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Background: Measurement of immunoglobulins and complement proteins are front-
line tests used in the assessment of immune system integrity, and reference values 
can vary with age. Their measurement provides an insight into the function of the 
innate and adaptive immune systems.
Methods:	We	generated	pediatric	reference	ranges	for	IgG,	IgA,	IgM,	IgD,	the	IgG	
and	IgA	subclasses,	and	C3	and	C4	using	the	Optilite™	turbidimetric	analyzer.
Results:	The	concentrations	of	 IgG,	 IgA,	and	 IgD	showed	an	 increase	with	age,	as	
expected,	while	IgM	remained	stable	between	the	age	groups.	For	the	IgG	subclasses,	
no significant differences were observed in IgG1 or IgG3, while IgG2 and IgG4 con-
centrations increased steadily with age. The concentration of IgG2 plateaued at 15- 
18 years, while IgG4 plateaued at 10- 14 years. The trend of concentrations across all 
groups	was	IgG1	>	IgG2	>	IgG3	>	IgG4.	For	both	IgA1	and	IgA2,	concentrations	in-
creased	significantly	with	age,	plateauing	at	15-	18	years.	The	median	IgA1	concen-
tration	was	greater	than	IgA2	across	all	groups.	There	was	a	good	correlation	between	
the	 total	 IgG	 or	 IgA	 concentration	 and	 summation	 of	 their	 subclasses	 (R2 = 0.89, 
P	<	.0001,	slope	y	=	0.98x	+	14.51	mg/dL	and	R2 = 0.91, P	<	.0001,	slope	y	=	1.35x-	
3.28	mg/dL,	respectively).	The	concentration	of	C3	and	C4	remained	stable	across	
the groups, with no significant differences observed.
Conclusion: We have generated age- specific reference ranges in healthy children for 
C3,	C4,	IgG,	IgA,	IgM,	IgD	and	the	IgG	and	IgA	subclasses	using	the	Optilite™ turbidi-
metric analyzer. These ranges will help identify individuals with abnormal concentra-
tions, thus will aid in the diagnosis of both primary and secondary immunological 
disorders.
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1  | BACKGROUND

The human immune system varies as a consequence of both her-
itable and nonheritable influences that lead to an inter- individual 
variation that has consequences on immunological health and dis-
ease.1 In the clinical laboratory, measurement of immunoglobulins 
(IgG,	IgA,	IgM,	and	IgD),	IgG	and	IgA	subclasses,	and	complement	
proteins C3 and C4 are common practice for the screening of im-
mune system dysfunction, as well as in the follow- up of various 
immunosuppressive therapies and monoclonal gammopathies. 
Immunoglobulins are primarily involved in adaptive immune re-
sponses	and	are	produced	by	B	lymphocytes.2 On the other side, 
the complement system, which comprises over 30 proteins syn-
thesised mainly by hepatocytes,3,4 is a crucial part of the human 
innate immune system, and plays a key role in host defense against 
pathogenic infections.5 Reference ranges for adult populations are 
well known6; however, there is little literature regarding pediatric 
individuals, the age range in which the onset of primary immuno-
deficiencies is more common.7

Radial immunodiffusion was the gold standard test used to 
determine immunoglobulin and complement protein concentra-
tions 50 years ago, which is a technically demanding and manual 
method.8 Technical advances have allowed its replacement by fully 
automated systems using immunonephelometric and immunotur-
bidimetric techniques, two closely related analytical techniques 
based on optical detection systems that measure the scattering 
of	light	by	a	solution	containing	antigen-	antibody	complexes	due	
to the formation of the precipitate.9 The main difference between 
these two immunoassays is the detection principle. Nephelometry 
is based on the principle of measuring the intensity of scattered 
light whereas turbidimetry measures the intensity of transmitted 
light. Recently, improvement of immunoturbidimetry has enabled 
this technique to be used as an alternative to immunonephelom-
etry for routine use.10 It is now possible to quantify low protein 
concentrations in serum, such as Ig subclasses and complement 
proteins C3 and C4.11	 The	 SPAPLUS®	 and	Optilite™ turbidimet-
ric analyzers allow the measurement of these serum proteins 
with high sensitivity and specificity shown in Table 1. This has 
been achieved through the use of the certified reference mate-
rial	 (DA470k),12 prozone effect detection tools, and optimized 
antisera.12-15

