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Background: The determination of IgG levels and their subclasses can provide clinically relevant information on
the status of the immune system. Here we determined the sensitivity and reproducibility of the quantification of
IgG subclasses from Dried Blood Spots (DBS) in Malawian uninfected infants exposed to HIV (HEU).

Methods: Sixty paired samples of serum and DBS from HEU infants were used. Samples were collected from 1, 6,
and 24-month old infants. IgGs concentrations from both serum and DBS were analyzed by BN ProSpec Siemens
assay, using a different setting for sample dilutions. The reproducibility of the DBS method was tested on 10
samples run twice, starting from the DBS extraction process. To assess the systematic, proportional, and random
differences, we computed the Passing-Bablok regression, and the Bland-Altman analysis to estimate the total
mean bias between the two tests.

Results: The IgG isotypes concentrations from serum and DBS showed significant differences in all the compar-
isons. Generally, the DBS method underestimated IgG subclasses’ values showing a recovery range between
51.2% and 77.6%. Passing Bablok regression on age-based groups showed agreement for IgG, IgG1, and IgG2, but
not for IgG3 and IgG4. The mean bias obtained with the Bland Altman test varied largely depending on IgG
isotypes (—0.02-2.21 g/1) Coefficient of variation <7.0% was found in the repeated tests for IgG, IgG1, IgG3, and
IgG4, while it was 12.4% for 1gG2.

Conclusions: Varying degrees of differences were seen in the IgGs measurement in the two different matrices. In
IgGs analysis, the DBS method offers promise for population-based research, but the results should be carefully
evaluated and considered as a relative value since they are not equivalent to the serum concentrations.

1. Introduction

The use of Dried Blood Spots (DBS) in clinical practice is well
established for neonatal screening and in settings where more invasive
sample techniques, or procedures as frozen specimen storage and
transportation, are problematic.

In the last years, several publications have outlined the utility of DBS
for the diagnosis and monitoring of infectious diseases (Lim, 2018;
Shimakawa et al., 2021) as well as for large-scale seroprevalence studies
(Parker and Cubitt, 1999; Brindle et al., 2014). Despite the potential

advantages of DBS as a method of specimen collection, some disad-
vantages exist, mostly linked to the lack of systematic optimization of
extraction procedures, especially for quantitative determinations which
require a consistent sample volume to obtain comparable results. Since
most of the analyses are performed on serum/plasma, different protocols
have been developed trying to improve and to correct the inevitable
impact of important factors, such as the size of the DBS punches, the
hematocrit effect and the homogeneity of the sample (Hewawasam
et al., 2018; Denniff and Spooner, 2010; De Kesel et al., 2014). More-
over, during the phase of matrix recovery, the volume needed for the
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correct elution can dilute in excess the metabolite to analyze, producing
invalid results. This is particularly true when metabolites in the samples
are present in very low concentrations.

In HIV pregnancy the immunoglobulin transplacental passage is
impaired (Palmeira et al., 2012; Cumberland et al., 2007), causing an
abnormal composition and distributions in IgG and IgG subclasses in
neonates (Ray et al., 2019; Baroncelli et al., 2020). In the first months of
life IgGs of maternal origin do have a fundamental role in sustaining the
humoral responses against pathogens in neonates, and in driving the
dynamic process of immunoglobulin development and maturation in
infants (Fink et al., 2008). Unbalanced distribution of IgG subclasses
(very low levels of IgG2 and unusually high levels of IgG1 and IgG3) has
been described in HEU infants and seems to persist up to two years of
life, suggesting alterations in IgG maturation (Baroncelli et al., 2020).

The potential use of DBS in the detection of IgG isotypes from DBS in
cord blood and neonates has been analyzed by Anderson and colleagues
using multiplex Luminex assay; although the IgGs recovery from plasma
and DBS was not comparable, the analysis showed reproducible IgGs
values within the range of newborn plasma levels (Andersen et al.,
2014). The study was conducted on healthy infants, which have a
different IgG isotypes profile from that found in HEU infants.

