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Abstract 12 

A sensitive assay for detection of HIV-1 p24 antigen with inductively coupled plasma mass 13 

spectrometry (ICP-MS) was developed by biotin – streptavidin (BA) system and gold nanoparticle 14 

(Au NPs) based immunoassay. In this immunoassay, p24 antigen was firstly captured by 15 

immobilized anti-HIV-1 p24 monoclonal antibody. After the immunoreactions with biotinylated 16 

anti-p24 polyclonal antibody and Au NPs - labeled streptavidin, a diluted HNO3 (5%, v/v) was 17 

used to dissociate Au NPs, which was then introduced to the ICP-MS for measurements. Under the 18 

optimized conditions, the calibration graph for p24 antigens was linear in the range of 7.5–75 pg 19 

mL
−1

 with a detection limit of 1.49 pg mL
−1

 (3σ, n=5). The relative standard deviation (RSD) for 20 

three replicate measurements of 37.5 pg mL
−1

 of p24 antigens was 3.7 %. Other proteins, such as 21 

human IgG, human HSA, human CEA and human AFP did not obviously interfere with the assay 22 
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 2

for p24 antigen. This method was also applied to measure p24 concentrations in artificially 1 

positive human serum samples. Comparing with the biotin – streptavidin enzyme-linked 2 

immunosorbent assay (BA-ELISA) method for p24 antigen detection, the ICP-MS linked 3 

immunoassay process deals with Au NPs - tagged instead of enzyme-conjugated antibodies, 4 

making it free of toxic enzyme substrate reagents. In addition, it also simplifies the experimental 5 

process and saves the experimental time, since the color rendering steps are omitted. The proposed 6 

approach provides a sensitive method for HIV-1 p24 antigen determination. 7 

8 
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 3

1 Introduction  1 

Human immunodeficiency virus (HIV) infection, which causes acquired immunodeficiency 2 

syndrome (AIDS) in humans, is considered pandemic by the World Health Organization (WHO).
1 

3 

Two closely related types of HIV, designated HIV-1 and HIV-2, have been identified. HIV-1 has a 4 

higher toxicity than HIV-2 and is by far the most common cause of AIDS. Detection of HIV-1 p24 5 

antigen will reduce the diagnostic window between the time of human immunodeficiency virus 6 

(HIV) infection and laboratory diagnosis than detection of anti-HIV antibody. Therefore, detection 7 

of HIV-1 p24 antigen in serum or plasma is one of the traditional methods for early diagnosis of 8 

HIV-1 infection. 9 

Several methods have been developed to determine p24 antigen, including boosted 10 

enzyme-linked immunosorbent assay (ELISA),
2-5

 real-time immuno–polymerase chain reaction 11 

(IPCR),
6
 magnetic immuno-chromatography (MICT),

7
 immunosensor,

8,9
 biobarcode amplification 12 

(BCA) assay
10,11

 and colorimetric detections with naked eyes,
12

 etc. Among these, ELISA is the 13 

most common method for the detection of HIV-1 p24 antigen due to its specificity, simplicity, and 14 

low cost over various instrumental methods.
13

 However, the conventional HIV-1 p24 ELISA is 15 

relatively insensitive and, thus, has limited clinical usefulness. The biotin– streptavidin (BA) 16 

system, which is based on the high affinity of streptavidin for biotin (affinity constant=10
15 

mol
−1

), 17 

offers the possibility of improving the sensitivity of immunoassays, which makes ELISAs more 18 

effective.
14

 Streptavidin binding to biotin is specific enough to ensure that the binding is directed 19 

only to the target of interest. Biotin is a small molecule (244.31 Da) that, when introduced into 20 

biologically active macromolecules, in most cases does not affect their biological activity, e.g., 21 

enzymic catalysis or antibody binding.
15

 Thus, the BA system has been introduced into enzyme 22 
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 4

immunoassays by most commercial ELISA kit for p24 antigen determination. Nonetheless, the 1 

BA-ELISA method remains time-consuming and is often limited by a moderate sensitivity. 2 

Element tagged immunoassays combined with inductively coupled plasma mass spectrometry 3 

(ICP-MS) detection have become an emerging technique in the analysis of bio-samples.
16,17 