It is well known that the production of serum proteins may be 
age	dependent	 and	 concentration	differences	may	 therefore	 exist	
between children and adults.16,17 The measurement of IgG can be 
complicated by placental transfer of maternal IgG during gestation, 

meaning that IgG levels may appear relatively high at birth due to the 
measurement of maternal IgG. Immunoglobulin concentrations may 
also	vary	 according	 to	 race	or	ethnicity,	 sex,	 sample	 type,	or	diet,	
among other factors.18

The measurement of immunoglobulin concentrations is a use-
ful marker in many clinical settings, including instances where there 
is abnormal production and/or questionable stability. Their mea-
surement is included as a frontline test upon suspicion of primary 
and secondary immunodeficiencies19-21 and may be useful where 
there is an overproduction of immunoglobulins such as in multiple 
myeloma or hyper IgD syndrome.22-24 Congenital defects in one 
or more components of the humoral immune system may result 
in a dysfunctional immune system. These individuals may present 
with	 severe,	 unusual,	 and	 recurrent	 infections.	 Examples	 include	
common variable immunodeficiency (CVID),18	 Bruton’s	 agamma-
globulinemia, Hyper IgM syndrome, and transient hypogammaglob-
ulinemia of infancy.20 Primary immunodeficiencies may present in 
infancy, adolescence, or adulthood, so is essential that age- specific 
concentration ranges are developed, so these functional defects are 
detected and managed. Measurement of complement protein con-
centration is a useful marker of innate immune function and is per-
formed where inherited or acquired deficiencies are suspected,25 
as well as in inflammatory conditions where complement levels are 
known to fluctuate with disease activity.26 In diseases, where there 
is	formation	of	antigen-	antibody	complexes	like	systemic	lupus	er-
ythematosus, complement levels can be low due to overactivation 
of the complement pathways and consumption of the proteins.27 
Measurement of complement protein concentration, particularly 
C3, C4, and complement classical pathway functional activity are 
carried out as part of a panel of tests used to diagnose and monitor 
these diseases.28,29

In the present study, we have measured the concentrations of 
C3,	C4,	IgG,	IgA,	IgM,	IgD	and	the	IgG	and	IgA	subclasses	in	serum	
samples from healthy children under 18 years of age. We report the 
age- dependent pediatric reference ranges for these serum proteins 
using	 the	Optilite™	 turbidimetric	 analyzer	 that	 can	be	used	 in	 the	
clinical laboratory.

2  | METHODS

2.1 | Samples

Healthy controls were selected, without ethnic segregation, from 
June to December 2015 at Hospital Universitari Vall d’Hebron, 
Barcelona,	Catalonia,	Spain.	The	 inclusion	criteria	were	as	 follows:	

TABLE  1 Sensitivity	and	specificity	values	for	IgG,	IgA,	IgM,	IgD,	IgG	and	IgA	subclasses,	C3	and	C4	proteins

IgG IgG1 IgG2 IgG3 IgG4 IgA IgA1 IgA2 IgM IgD C3 C4

Sensitivity	(%) 100.00 93.75 99.43 78.57 70.00 100.00 100.00 86.21 100.00 100.00 94.74 100.00

Specificity	(%) 100.00 99.02 94.97 98.92 98.97 99.13 99.12 100.00 100.00 100.00 97.01 98.92

Values	of	sensitivity	and	specificity	are	reported	for	each	parameter	studied	using	the	Optilite™	turbidimetric	analyzer.
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healthy pediatric individuals, disease- free that have not received 
blood transfusion or immunosuppressive therapy during the last 
12 months. Patients with immune- mediated disorders or clini-
cal	 syndromes	were	excluded.	The	median	age	was	8	years	 (range	
0- 18 years). Individuals were stratified in five groups according to 
age as shown in Table 2.