The aim of the present study was to optimize the Dried Blood Spot-
based protocol for the determination of IgG subclasses in HEU infants
in research projects using a nephelometric method and to determine its
performance using serum samples as reference.

2. Materials and methods
2.1. Patients and samples

Dried Blood Spots and serum samples were obtained by infants
participating in an observational study conducted in Malawi (SMAC,
Safe Milk for African Children, enrollment: 2008-2009), investigating
the safety and efficacy of antiretroviral therapy (ART) administration in
HIV-+ pregnant and lactating women. Study design, clinical details, and
antiretroviral strategies have been previously described (Giuliano et al.,
2013). Ethics approval was received by the National Health Research
Committee, Ministry of Health, Lilongwe, Malawi (approval number
#486). Written consent was obtained from all individual participants
included in the study before data collection.

Inclusion criteria for this methodologic sub-study were based on the
availability of paired DBS and serum samples from HIV exposed unin-
fected infants (HEU).

2.2. Study design

Sixty infants’ paired samples (serum-DBS) were analyzed to deter-
mine IgG concentrations and IgG subclasses at 3 time points, for a total
of 300 tests (60 determinations of total IgG and 60 for each of the 4
isotypes). Since IgGs concentrations in infants evolve in a significant
manner over time, we determined IgGs concentrations at 1, 6, and 24
months of life.

2.3. Sample preparation methods

Serum and DBS were collected from HEU infants attending the Drug
Resource Enhancement Against AIDS and Malnutrition (DREAM) Pro-
gram, managed by the Community of S. Egidio in Blantyre, Malawi.
Procedures were performed by locally trained people. After centrifuga-
tion at 800-1000 xg for 15 min of the collected blood, aliquots of serum
were stored at —80 °C. For Dried Blood Spot preparation, the plantar
surface of infants heel was pricked with sterile lancets and drops of
blood were absorbed onto each circle of Whatman 903 filter paper card.
Briefly, after the puncture the first blood drop was wiped away, then the
filter paper was soaked with a larger drop of blood, until the circle of the
spot was completely filled of blood. The procedure was repeated to fill
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the remaining circles, with successive blood drops. If blood flow was
diminished, intermittent gentle pressure was applied to the area sur-
rounding the puncture.

DBS were dried at room temperature for 4 h and then stored in in-
dividual ziplock bags containing a desiccant until shipment to our lab-
oratories at the Istituto Superiore di Sanita in Rome, Italy, where the
DBS and serum samples were stored at —20 °C and — 80 °C respectively,
until processing.

2.4. Serum analysis

Serum was diluted 1:5 with buffer solution and read with the
nephelometry. The dilution was needed due to the limited amount of
serum available. For each IgG isotype a specific curve, fitting with the
serum concentration expected, was selected (Table 1).

2.5. Elution of blood from DBS

Two spots from the filter card were used for each sample. Ten 3.2 mm
DBS discs were punched from each spot, using a pneumatic DBS-Dried
Blood Spot Card Punch (Analytical Sales and Services Inc.,Flanders,
NJ). The final 20 punches derived from the two spots were placed
together into a low binding flat-bottom 24-well plate covered with a lid
and incubated overnight at + 4 °C in 400 pl of elution buffer, Phosphate
Buffered Saline (PBS 1x Sigma Aldrich, Milan, Italy) + 0.05% Tween 20
(Sigma Aldrich, Milan, Aldrich) + 0.1% BSA (Sigma Aldrich, Milan,
Italy) gently shaken with a bench-top shaker. For elution, we used a
methodology already described (Mercader et al., 2006). Briefly, after
incubation the soaked punches and elution buffer were transferred into
the corresponding centrifuging system, consisting of a 15 mL centrifuge
tube (Falcon Polypropylene Conical Tubes, Corning Science) that held a
microtube (1.2 ml Corning Cluster Tubes, Salt Lake City, UT), and
supported an uncapped 2.5 mL syringe barrel at the open end. Samples
were centrifuged at room temperature for 7 min 1800 RPM at RT. Eluate
(median recovered volume: 330 pl) was transferred in 1.5 low-binding
vials (Protein LoBind Tube, Eppendorf) and centrifuged (14,000 RPM,
15 min RT) to remove debris.