4 

Compared with traditional immunoassays, ICP-MS linked immunoassay deals with 5 

element-tagged instead of radio isotope-tagged or enzyme-conjugated antibodies, making it free of 6 

radioactive isotope or toxic enzyme substrate reagents.
18

 In the past years, several reports on 7 

ICP-MS linked immunoassay using element - labeled reagents for the detection of various 8 

biomolecules had been published. For example, Eu
3+

,
19-22

 Ru
2+

,
23

 Lanthanide
24-26 

-chelate antibody 9 

conjugates had been used to develop both direct competitive and non-competitive immunoassays. 10 

Another distinguishing feature of ICP-MS linked immunoassay is that high sensitivity could be 11 

easily obtained by the use of the nanoparticles (NPs) tag instead of metal ions, due to large 12 

quantities of detectable atoms in each NPs tag.
27,28

 The nanomaterials that have been used in 13 

label-based immunoassays by ICP-MS include metal NPs (e.g. Au,
27, 29-33

 Ag), semiconductor NPs 14 

(quantum dots (QDs), e.g. PbS,
34

 TiO2
35

) and so on. Moreover, the ICP-MS linked immunoassays 15 

also enables multiplexed and absolute quantification of proteins based on elements or NPs 16 

labeling,
36-41

 etc.  17 

In this work, we developed a sensitive assay with BA system and Au NPs based 18 

immunoassay by ICP-MS to detect HIV-1 p24 antigen in human serum. After a typical 19 

sandwich-type immunoreaction among anti-HIV-1 p24 monoclonal antibody, p24 antigen, 20 

biotinylated anti-p24 polyclonal antibody and Au NPs - labeled streptavidin, the captured AuNPs 21 

were released and quantitatively detected by ICP-MS to indirectly determine the p24 antigen 22 
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 5

concentration. The immunoreaction conditions of the dilute ratio of Au NPs - labeled streptavidin 1 

and biotinylated anti-p24 polyclonal antibody were optimized. The specificity of the proposed 2 

ICP-MS linked immunoassay was also investigated. Furthermore, it had also been applied to 3 

measure p24 concentrations in artificially positive human serum samples. Concentrations of p24 in 4 

human serums determined by the ICP-MS linked immunoassay were also cross validated with the 5 

results of BA-ELISA. 6 

2 Experimental 7 

2.1 Apparatus 8 

Gold measurements were performed using an ICP-QMS (Agilent 7700x, Tokyo, Japan). The 9 

optimized parameters were listed in Table 1. The BA-ELISA results were obtained by measuring 10 

the absorbance at 450 nm with the microplate reader (Multiskan MK3, Thermo, USA). 11 

2.2 Reagent and materials 12 

HIV-1 p24 antigen standards, biotinylated anti-p24 polyclonal antibody (origin concentration, 13 

1.5 µg mL
-1

) and 96-wells ELISA microplates were obtained from Wuhan Institute of Virology, 14 

Chinese Academia of Science (Wuhan, China). Bovine serum albumin (BSA) was purchased from 15 

Wuhan ChuChengZhengMao Science and Technology Engineering Co. Ltd. (Wuhan, China). 16 

Tween 20 was purchased from Sigma–Aldrich Chemical Co. (St. Louis, MO, USA). Au NPs (15 17 

nm) - labeled streptavidin (origin concentration, 400 µg mL
-1

) was purchased from Beijing 18 

Biosynthesis Biotechnology Co. (Beijing, China). Human immunoglobulin G (IgG), human serum 19 

albumin (HSA), human alpha-fetoprotein (AFP) and human carcinoembryonic (CEA) were 20 

purchased from Uscn Life Science Inc. (Wuhan, China). Unless otherwise stated, all the other 21 

reagents used in this study were of analytical grade and obtained from Sinopharm Chemical 22 
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 6

Reagent Beijing Co. Ltd. (Beijing, China).  1 

Control blood samples from healthy persons were provided by volunteers of China 2 

University of Geosciences (Wuhan, China). Serum samples were prepared from whole blood by 3 

centrifuging at 10,000 × g for 5 min in a serum separation vial and then stored as aliquots at −20℃ 4 

until analysis. 5 

2.3 Buffers 6 

The buffers and solutions used were:  7 

(1) phosphate buffer (PBS): 8.0 g of NaCl, 3.58 g of Na2HPO4·12H2O, 0.27 g of KH2PO4 and 0.2 8 

g of KCl dissolved in 1 L distilled water (pH 7.4);  9 

(2) coating buffer: 1.59 g of Na2CO3 and 2.93 g of NaHCO3 in 1 L distilled water (pH 9.6);  10 