2.2 | Consent/Ethics

The	 study	 was	 approved	 by	 the	 Ethics	 Committee	 of	 Hospital	
Universitari	 Vall	 d’Hebron,	 Barcelona,	 Spain	 (PR_AG_134-	2011).	

The	study	was	explained	to	parents/legal	guardian	of	the	volunteers	
included,	 and	 informed	consent	was	obtained.	All	 the	participants	
were registered anonymously, and they were classified according to 
sex	and	age.

2.3 | Analytical techniques

Serum	was	 obtained	 after	 centrifugation	 of	 whole	 blood	 samples	
(serum-	separating	tubes),	then	frozen	at	−80°C	for	a	maximum	pe-
riod	of	10	months	until	analysis.	IgG,	IgA,	IgM,	IgD,	IgG,	and	IgA	sub-
classes	concentration	were	measured	on	an	Optilite™ turbidimetric 

TABLE  2 Age-	specific	reference	ranges	for	IgG,	IgA,	IgM,	IgD,	IgG	and	IgA	subclasses,	C3	and	C4	proteins

Age Groups (years) 
(n = number of samples)

0- 2 (n = 22) 3- 4 (n = 19) 5- 9 (n = 39) 10- 14 (n = 40) 15- 18 (n = 22)

IgG	(mg/dL) Median 
conc. 
95%	CI

849.8 (241.5- 1108) 820.4 (485.3- 1160) 943.8 (514- 1672) 1045 (581.4- 1652) 975.8 (478.9- 1433)

IgG1	(mg/dL) Median 
conc. 
95%	CI

615.5 (167- 900) 538 (313- 941) 653 (363- 1276) 640 (315.6- 1076) 543.5 (325- 894)

IgG2	(mg/dL) Median 
conc. 
95%	CI

114.8 (54.6- 358.5) 130.3 (72.3- 286.6) 206.3 (26.64- 397.6) 268.6 (85.71- 509.4) 321.5 (156.3- 625.3)

IgG3	(mg/dL) Median 
conc. 
95%	CI

50.4 (33.8- 84.5) 59.3 (25.1- 117.2) 56.95 (17.32- 169) 77.25 (14.39- 201.2) 66.4 (33.5- 245.8)

IgG4	(mg/dL) Median 
conc. 
95%CI

8.2 (1- 33.6) 8.3 (0.7- 64.5) 22.65 (0.42- 167.6) 47.05 (0.69- 102.7) 24.35 (1.8- 170.2)

IgA	(mg/dL) Median 
conc. 
95%	CI

54.19 (2.1- 126) 73.6 (13.92- 212.4) 109.6 (52.34- 225.8) 124.3 (41.59- 344.9) 127.3 (59.84- 348.8)

IgA1	(mg/L) Median 
conc. 
95%	CI

52.32 (3.35- 145.4) 82.63 (22.46- 277.8) 120.4 (42.78- 337.2) 137.6 (36.81- 430) 153.4 (76.12- 394.4)

IgA2	(mg/L) Median 
conc. 
95%	CI

6.57 (0.52- 14.87) 10.42 (2.68- 43.89) 16.7 (6.51- 55.67) 21.13 (0.625- 109.3) 27.68 (13.92- 54.49)

IgM	(mg/dL) Median 
conc. 
95%	CI

93.25 (20.82- 214.7) 84.72 (26.06- 154.5) 98.92 (26.25- 187.9) 98.6 (47.41- 251.8) 98.07 (25.92- 232.3)

IgD	(mg/L) Median 
conc. 
95%	CI

13.9 (13.9- 138.8) 23.4 (13.9- 208.9) 37 (13.9- 209) 24.5 (13.9- 301.4) 40.4 (13.9- 154.2)