Based on previous literature (Andersen et al., 2014), a 3.2 mm punch
was considered to contain 3.275 pl of blood; considering a hematocrit
value of 50% as acceptable for infants (Jopling et al., 2009; Hall et al.,
2015), we considered 1.6375 pl of plasma for each 3.2 mm punch
reaching a final dilution of 1:12.2 (32.75 pl (1.6375 pl x 20 spots) in
400 pl of elution buffer).

2.6. Quantification of IgG and subclasses

Total IgG and IgG subclass levels in serum and DBS samples were
determined using IgG total, IgGl, IgG2, IgG3, and IgG4 reagents
(Siemens, Siemens Healthcare Diagnostics) and read by an automatized
nephelometry (BN ProSpec® System analyzer, Siemens Healthcare
Diagnostics).

2.7. Reproducibility of the assay

Ten DBS samples from 10 individuals were tested twice starting from
the elution process, and the coefficient of variation (CV) was used to
interpret the consistency of the results.

2.8. Statistical analysis

Analysis of the data was performed using SPSS V26 software (IBM
Corp, Armonk, NY, USA). Normal distribution was checked using the
Shapiro-Wilk test, which revealed a non-normal distribution of data.
Values are expressed in medians and interquartile range. The percentage
of recovery was used to determine the difference between the results
obtained from serum and those obtained from DBS. The Wilcoxon test
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Table 1
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Percentage of quantifiable serum and DBS samples using BNI II Siemens nephelometry assay. The calibration curve ranges are also reported. Serum samples were pre-

diluted 1:5, and DBS elution were pre-diluted 1:12.2.

Serum

Samples pre-dilution 1:5

DBS Calibration curve

Samples pre-dilution 1:12.2

Range (g/1)

Sample (n) Valid (%) dilution Sample (n) Valid (%) dilution
Total IgG 60 100 1:400 60 100 1:100 0.07-46.0
IgG1 60 100 1:100 60 100 1:20 0.04-27.0
IgG2 60 100 1: 20 39 65.0 1:1* 0.09-11.0
IgG3 60 100 1:2000 60 100 1: 100 0.0017-2.1
IgG4 60 100 1:400 32 53.3 1: 100 0.0026-3.3

*To determine the IgG2 concentration in DBS samples the nephelometric software was manually modified to reach the detection limit of IgG2 to 0.00174 g/1.

was used to determine the statistical difference between the paired
samples.

Due to the non-parametric conditions, the inter-methods correlation
was calculated with the Spearman test and the Passing-Bablok regres-
sion (Bili¢c-Zulle, 2011), using XSTAT software (Statistical Software for
Excel, Microsoft Inc., Seattle). In this regression technique the intercept
(representing constant bias) and the slope (representing proportional
bias) are presented as estimates and should ideally not be different from
0 (intercept) and 1 (slope), at p < 0.05 (Passing and Bablok, 1984).
Bland Altman analysis for relative differences was also performed to
visualize the correlation between bias and concentrations (Bland and
Altman, 1986).

3. Results

A total of 300 tests from serum and 300 from DBS were performed, to
obtain the IgG subclasses profile of 60 infants in three different groups of
age.