(3) blocking buffer: 5% (w/v, g L
−1

) BSA in PBS. The blocking solution was stored at 4℃ and 11 

used within a week;  12 

(4) washing solution (PBST): 0.24 g of KH2PO4, 2.9 g of Na2HPO4·12H2O, 8.0 g of NaCl, 0.2 g 13 

of KCl and 0.1% Tween 20 (v/v) in 1 L distilled water (pH 7.4);  14 

(5) assay solution: 1% (w/v, g L
−1

) BSA in PBS.  15 

All buffers were prepared using water (18.2 MΩ cm
−1

) from a Milli-Q water purification system 16 

(90005-02, Labconco water pro ps, Canada). 17 

2.4 Immunoassay Protocol 18 

The immunoassay was conducted by following the typical procedure for sandwich-type 19 

immunoreaction (Fig. 1). Initially, a polystyrene 96-well microtiter plate was coated using 100 µL 20 

of anti-HIV-1 p24 monoclonal antibody (diluted to 10 µg mL
-1

 with coating buffer) and incubated 21 

at 4℃ overnight. The unbound antibody was washed twice with 300 µL of washing solution 22 
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 7

(PBST) to remove any unbound antibody, and the uncoated active sites of polystyrene substrate 1 

were saturated with 125 µL of blocking buffer, in which BSA was used as a blocking agent to 2 

minimize nonspecific adsorption of the antigens in the next step. 75 µL of diluted HIV-1 p24 3 

antigen standards or serum samples and 25 µL of biotinylated anti-p24 polyclonal antibody were 4 

pipetted into the wells together and incubated for 1 hour at 37℃. Unbound antigen and antibody 5 

were removed from the plate with 300 µL of washing solution (five times). Then 100 µL of Au 6 

NPs - labeled streptavidin was added to each well and incubation for 30 min at 37℃ followed by 7 

washing five times with PBST. At last, a 200 µL aliquot of 5 % (v/v) HNO3 solution was added to 8 

each well and shaking for 10 min to dissociate Au NPs from the immunoassay complex. Samples 9 

were diluted to 4 mL with 5 % HNO3 solution and introduced to the ICP-MS for determination by 10 

peristaltic pump. The 
197

Au intensities by ICP-MS were proportional to the concentrations of 11 

HIV-1 p24 antigen in the sample. External calibration was used for the quantitative determination 12 

of HIV-1 p24 antigen. In was used as internal standard element of Au to correct the fluctuation of 13 

the instrument.  14 

3 Result and discussion 15 

3.1 Effect of dilute ratio of Au NPs - labeled streptavidin 16 

During the sandwich immunoassay, the dilution ratio of Au-NPs labeled antibody is a key 17 

factor affecting the detection sensitivity and the nonspecific binding of Au-NPs labels.
42

 In this 18 

work, the influence of diluted ratio of Au NPs - labeled streptavidin on Au signal / background 19 

intensity ratio (S/B) was investigated from 1:800 to 1:100 to obtain a favorable S/B value (Fig. 2). 20 

The Au signal intensities were all investigated with a p24 antigen concentration of 75 pg mL
-1

. 21 

The Au background intensities had been tested as described in section 2.4, but using assay solution 22 
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 8

instead of p24 antigen. It was found that the Au signal and background intensities were all 1 

increased with the decrease of diluted ratio of Au NPs - labeled streptavidin. When the diluted 2 

ratio was lower than 1:400, the Au background intensities were increased sharply and even higher 3 

than the Au signal intensities. Au-NPs labels in high concentration are usually used to provide 4 

high sensitivity for the high concentration range of analyte. However, nonspecific binding of 5 

Au-NPs mainly derived from charge attraction, hydrophobic absorption and dative binding is 6 

increased accordingly with the increase of Au-NPs labels concentration.
30 

Thus, the background 7 

intensities caused by nonspecific binding of Au-NPs in this paper also increases with the increase 8 

of Au-NPs labels concentration. As shown in Fig. 2, the maximal S/B value was obtained at the 9 

diluted ratio of 1:400. Therefore, a dilute ratio of 1:400 was chosen for the subsequent 10 

experiments. 11 

3.2 Effect of dilute ratio of biotinylated anti-p24 polyclonal antibody 12 

The dilute ratio of the biotinylated anti-p24 polyclonal antibody was also optimized in Fig. 3. 13 