C3	(mg/dL) Median 
conc. 
95%	CI

135.4 (98.56- 207.9) 130.9 (77.33- 176.5) 136.6 (87.5- 176.4) 141.5 (97.36- 195.9) 136 (68.09- 222.4)

C4	(mg/dL) Median 
conc. 
95%	CI

22.44 (11.25- 39.08) 22.42 (10.97- 41.88) 22.07 (7.272- 33.67) 19.72 (11.43- 36.66) 20.62 (10.29- 46.92)

The	median	concentration	of	each	protein	in	sera	from	healthy	pediatric	donors	is	shown	in	mg/dL.	The	95%	confidence	intervals	(CI)	are	shown	in	
parentheses.
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analyzer	(The	Binding	Site®,	Birmingham,	UK).	Complement	proteins	
C3 and C4 were also assessed using this same analyzer and following 
the routine protocols in our hospital.

2.4 | Statistical analysis

All	graphs	and	statistical	analysis	were	generated	using	Graph	Pad	
Prism	statistical	software	version	5.04	and	Analyze-	it® for Microsoft 
Excel.	Distribution	of	data	was	assessed	by	D’Agostino	&	Pearson	
omnibus normality tests. Depending on whether data were normally 
distributed, differences between the age groups were assessed by 
one- way analysis of variance with Tukey’s multiple comparison test 
or	 Kruskal-	Wallis	with	Dunn’s	multiple	 comparison	 test.	 A	P < .05 
was considered statistically significant. The relationship between 
total	IgG	or	IgA	and	the	summation	of	the	subclasses	were	analyzed	
using	Bland-	Altman	and	Passing-	Bablok	analysis	(Analyse-	it).

3  | RESULTS

Samples	from	145	healthy	donors	(69	females	and	76	males)	were	in-
cluded.	The	median	age	was	8	years	(interquartile	range:	4-	13).	Age-	
related	median	 concentrations	 and	 95%	 reference	 ranges	 for	 IgG,	
IgA,	IgM,	IgD,	the	IgG	and	IgA	subclasses,	and	complement	proteins	
C3 and C4 are shown in Table 1.

IgG was the only immunoglobulin which was normally distrib-
uted	in	all	groups,	with	IgA,	IgM,	and	IgD	antibodies	displaying	non-
normal distribution in one or more age groups. The concentrations 
of	 IgG,	 IgA,	and	 IgD	generally	showed	an	 increase	with	 increasing	
age	(Figure	1).	The	IgM	concentration	remained	stable	over	the	age	

ranges tested, with no statistically significant differences observed 
in	the	concentrations	between	the	groups.	For	both	IgG	and	IgM,	the	
concentrations at 0- 2 years were comparable to that at 3- 4 years.

IgG	 and	 IgA	 can	 be	 divided	 further	 into	 subclass	 antibodies,	
which	were	 also	measured	 in	 the	 different	 age	 groups	 (Figures	2	
and 3). IgG1 antibodies were normally distributed, while IgG2, 
IgG3, and IgG4 had a nonnormal distribution in one or more age 
groups. No significant differences were observed in IgG1 or IgG3 
concentrations between the different age groups, while the con-
centrations	of	IgG2	and	IgG4	increased	steadily	with	age	(Figure	2).	
The concentration of IgG2 plateaued in the 15- 18 year age group, 
while IgG4 plateaued at 10- 14 years. The trend of concentrations 
across all age groups was IgG1 > IgG2 > IgG3 > IgG4. The concen-
trations	of	both	IgA1	and	IgA2	displayed	nonnormal	distribution	in	
one or more age groups, and both increased significantly with age, 
plateauing	in	the	15-	18	year	age	group	(Figure	3).	The	median	IgA1	
concentration	was	greater	 than	 the	 IgA2	concentration	across	 all	
age groups.

