	
enzyme‑linked	immunosorbent	assay	(ELISA)	technique.[15]	
A	 quantitative	 sandwich	 enzyme	 immunoassay	 technique	
was	 used	 to	 measure	 salivary	 amylase	 in	 the	 samples.[16]	
A	 double	 antibody	 sandwich	 ELISA	 and	 sandwich	 ELISA	
were	 used	 for	 quantification	 of	 lactoferrin	 and	 lysozyme,	
respectively.[17,18]	The	salivary	assay	for	each	of	the	variable	
was	 performed	 in	 triplicate,	 and	 the	 mean	 of	 each	 was	
calculated.

Comprehensive	 dental	 treatment	 was	 carried	 out	 for	 each	
child	 in	 accordance	 with	American	Academy	 of	 Pediatric	
Dentistry	clinical	guidelines.[19]	It	included	oral	prophylaxis,	
topical	fluoride	application,	restorations	with	glass	ionomer	
cement	and	composite	resin,	pulpectomy,	and	stainless	steel	
crown	 placement.	 The	 treatment	 was	 completed	 for	 these	
children	 within	 a	 period	 of	 2	 weeks.	 The	 children	 were	
recalled	at	monthly	intervals	and	monitored	for	oral	hygiene	
maintenance	and	examined	for	any	new	or	recurrent	carious	
lesions.	A	 second	 stimulated	 salivary	 sample	was	collected	
in	 a	 similar	manner	 at	 3	months	 following	 the	 completion	
of	 comprehensive	 dental	 treatment	 and	 analyzed	 for	 levels	
of	 salivary	 IgA,	 amylase,	 lactoferrin,	 and	 lysozyme.	 The	
laboratory	 personnel	 analyzing	 the	 samples	 was	 blind	 to	
the	 purpose	 for	 which	 the	 samples	 were	 estimated.	 The	
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data	 obtained	 was	 subjected	 to	 statistical	 analysis	 using	
Student’s	t‑test	and	Fischer’s	exact	test.

Results
Out	 of	 thirty	 selected	 children,	 there	 were	 18	 boys	 (60%)	
and	 12	 girls	 (40%).	 The	 mean	 age	 of	 the	 boys	 and	 girls	
were	4.14	±	0.66	years	and	4.13	±	0.71	years,	respectively.	
The	 mean	 of	 the	 three	 calculated	 values	 of	 levels	 of	
salivary	 proteins	 before	 and	 at	 3	 months	 following	 dental	
treatment	are	shown	in	Table	1.	The	levels	of	salivary	IgA,	
amylase,	 lactoferrin,	 and	 lysozyme	 showed	 a	 significant	
reduction	 (P	 <	 0.05,	 significant; P <	 0.001,	 highly	
significant)	at	3	months	following	dental	treatment.

Discussion
Human	 saliva	 acts	 as	 a	 medium	 for	 transfer	 of	 various	
protective	 proteins	 which	 act	 as	 an	 important	 role	 in	 the	
prevention,	 initiation,	 and	 progression	 of	 dental	 caries.	
Many	 studies	 have	 estimated	 the	 levels	 of	 these	 salivary	
proteins	 in	 caries‑free	 individuals	 and	 in	 those	 with	
different	 caries	 experience.[9,13,20,21]	 Any	 alterations	 in	
salivary	proteins	levels	due	to	dental	disease	could	return	to	
the	normal	range	following	dental	 treatment.	In	 the	present	
study,	 children	 aged	 between	 36	 and	 60	 months	 were	
selected	 as	 they	 can	 understand,	 follow	 instructions,	 and	
respond	 to	 verbal	 commands	 satisfactorily.	 Furthermore,	
children	 in	 this	 age	group	have	 the	capacity	 to	expectorate	
saliva.	 Children	 with	 any	 acute	 signs	 and	 symptoms	
of	 infection	 due	 to	 caries	 and	 those	 with	 stress	 and	
uncooperative	behavior	during	dental	treatment	have	shown	
elevated	 levels	 of	 salivary	 amylase.[22,23]	 Stress	 can	 lead	 to	
physiobiochemical	 alterations	 in	 the	 constituents	 of	 saliva.	
Hence,	 only	 children	 displaying	 cooperative	 behavior	 and	
without	 any	 acute	 symptoms	 of	 pain	were	 selected	 for	 the	
study.	 Since	 poor	 oral	 hygiene	 is	 a	 predisposing	 factor	 for	
dental	 caries	 and	 periodontal	 diseases,	 children	 selected	
for	 study	were	 those	 having	 fair	 oral	 hygiene	without	 any	
periodontal	 pathology.	 A	 control	 group	 was	 not	 included	
in	 the	 study	 as	 retaining	 a	 group	 of	 children	 with	 ECC	
for	 the	 purpose	 of	 only	 comparison,	without	 treating	 them	
would	 be	 unethical	 and	 unacceptable.	 A	 control	 group	 of	
caries‑free	 children	was	 also	 not	 included	 as	 the	 objective	

of	 the	study	was	 to	compare	 the	 levels	of	salivary	proteins	
before	and	after	the	complete	oral	rehabilitation.