The Au signal intensities were also investigated with a p24 antigen concentration of 75 pg mL
-1

. 14 

As can be seen that the Au signal intensities did not changed significantly with the diluted ratio of 15 

biotinylated anti-p24 changed from 1:10000 to 1:100, but the Au background intensities with 16 

assay solution instead of p24 was increased obviously with the decrease of diluted ratio of 17 

biotinylated anti-p24 and the maximal ratio of Au signal intensity and Au background intensity 18 

nearly 8 was obtained at the diluted ratio of 1:10000. The little decrease of Au signal at the small 19 

dilution factors might be due to the experiment error. Considering the concentration of 20 

biotinylated anti-p24 with higher diluted ratio may not be enough to cover the antigen, thus the 21 

diluted ratio higher than 1:10000 was not investigated. Therefore, a diluted ratio of 1:10000 for 22 
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 9

biotinylated anti-p24 was chosen for the later studies.  1 

3.3 Specificity of the immunoassay 2 

Four proteins in place of p24 antigen were tested with the same experimental procedure for 3 

the specificity study (Fig. 4). These tested proteins are either abundant (eg. human IgG, human 4 

HSA) or pathogenetic proteins (eg. human CEA and human AFP) in serum. The Au net-signal 5 

intensities here were calculated by subtracting the Au background intensities with assay solution 6 

from the Au signal intensities tested by different proteins. It can be seen that only the p24 could be 7 

recognized in the sandwich-type immunoreaction. Human AFP, human CEA, human IgG or 8 

human HSA did not significantly interfere with the determination of p24. It indicated our proposed 9 

method had good specificity toward the target protein. Since the tested concentrations of the CEA, 10 

AFP, IgG and HSA are close or higher to the concentrations in real healthy adult serum, this 11 

ICP-MS linked immunoassay is capable of efficiently detecting p24 antigen in human serum. 12 

3.4 Analytical performance 13 

Under the optimal conditions, the analytical performance of the developed ICP-MS linked 14 

immunoassay for the detection of p24 antigen had been carried out. As shown in Fig. 5a, the Au 15 

signal intensities were linear with the concentration of p24 antigen in the range from 7.5 to 75 pg 16 

mL
-1

 with a correlation coefficient of 0.995. The precision for three replicate measurements of 17 

37.5 pg mL
−1

 p24 antigens was 3.7 % (the relative standard deviation, RSD). The detection limit 18 

(LOD, 3σ) of the developed method for p24 antigen was 1.49 pg mL
-1

, where σ is the standard 19 

deviation of five repetitive measurements of assay solution blank, corresponding to 4.65 amol of 20 

absolute molar mass. In addition, the analytical merit of BA-ELISA for p24 antigen determination 21 

was also studied in our work (Fig. 5b). The linear range of p24 antigen was found between 15 and 22 
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 10

150 pg mL
-1

 with a correlation coefficient of 0.997 and the LOD (3σ) of p24 antigen was 10.6 pg 1 

mL
-1

. The narrow linear dynamic range of BA-ELISA might be caused by the nonspecific 2 

adsorption of HRP-labeled streptavidin occurred in the surface of microtiter plate. A comparison 3 

of analytical performance of the present method with those of other methods for the determination 4 

of p24 antigen is given in Table 2. The LOD of the ICP-MS linked immunoassay has around 1 5 

order of magnitude improvement compared to that of amperometric immunosensor
44 

and magnetic 6 

immuno-chromatography
7
, although it is still higher than capacitive immunosensor

8
 and 7 

plasmonic ELISA
12

, indicated that this method still needs to improve sensitivity in biological 8 

application.  9 

3.5 Application 10 

For the analysis of spiked serum samples by our proposed method, p24 antigen was spiked 11 

into 5000 and 10-fold diluted healthy adult serums with assay solution and reached final 12 

concentrations of 37.5, and 75 pg mL
−1

, separately. Samples were analyzed in triplicate, and the 13 

average signal response was used to calculate the p24 concentration from the standard curve 14 

obtained prior to analysis. The percentage recoveries were calculated and were summarized in 15 