There was a good correlation between the total IgG concentra-
tion and summation of the IgG subclasses (R2 = 0.89, P < .0001, slope 
y	=	0.98x	+	14.51	mg/dL;	Figure	4).	There	was	94%-	100%	agreement	
between the two methods in classifying patients as below or above 
the lower limit of the age- specific normal IgG range. Comparing 
total	IgA	and	the	summation	of	IgA1	and	IgA2	concentrations	also	
provided a good correlation (R2 = 0.91, P	<	.0001,	 slope	 y	=	1.35x-	
3.28	mg/dL;	 Figure	4).	 There	 was	 97%-	100%	 agreement	 between	
the two methods in classifying patients as below or above the lower 
limit	of	the	age-	specific	normal	IgA	range.

Measurement of the C3 and C4 concentrations demonstrated 
that	 C4	 protein	 expression	 had	 normal	 distribution	 across	 all	 age	

F IGURE  1 Age-	stratified	immunoglobulin	concentrations	in	healthy	children.	Immunoglobulin	isotypes	G,	A,	M,	and	D	were	measured	
in	healthy	children	(A,	B,	C,	and	D,	respectively).	Individual	readings	were	grouped	according	to	age	ranges;	0-	2,	3-	4,	5-	9,	10-	14	and	15-	18	y.	
Line	represents	median	concentrations.	*P	<	.05,	**P	<	.01,	***P < .001
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groups, while C3 did not. The concentration of both C3 and C4 pro-
tein remained stable across the age groups, with no significant dif-
ferences	observed	in	concentrations	between	age	groups	(Figure	5).

4  | CONCLUSIONS

In the present work, we provide for the first time reference values 
for immunoglobulins, immunoglobulin subclasses, and complement 
proteins in a healthy pediatric population from 0 to 18 years old 
using immunoturbidimetric assays.

The	 immune	 system	 is	 a	 complex	 system,	 comprising	 several	
types of cells and soluble proteins that have different functions. 
Their concentration in different tissues can vary depending on their 
functional	activity.	For	practical	reasons,	whole	blood	and	serum	are	
the samples which are studied most, and obviously, reference val-
ues are necessary to distinguish between normal and pathological 
values.	For	this	purpose,	reference	ranges	for	 immunoglobulin	and	
complement protein levels in adult populations are well defined,6 but 
there is less data that refers to pediatric populations. The impor-
tance of these pediatric reference values relies on the fact that the 

vast majority of PID are diagnosed during the first months or years 
of life. This is especially critical for immunoglobulins as antibody de-
ficiencies are, by large, the most common group of PID.30

The results that we have obtained for immunoglobulin concen-
trations are consistent with previous reports in children measured by 
radial immunodiffusion and nephelometric techniques, where IgG and 
IgA	levels	were	shown	to	 increase	gradually	with	age,	and	IgM	con-
centrations remained relatively steady between all age groups.16,17,31 
Although	IgM	antibodies	appear	early	during	infection,	the	almost	con-
stant concentrations of IgM observed in each age group may be in part 
due its high avidity pentameric structure. IgM binds to weakly cross- 
reacting	antigens,	for	example	isohaemagglutinins,	stimulating	its	in-
creased production, even in the absence of prior immunization.32,33 
The	steady	increase	in	IgG	and	IgA	with	age	reflects	the	repeated	and	
increased	 exposure	 of	 the	 host	 to	 various	 pathogens	 and	 antigens.	
This	will	stimulate	B	cell	production	of	immunoglobulin	to	change	from	
one	isotype	to	another	via	class-	switch	recombination	(CSR),	allowing	
the	switch	from	IgM	to	IgG	and	IgA	antibody	production.34

The IgG subclass ranges reported in this study show similar 
trends to that previously reported.35-39 The age- associated increase 
in IgG subclass concentrations was most pronounced for IgG2 and 