3.1. Sample matrix effects on nephelometric assay sensibility

Valid determinations were obtained for all serum samples analyzed
with the nephelometric method, using different settings to obtain an
optimal range of concentrations for each IgG subclasses (Table 1).
Similarly, the eluted solution from DBS (pre-diluted 1:12.2) always
generated quantifiable results for total IgG, IgG1, and IgG3, indepen-
dently from the age-group. On the other hand, quantifiable results for
IgG2 and IgG4 were obtained only for 65%, and 53%, respectively, of the
DBS analyzed (Table 1). Most of the DBS samples with non-quantifiable
levels of IgG2 (<0.0174 g/1) belonged to 1 month-old infants, which had
corresponding serum IgG2 levels ranging from 0.145 g/1 to 0.868 g/1
(median: 0.52 g/1, IQR: 0.45, and 0.59). Similarly, the 53% of 1gG4
determinations from DBS were not quantifiable when the corresponding
serum samples ranged from 0.001 g/1 to 0.068 g/1 (median: 0.0275 g/1,
IQR: 0.0014-0.0041).

3.2. Comparative analysis of IgGs in serum and DBS

The IgGs concentrations obtained from paired serum/DBS samples
are reported in Table 2. IgGs levels in all subclasses showed significant
differences when analyzed in serum and DBS (p < 0.001) Generally, the
IgGs levels determined from the DBS matrix were lower than those ob-
tained from serum. The percentage of recovery from the DBS samples
was 77.0% (IQR: 68.4-86.3) for total IgG and 77.6% (IQR: 69.8-87.9)
for IgG1 of the serum values, respectively. A low recovery from DBS was
even more evident for IgG2, IgG3, and IgG4 (percentage of recovery of
54.2% (IQR: 40.9-70.7) 51.4% (IQR: 41.5-59.6), and 63.0%
(57.6-80.6), respectively).

There were statistically significant correlations between DBS and
serum concentrations by Spearman analysis for all the IgG subclasses,
ranging from r = 0.593 to 0.846 (p < 0.0001), but the Passing-Bablok
analysis revealed a poor agreement between the two methods (Fig. 1).

Table 2

1gGs concentrations (g/1) of serum and DBS paired samples. Values are expressed
as medians and IQR. Recovery indicates the percentage of IgGs concentration
recovered from DBS samples compared to serum concentration.

n serum (g/1) n DBS (g/1) Recovery (%)
total IgG
month 1 20  8.48(7.44-9.13) 20 6.77(5.39-7.10)  77.0
(72.5-84.3)
month 6 20  6.84(6.19-8.19) 20 5.73(5.14-6.40) 84.8
(73.8-92.5)
month 20 12.35 20 9.46 76.0
24 (11.3-14.13) (7.78-10.81) (67.5-83.3)
overall 60 8.89 60  6.77 (5.70-9.01 68.9
(7.00-12.15) (66.0-78.6)
IgG1
month 1 20  7.27 (6.45-8.16) 20 6.1(4.84-6.78) 78.5
(71.5-84.4)
month 6 20  6.15(5.57-7.37) 20 5.30(4.41-6.08) 87.4
(73.6-95.7)
month 20 10.95 20 7.94(6.89-9.84) 70.8
24 (9.63-12.18) (65.5-82.3)
overall 60 7.66 60 6.17 (5.18-7.71)  77.6
(6.20-10.18) (69.8-87.9)
1gG2
month 1 7 0.67 (0.59-0.79) 7 0.28 (0.26-0.29)  41.4
(40.1-50.2)
month 6 17 0.68 (0.57-0.84) 17  0.42(0.33-0.53)  65.6
(57.1-74.7)
month 15  0.90 (0.77-1.26) 15  0.44(0.33-0.54) 44.0
24 (37.1-63.3)
overall 39  0.75(0.62-1.03) 39  0.41(0.30-0.54) 54.2
(40.9-70.7)
1gG3
month 1 20 0.25(0.19-0.35) 20 0.14(0.10-0.19)  52.8
(50.4-56.6)
month 6 20 0.44 (0.32-0.55) 20 0.23 (0.18-0.31) 63.1
(51.9-68.5)
month 20  0.39 (0.32-0.68) 20 0.17 (0.13-0.26)  40.8
24 (34.9-46.4)
overall 60  0.35(0.27-0.49) 60 0.18(0.13-0.26) 51.2
(41.5-59.6)
1G4
month 1 15  0.08 (0.05-0.17) 15  0.05(0.43-0.16)  61.0
(58.1-80.2)
month 6 0.042 (0.03 -) 0.05 (0.03 -) 103.0 (72.4 -)
month 14 0.09 (0.07-0.16) 14 0.06 (0.04-0.10) 63.3
24 (54.2-72.7)
overall 32 0.082 32 0.052 63.0
(0.06-0.15) (0.04-0.10) (58.0-80.6)