Table 3. The better recoveries seen in the highly diluted samples may be indicative of a “washing 16 

out” of matrix effects caused by nonspecific adsorption. Therefore, dilution was necessary for real 17 

human serum determination.  18 

The appropriate validation of a new analytical method is always the most crucial stage of its 19 

development. The most valuable evaluating protocol is usually by comparing the developed 20 

method with a different method that is commonly used in routine analysis or accepted as a 21 

reference method for a given analyte and matrix
9
. In the present work, BA-ELISA was selected 22 
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 11

since it is widely used in conventional p24 determination. However, since the patient serum with 1 

AIDS was difficult to get in our lab, a preliminary evaluation of the validity of the proposed 2 

ICP-MS linked immunoassay in artificially positive human serum samples was performed. We 3 

added 30 ~ 80 pg mL
-1

 p24 standards to normal human serum (diluted 10-fold) for a simulation 4 

and both determined by ICP-MS linked immunoassay and BA-ELISA for a comparison. The 5 

results were shown in Table 4. It was demonstrated that results from our method agreed well with 6 

those from BA-ELISA, indicating that the present method could be applied to real clinical 7 

samples.  8 

4 Conclusion 9 

A feasibility study for sensitive analysis of HIV-1 p24 antigen using a sensitive assay with 10 

BA system and Au NPs - based ICP-MS immunoassay was demonstrated. Owing to the Au NPs 11 

amplification process, the new detection approach achieved high detection sensitivity with 4.65 12 

amol. Another advantage of the proposed strategy is its elimination of enzymatic reactions, 13 

making it free of toxic enzyme substrate reagents. Moreover, the reagents are either biotinylated or 14 

labeled with streptavidin; thus, the systems are easily adapted to detection of other biomolecules. 15 

This ICP-MS linked immunoassay is promising for sensitive detection other proteins. Further 16 

studies also can focus on how to decrease the nonspecific adsorption ratio of Au NPs and further 17 

improve its detection sensitivity by using single particle detection mode. 18 
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Figures and Tables Captions 1 

Fig. 1 Schematic diagram of the sensitive assay with BA system and Au NPs based immunoassay 2 

for p24 antigen determination by ICP-MS. 3 

Fig. 2 Effect of Au NPs - labeled streptavidin diluted ratios. (Concentration of p24 antigen and 4 

dilute ratio of biotinylated anti-p24 polyclonal antibody, 75 pg mL
-1

 and 1:100; error bars in 5 

the figure represent standard deviations of the results.) 6 

Fig. 3 Effect of biotinylated anti-p24 diluted ratios. (Concentration of p24 antigen and dilute ratio 7 

of Au NPs - labeled streptavidin, 75 pg mL
-1

 and 1:400; error bars in the figure represent 8 

standard deviations of the results.) 9 

Fig. 4 Specificity for the determination of p24 antigen using the proposed immunoassay. 10 

(Concentration of p24, 75 pg mL
-1

; concentration of AFP and CEA, 100 ng mL
-1

; 11 

concentration of IgG, 10 mg mL
-1

; concentration of HSA, 100 mg mL
-1

; dilute ratio of 12 

biotinylated anti-p24 polyclonal antibody and Au NPs - labeled streptavidin, 1:10000 and 13 

1:400; error bars in the figure represent standard deviations of the results.) 14 

Fig. 5 Dependence of Au signal intensity with ICP-MS linked immunoassay (a) and OD value 15 

with BA-ELISA (b) on p24 antigen concentration. (Condition of ICP-MS linked 16 

immunoassay: diluted ratio of biotinylated anti-p24 polyclonal antibody and Au NPs - 17 

labeled streptavidin, 1:10000 and 1:400; condition of BA-ELISA: biotinylated anti-p24 18 

polyclonal antibody with no dilution.) 19 

 20 

Table 1 Operating parameters for ICP-QMS. 21 

Table 2 Comparison of performances of the proposed ICP-MS linked immunoassay with other 22 
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different approaches for the determination of p24 antigen. 1 

Table 3 Recoveries of spiked p24 antigens in serum samples. 2 

Table 4 Analytical results of HIV-1 p24 antigens in artificially positive serum samples by ICP-MS 3 

linked immunoassay and BA-ELISA. 4 
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 1 