Dental	 treatment	 itself	 can	 induce	 fear	 and	 anxiety	 in	
children.	 It	 has	been	observed	 that	 children	had	 significant	
increased	 levels	 of	 salivary	 amylase	 immediately	 after	
dental	 treatment.[24]	 Thus,	 the	 posttreatment	 saliva	 samples	
were	 not	 assessed	 immediately	 but	 collected	 at	 3	 months	
after	completion	of	dental	treatment.

The	 relationship	 between	 salivary	 IgA	 and	 dental	 caries	
status	 has	 been	 inconclusive.[12,20,25]	 In	 these	 studies,	 the	
SIgA	 levels	 were	 determined	 either	 before	 the	 dental	
treatment	 or	 relied	 on	 deft	 scores.	 Furthermore,	 the	
methodology	 differed	 in	 estimation	 of	 IgA.	 There	 is	 a	
paucity	 of	 studies	 with	 regard	 to	 levels	 of	 salivary	 IgA	
following	 dental	 treatment.	 In	 our	 study,	 we	 found	 a	
significant	 decrease	 in	 the	 levels	 of	 salivary	 IgA	 specific	
to	S. mutans	 and	other	nonspecific	proteins	3	months	 after	
completion	of	dental	treatment.	The	reduced	levels	of	these	
proteins	 could	 be	 due	 to	 combined	 effect	 of	 professional	
oral	rehabilitation	and	continued	home	care	instructions.

Caries	 removal	 leads	 to	 reduction	 in	 the	 microbial	 load	
and	 its	 associated	 antigenic	 challenge.[26]	 Transient	
reduction	 in	 interproximal	 S.mutans	 levels	 was	 observed	
following	 professional	 oral	 prophylaxis	 with	 concurrent	
practice	of	chlorhexidine	mouth	rinses	and	tongue	cleaning	
by	 Axelsson	 et	 al.[27]	 A	 transient	 decrease	 in	 salivary	
IgA	 following	 excavation	 of	 carious	 lesions	 has	 been	
reported.[28]	 In	our	 study,	 a	 significant	 reduction	 in	 salivary	
IgA	was	seen	at	3	months	after	dental	 treatment.	However,	
earlier	 reports	 found	 no	 statistical	 significant	 difference	 in	
the	 levels	 of	 salivary	 IgA,	 pre‑	 and	 post‑dental	 treatment	
in	 children.[11,29]	 In	 those	 studies,	 the	 researchers	 estimated	
IgA	 levels	 in	 saliva	 between	 1	 and	 4	 weeks,	 following	
treatment.[11,29]	In	the	present	study,	specific	and	nonspecific	
proteins	were	estimated	after	3	months.	This	longer	duration	
and	 the	 home	 care	 instructions	 and	 use	 of	 fluoridated	
dentifrice	could	be	the	possible	reason	for	the	difference	in	
the	 outcome	of	 the	 study.	Salivary	 amylase	 has	 a	 bacterial	
interactive	 action	 with	 a	 high	 affinity	 to	 microorganisms	
such	as	Streptococcus	species.[7]	This	action	of	amylase	can	
help	in	bacterial	clearance	from	the	oral	cavity.	Apart	from	
restoration	 of	 carious	 teeth,	 every	 child	 received	 complete	
oral	 prophylaxis,	 topical	 fluoride	 application,	 and	 oral	
hygiene	instructions.	Further	clinical	monitoring	at	monthly	
intervals	was	also	carried	out,	and	oral	hygiene	instructions	
were	reinforced.	This	could	have	led	to	reduction	in	plaque	
and	 microbial	 load,	 thereby	 decreasing	 the	 antigenic	
challenge	and	subsequent	decrease	 in	salivary	amylase	and	
IgA	levels.	Previous	studies	had	evaluated	the	changes	after	
excavation	 of	 caries	 or	 its	 restorations.	 However,	 in	 the	
present	 study,	a	comprehensive	oral	 rehabilitation	 followed	
by	 home	 care	 instructions	 and	 periodic	 recall	 visits	 was	
done.	 This	 could	 be	 the	 reason	 for	 statistical	 decrease	 in	
the	levels	of	the	salivary	proteins.