The hypothesis of similarity was rejected (both slopes and intercepts did
not include the target values of 1 and 0 respectively), and the equation
created for the assessment of the agreement between the 2 methods
showed a constant bias ranging for the different IgG subclasses from
—0.135 to 1.198 and a proportional bias ranging from 0.457 to 7.28. To
overcome the large age-related variability of the data, the regression
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Fig. 1. Comparison of IgGs levels in DBS and plasma by Passing Bablok regression analysis (n = 60). with the regression line (solid line), the CI for the regression line
(grey lines), and identity line (x =y, dotted line). The different dot colors indicate the different age of the infant’s samples. 1 month: blue; 6 months: green; 24
months: orange. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

analysis was filtered for the age-groups (n = 20) (Table 3). A better
agreement between the two methods can be seen; the values obtained
for IgG, IgG1, and IgG2 with DBS and serum were comparable within the
investigated concentration range (including O in intercept and 1 in
slope), while systemic and/or proportional differences between
matched samples were found in IgG3 and IgG4 analysis.

The Bland Altman plots quantified the mean bias between the two
methods, which ranged from —2.8 g/1 for IgG to —0.02 g/1 for I1gG4
(Fig. 2).

3.3. Reproducibility of IgGs analysis from samples of the same individual
extracted from different DBS punches

To assess the reproducibility of the extraction method, we processed
2 series of punches from DBS of the same individual. Ten filter cards,

Table 3
Results of Passing Bablok regression analysis on age-based groups.

each containing four spots from the same individuals, were used to
obtain two different eluates, which were analyzed to quantify IgGs
concentrations. The mean coefficient of variation of total IgG was 6.14%
(CI: 0.20-1.30). IgGs subclasses showed coefficient of variation below
6%, and acceptable interval of confidence; IgG1, (6.14%, CI: 0.20-1.30),
IgG3 (5.6%, CI: 3.2-8.7) and 1gG4 (5.9%, CL: —0.1-12.0). For IgG2 only
6 samples in test I and 7 samples in test II were quantifiable; the mean
coefficient of variation was 12.4%, with a large confidence interval
(—2.8-22.9), indicating a significant discrepancy in repeated
measurements.

4. Discussion

Here we report the results of the quantification of IgG subclasses
analyzed on different matrices, serum, and DBS. The results, based on

Age (months) Systemic differences

Proportional differences Random differences

Intercept 95% CI Slope 95% CI RSD interval + 1.96 RSD
I1gG 1 0.676 —0.107 2.722 0.693* 0.411 0.888 0.584 +1.445
0.667 —5.327 4.121 0.739 0.253 1.616 1.519 +2.976
24 —0.843 —6.934 2.407 0.758 0.555 1.323 1.134 +2.222
1gG1 1 —1.381* —4.969 -0.224 0.977 0.815 1.477 0.533 +1.045
—0.629 —8.72 2.986 0.972 0.387 2.276 1.429 +2.801
24 —0.899 —5.917 1.601 1.379 0.999 2.201 0.708 +1.388
1gG2 1 —0.014 —0.670 0.214 0.475 0.100 1.400 0.159 +0.311
-0.177* 0.138 0.003 0.906 0.607 1.326 0.083 +1.635
24 —0.093 —0.614 0.298 0.174 1.074 0.155 +0.303
1gG3 1 0.003 —0.014 0.019 0.453 0.583 0.018 +0.039
0.012 —0.054 0.090 0.421 0.767 0.067 +0.131
24 0.039 —0.019 0.008 0.206 0.620 0.044 +0.087
1gG4 1 0.004 —0.010 0.025 0.336 0.742 0.044 +0.086
24 —0.020 —0.178 0.015 0.861** 0.461 2.500 0.089 +0.174