Fig. 1 Schematic diagram of the sensitive assay with BA system and Au NPs based immunoassay 2 

for p24 antigen determination by ICP-MS.3 
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 1 

Fig. 2 Effect of Au NPs - labeled streptavidin diluted ratios. (Concentration of p24 antigen and 2 

dilute ratio of biotinylated anti-p24 polyclonal antibody, 75 pg mL
-1

 and 1:100; error bars in 3 

the figure represent standard deviations of the results.) 4 
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 1 

Fig. 3 Effect of biotinylated anti-p24 diluted ratios. (Concentration of p24 antigen and dilute ratio 2 

of Au NPs - labeled streptavidin, 75 pg mL
-1

 and 1:400; error bars in the figure represent 3 

standard deviations of the results.) 4 

Page 19 of 25 Journal of Analytical Atomic Spectrometry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Jo
ur

na
lo

fA
na

ly
tic

al
A

to
m

ic
S

pe
ct

ro
m

et
ry

A
cc

ep
te

d
M

an
us

cr
ip

t



 20

 1 

Fig. 4 Specificity for the determination of p24 antigen using the proposed immunoassay. 2 

(Concentration of p24, 75 pg mL
-1

; concentration of AFP and CEA, 100 ng mL
-1

; 3 

concentration of IgG, 10 mg mL
-1

; concentration of HSA, 100 mg mL
-1

; dilute ratio of 4 

biotinylated anti-p24 polyclonal antibody and Au NPs - labeled streptavidin, 1:10000 and 5 

1:400; error bars in the figure represent standard deviations of the results.) 6 
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 1 

Fig. 5 Dependence of Au signal intensity with ICP-MS linked immunoassay (a) and OD value 2 

with BA-ELISA (b) on p24 antigen concentration. (Condition of ICP-MS linked 3 

immunoassay: diluted ratio of biotinylated anti-p24 polyclonal antibody and Au NPs - 4 

labeled streptavidin, 1:10000 and 1:400; condition of BA-ELISA: biotinylated anti-p24 5 

polyclonal antibody with no dilution.) 6 

 7 
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Table 1 Operating parameters for ICP-QMS. 1 

Parameter Description 

ICP RF power(W) 1400 

Carrier gas flow rate (L min
-1

) 0.69 

Diluted gas flow rate (L min
-1

) 0.52 

Sample uptake rate (mL min
-1

) 1.0 

Integrated time (s) 1.5 

Acquisition time (s) 9.7 

Sampling depth (mm) 8 

Replicates 3 

Isotope used 
197

Au 

Internal standard used 
115

In 
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Table 2 Comparison of performances of the proposed ICP-MS linked immunoassay with other 1 

different approaches for the determination of p24 antigen. 2 

Approaches 
Limit of detection 

(pg mL
-1

) 
Ref 

Cytometric bead-based assay 0.43 43 

Magnetic immuno-chromatography 15–30 7 

Nanofunctionalized Surfaces in a Capacitive 

Immunosensor 
7.9×10

-8
 8 

Biobarcode amplification assay with europium NPs 0.5 10 

Amperometric immunosensor with gold 

nanoparticles, multi-walled carbon nanotubes and an 

acetoneextracted propolis film 

6.4 9 

Plasmonic ELISA with the naked eye 1×10
-6

 12 

Amperometric Immunosensor with polyelectrolyte 

/gold magnetic nanoparticle 
50 44 

ICP-MS linked immunoassay with Au NPs 1.49 
This work 

BA-ELISA 10.6 
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Table 3 Recoveries of spiked p24 antigens in serum samples. 1 

Dilution p24 spiked (pg mL
-1

) Recovery (%) 

5000 
37.5 92.0±8.0

a
 

75 96.6±10.2 

10 
37.5 119.6±3.6 

75 123.3±11.2 
a 
Standard deviation (n = 3). 

 2 
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Table 4 Analytical results of HIV-1 p24 antigens in artificially positive serum samples by ICP-MS 1 

linked immunoassay and BA-ELISA. 2 

Sample ICP-MS linked immunoassay BA-ELISA  

1 44.6±1.6
a
 35.3±1.5 

2 92.2±8.7 65.5±3.7 
a 
Standard deviation (n = 3). 

 3 
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