F IGURE  2 Age-	stratified	IgG	subclass	concentrations	in	healthy	children.	(A)	IgG1,	(B)	IgG2,	(C)	IgG3,	and	(D)	IgG4	were	measured	in	
healthy children. Individual readings were grouped according to age ranges: 0- 2, 3- 4, 5- 9, 10- 14, and 15- 18 y, and line represents median 
concentrations.	(E)	The	median	concentrations	are	shown	for	all	four	IgG	subclasses.	*P	<	.05,	**P	<	.01,	***P < .001
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IgG4 antibodies, as these subclasses reach normal adult levels later 
than IgG1 and IgG3.40 IgG2 antibody concentrations are less af-
fected by maternal transfer of IgG (compared to IgG1), as transfer of 
this subclass is the least efficient of the four IgG subclasses.41-43 The 
transient delay in IgG2 antibody production is clinically relevant in 
the	context	of	vaccination,	as	this	subclass	is	mainly	responsible	for	

the response to polysaccharide antigens.44,45	This	fact	explains	why	
response to polysaccharide vaccines is impaired in children under 
2 years; thus childhood vaccination schedules utilize predominantly 
protein	 (eg,	 tetanus	 and	 diphtheria	 toxoids)	 or	 protein	 conjugated	
polysaccharide (eg, Haemophilus influenzae and Streptococcus pneu-
moniae) vaccines to overcome this issue in this young population 

F IGURE  3 Age-	stratified	IgA	subclass	concentrations	in	healthy	children.	(A)	IgA1	and	(B)	IgA2	were	measured	in	healthy	children.	
Individual	readings	were	grouped	according	to	age	ranges:	0-	2,	3-	4,	5-	9,	10-	14,	and	15-	18	y.	Line	represents	median	concentrations.	(C)	The	
median	concentrations	are	shown	for	both	IgA1	and	IgA2.	*P	<	.05,	**P	<	.01,	***P < .001

F IGURE  4 Comparison of 
immunoglobulin measurements and 
summation of their subclasses. The 
measurement	of	IgG	and	IgA	and	the	
summation of their subclasses were 
compared	using	Passing-	Bablok	analysis	
(A	and	B,	respectively)

F IGURE  5 Age-	stratified	C3	and	
C4 concentrations in healthy children. 
Complement proteins C3 and C4 were 
measured	in	healthy	children	(A	and	B,	
respectively). Individual readings were 
grouped according to age ranges: 0- 2, 3- 4, 
5-	9,	10-	14,	and	15-	18	y.	Line	represents	
median concentrations
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where the predominant response is mediated by IgG1.44,45	 As	 in	
previous studies performed with radial immunodiffusion and nephe-
lometric	techniques,	total	IgA,	IgA1,	and	IgA2	all	increase	in	concen-
tration	with	age,	with	serum	IgA1	concentrations	consistently	much	
higher	than	IgA2.46,47

Serum	concentrations	of	complement	proteins	C3	and	C4	were	
constant across all age groups, which is consistent with previous re-
sults performed with alternative techniques and their role in the in-
nate immune system.15,48 In contrast to the immunoglobulins and their 
role in the adaptive arm of the immune system, C3 and C4 are part of 
the innate immune system with a much broader repertoire of func-
tions. Complement proteins are not transferred across the placenta, 
and their synthesis occurs early in gestation by the third trimester.49

In conclusion, this work presents reference values for immu-
noglobulins	 IgA,	 IgG,	 IgM,	 IgD,	 the	 IgG	and	 IgA	subclasses	as	well	
as C3 and C4 in a multi- ethnic population of healthy pediatric 
donors	 using	 the	 Binding	 Site’s	 automated	 turbidimetric	 assays.	
Immunoturbidimetry is recommended as an alternative to immu-
nonephelometry in the immunoglobulin and complement protein 
quantification due to its accuracy and the detection capacity of pro-
zone phenomenon that make it suitable for clinical purposes.11

These ranges will be of use in the clinical laboratory for identify-
ing individuals with abnormal concentrations of these proteins and 
thus will aid in the diagnosis of immunological disorders, especially 
of primary and secondary immunodeficiencies.
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