" Intercepts CI does not contain the value 0; the two methods might differ by at least by a constant amount.
" Slopes CI does not contain the value 1; there could be a proportional difference between the two methods.
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orange. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

paired samples reveal that the DBS method underestimates the value
obtained with the serum to an extent of 30-50%. The statistical tools
that we employed were consistent in showing that the two methods can
not be used interchangeably; importantly, when IgG evaluations of
paired samples were compared within age-based groups, most of the
results fell within required criteria of regression, indicating a constant
and proportional bias between the two sets of data (represented by
intercept and slope within 0 and 1). Our results confirm the predictable
differences between the two quantitative methods and provide specific
information to the investigators regarding how to design and carefully
interpret the quantification of immunoglobulin levels when analyzed on
the DBS matrix.

The determination of IgG levels and their subclasses can provide
information on the status of the immune system (Crum-Cianflone et al.,
2012); the HIV infection alters the transplacental passage of maternal
IgG, impacting the immunological protection of the infants during the
first months of life. Since 2000, the use of antiretroviral therapy during
pregnancy has reduced globally the case of new pediatric HIV infections
by nearly 75% (United Nations Children’s Fund, For Every Child, End
AIDS, 2016), increasing the number of HIV exposed uninfected (HEU)
infants, which in some African regions can account up to 30% of births
(Wirth et al., 2020). This fragile population shows a high rate of
vulnerability to the infections (Slogrove et al., 2020); it is believed that
the immunological dysfunction in HEU infants might be linked to an in
utero impact of HIV and of antiretroviral therapy which can alter the
development of the fetal immune system (Brennan et al., 2016; Ruck
et al.,, 2016). The IgGs distribution in infants reflects the maternal
immunological alteration; the HIV-related hypergammaglobulinemia in
mothers has a relevant impact on IgGs transplacental passage, causing in
infants important alterations in IgGs distribution and maturation (Bar-
oncelli et al., 2019).

We selected samples from HEU infants of different ages since the
development of each IgG subclass during the first two years of life has a
different age of onset and speed of synthesis, and this heterogenicity can

indicate abnormalities in the process of immune maturation. In this
view, it is important to standardize the use of DBS, which has become
the preferred non-invasive blood sampling in remote or under-resourced
geographical regions, where environmental conditions can preclude the
appropriate cold chain of transportation and storage of biological sam-
ples (Calafat and Kato, 2014; Freeman et al., 2018). In our study the DBS
hemolysis did not seem to interfere with the automatized BN ProSpec®
System protein analyzer; the erythrocytes (RBC) lysis can not be pre-
vented in the DBS method since the breakage of the erythrocytes is an
un-evitable part of the elution process; based on colorimetric confron-
tation we estimated that the final product of elution was containing
more than 1000 mg of Hb per ml (Centers for Disease Control and
Prevention, Quick-Reference Tool for Hemolysis Status, 2019).
Although we can not completely exclude some degree of interference,
we are quite confident that the hemolysis in our samples was not the
principal cause of unquantifiable or underestimation in sample readings;
the automatic system did not show any automatic alarms (provided by
the software system) and the results for all isotypes (obtained from the
same tube), showed different degree of underestimation even when they
were read at the same internal dilution (i.e. 1:100 for IgG3 and 1gG4).
Indeed, the un-quantifiable DBS samples corresponded to the sera
expressing very low IgGs titers. This occurred, to a large extent, in the
determination of IgG2 and IgG4 levels in 1, 6, and 24 months old infants.
We can only speculate that conformational differences in isotypes
structures, such as hinge conformation, number of disulfide bonds,
susceptibility to the proteolytic enzymes (Abramov et al., 1983;
Vidarsson et al., 2014), might have had a role interfering in the process
of epitopes binding necessary for detection. The better percentage of
IgGs recovery from the DBS matrix occurred in six months old infants, in
correspondence to the onset of IgG synthesis in infants and the gradual
decline of circulation of maternal IgG. Although the reason is not clear,
we can speculate that the IgGs titers in 6-month-old infants could
correspond to an adequate concentration for an optimal DBS extraction.
In this view, the DBS methodology has to face the delicate balance
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between obtaining a sufficient volume for a complete elution process
and an adequate dilution for the metabolite analyses. In our experience,
we found a good equilibrium with 20 punches (3.2 mm) eluted in a
volume of 400 pl dilution buffer.