Table 1: Mean salivary protein levels before and 
3 months after comprehensive dental treatment

Salivary 
protein

Mean±SD Paired t P
Before 

treatment 
(µg/ml)

After 
treatment 

(µg/ml)
IgA 59.60±10.85 56.42±10.26 2.9799 0.0058*
Amylase 115.78±13.17 113.33±12.53 7.4945 0.00001**
Lactoferrin 3.76±0.83 3.44±0.75 7.7791 0.00001**
Lysozyme 10.62±1.83 10.27±1.81 7.8851 0.00001**
*P<0.05	is	significant,	**P<0.001	is	highly	significant.	
SD:	Standard	deviation;	IgA:	Immunoglobulin	A
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Many	 of	 the	 defense	 factors	 in	 saliva	 interact	 with	 each	
other,	 thereby	 enhancing	 their	 antimicrobial	 activity.	
Salivary	 lactoferrin	 and	 lysozyme	 have	 been	 shown	 to	
bind	 to	 secretory	 IgA.[28]	 Furthermore,	 IgA	 has	 been	
reported	 to	 enhance	 the	 antimicrobial	 properties	 of	
lactoferrin.[30]	 Lactoferrin	 combines	 with	 hydroxyapatite	
and	inhibits	adherence	and	biofilm	formation	which	in	turn	
affects	 the	 bacterial	 colonization.	 The	 proteolytic	 action	
of	 lactoferrin	 degrades	 bacterial	 virulence	 factors.[31,32]	
Lysozyme	 is	 an	 antimicrobial	 enzyme	 that	 catalyzes	 the	
degradation	 of	 the	 negatively	 charged	 peptidoglycan	
matrix	 of	 microbial	 cell	 walls.	 The	 decrease	 in	 the	 levels	
of	 microorganisms	 in	 turn	 decreases	 this	 protein	 level.	
The	pretreatment	 levels	 of	 lactoferrin	 and	 lysozyme	 in	our	
study	 were	 significantly	 higher	 than	 posttreatment	 levels	
after	 3	months.	Dental	 caries	 could	 have	 been	 a	 triggering	
factor	 for	 a	 nonspecific	 immune	 response	 that	 may	 have	
led	to	the	increase	in	levels	of	these	proteins.[9]	As	with	the	
other	 salivary	 defense	 factors,	 dental	 treatment	 could	 have	
reduced	the	antigenic	load	which	in	turn	led	to	the	decrease	
in	 levels	 of	 lactoferrin	 and	 lysozyme.	Although	 the	 results	
indicate	 a	 statistically	 significant	 reduction	 in	 the	 levels	
of	 salivary	 proteins	 in	 response	 to	 dental	 treatment,	 the	
changes	 appear	 to	 be	 small/minor	 at	 3	 months.	 However,	
there	 could	 have	 been	 a	 better	 understanding	 of	 the	
process/relationship	 if	 the	 levels	were	 assessed	 at	 frequent	
intervals	 over	 a	 period	 of	 3	 months	 or	 longer.	 Thus,	 with	
the	 inherent	 complexities,	 the	 hypothesis	 suggested	 at	 the	
initiation	of	the	study	has	been	proved	correct.

The	present	study	showed	reduction	in	the	levels	of	salivary	
proteins,	 following	 90	 days	 of	 dental	 treatment.	 This	
outcome	indicates	 that	comprehensive	dental	 treatment	and	
reinforcement	 toward	oral	hygiene	maintenance	 in	children	
can	 alter	 the	 immunologic	 response	 of	 their	 oral	 cavity.	
Comprehensive	 dental	 treatment	 reduces	 the	 levels	 of	 oral	
microorganisms,	 and	 as	 a	 result	 the	 initial	 immunogenic		
response	could	decrease	over	a	period	of	time.

Variations	 in	 salivary	 proteins	may	 play	 an	 important	 role	
in	 determining	 their	 protective	 features	 toward	 dental	
caries.[33]	Longitudinal	 studies	 involving	a	 larger	 sample	of	
children	with	 oral	 disease	 could	 be	 carried	 out	 to	 estimate	
salivary	 levels	of	proteins	with	 increasing	age	and	changes	
in	the	oral	cavity.

Conclusions
In	children	with	ECC,	complete	oral	rehabilitation	followed	
by	 oral	 home	 care	 reinforcement	 showed	 a	 significant	
reduction	in	the	levels	of	salivary	IgA,	amylase,	lactoferrin,	
and	lysozyme	at	3‑month	follow‑up.
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