Many attempts were performed with different elution volume or
higher number of spots, but the decreasing elution volumes resulted in
an incomplete IgGs recovery, and a larger number of spots required an
increased volume of elution that did not improve the IgGs recovery.

The Passing-Bablok regression analysis revealed a significant linear
relationship (Spearman test, p < 0.001) but not their agreement; nor
intercept nor slope included 0 and 1, indicating poor agreement between
the two sets of data. Considering that the widespread sample distribu-
tion, with significantly different age-related IgGs titers (Baroncelli et al.,
2020) might have an impact on the regression results, we repeated the
analysis for groups of age. The new test revealed that total IgG (at 6 and
24 months), and IgG1 and IgG2 (in all age groups) respected the criteria
of regression, indicating no proportional differences (slope CI 95%
including 1), nor systematic difference (intercept CI 95% including 0)
between the two methods. On the other hand, IgG3 and IgG4 values
displayed systemic differences and discordance between the two tests.
The interpretation of data seems to indicate that the discrepancy be-
tween the DBS and serum values is not constant across the whole range
of measurements but could be different at low levels as opposed to high
levels. This can also be visualized in the Bland-Altman plots, which show
a different sample distribution around the mean bias related to age. The
results reflected the underestimation already observed, which have a
different degree of discrepancy through the IgG classes. However it is
important to note that the same longitudinal IgGs trend was observed
over time for both methods, indicating that the DBS method can be
reliably used in the context of research studies.

In the current study, the reproducibility of the assays showed
reasonable results; the coefficient of variation that we found in the
repeated analysis was consistently within 7% for all IgG isotypes and
only IgG2 showed a higher variability, which seems to reflect the IgG2
determination near the assay quantification limits. Considering that the
analysis was repeated on samples from the same individual from a
different set of punches, we can be confident to have a good standard-
ization of the elution process, during which different factors can influ-
ence the final results.

This study has limitations, some of them intrinsic to the DBS system;
first, the hematocrit effect, which directly impacts on plasma/blood
ratio and can limit the homogeneity of spotting on filter paper (Freeman
et al., 2018). Moreover, capillary samplings in neonates generally show
higher hematocrit values than venous samples (Esan, 2016) enhancing
the discrepancy in DBS/serum comparison. The long term storage of our
samples (more than 10 years) is another limit in the study. In previous
studies, the detection of nucleic acids from DBS was still reliable after
5-15 years of cool storage (Malsagova et al., 2020), but only a few data
are available on long term stability of proteins or other metabolites;
although IgGs are considered relatively stable proteins, and the samples
in this study had received appropriate storage (—80 °C for serum and —
20 °C for DBS) we cannot exclude a time differential impact on IgG
isotypes stability. Another limitation of the study is that the volume
necessary to elute the spots brought the dilutions of the samples near the
assay limit for nephelometric assays. Nevertheless, the nephelometric
system has the important advantage in producing highly reproducible
results, even when working in the lower portion of the calibration
curves.

5. Conclusions

In conclusion, the DBS system in the quantification of IgGs should be
used carefully: the levels obtained using DBS are generally lower than
the corresponding serum levels and the statistical analysis, although
showing a significant correlation between the two determinations,
underlined a discrepancy between the two methods We believe
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therefore that the DBS method for its practical advantages in the
collection, storage and shipment can be reliably used in the context of
research studies, while its use in the diagnostics laboratories could be
limited.
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