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ABSTRACT 
 
Objective. To describe a fully monoclonal sandwich enzyme-linked 
immunosorbent assay (ELISA) for quantification of the human acute-phase 
apolipoprotein serum amyloid A protein (SAA). 
Methods. Monoclonal murine antibodies were raised against apo-SAA isolated 
from the HDL fraction of pooled acute-phase sera. Two antibodies were selected 
for the ELISA that recognized different epitopes on SAA: one (Reu.86.5) was 
coated to the microtiter plate (capture antibody), whereas the second (Reu.86.1) 
was coupled to peroxidase (detector antibody). 
Results. Both monoclonal antibodies were highly specific for SAA. Antibody 
Reu.86.5 reacted with SAA1 and SAA2 subtypes, whereas Reu.86.1 reacted 
probably only with SAA1, the major SAA subtype. The lowest detection limit of the 
ELISA for SAA was 8 μg/L. Pretreatment of test samples was not necessary, 
plasma and serum levels did not differ, and rheumatoid factors did not interfere 
with the assay. Both the intra-assay and interassay coefficients of variation were 
lower than 10%. The 95% upper limit of the basal reference interval for serum of 
healthy controls was 4.3 mg/L. SAA differed from CRP among various diseases 
and individuals. Glucocorticoid therapy was associated with relatively high SAA 
levels compared to CRP. 
Conclusions. This monoclonal antibody-based sandwich ELISA is a reproducible 
method for quantification of SAA in serum, permitting standardization, inter-
laboratory comparability and general availability. The lowest detection limit is 
8 μg/L, allowing its use in biological fluids and in in-vitro systems. SAA and CRP 
serum levels differ considerably among patients and diseases. Measuring only 
CRP may seriously underestimate actual SAA serum levels, especially during 
glucocorticoid therapy. 
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INTRODUCTION 
 
The acute-phase proteins serum amyloid A protein (SAA) and C-reactive protein 
(CRP) reflect the severity of inflammation in acute and chronic inflammatory 
diseases. CRP assays are generally available and CRP is routinely used as 
serological marker of inflammation. However, SAA is sometimes more useful than 
CRP. Firstly, because in some diseases SAA seems to be a more sensitive marker 
of inflammation than CRP [1, 2], such as malignancies [3], rheumatic diseases [4-
8], inflammatory bowel diseases [9], exudate [10], renal allograft rejection [11], 
infectious diseases [12-18], and cardiovascular diseases [19-24]. Secondly, 
because SAA is the precursor protein of AA amyloid fibrils [25]. Sustained elevation 
of SAA serum levels may result in rapid deterioration of renal function in patients 
with AA amyloidosis [26-28]. Current therapy of AA amyloidosis is focused on cure 
or at least suppression of the associated inflammatory disease, thereby stopping 
ongoing production and supply of SAA that is processed into AA amyloid fibrils [27, 
28].  
 Therefore, monitoring the SAA concentration in blood is sometimes 
preferred to CRP or even mandatory. Quantification of SAA, however, remains a 
problem in routine clinical practice. Although many different assays have been 
developed since the discovery of SAA in 1973 [29], few have proved to be 
satisfactory and currently available for general use. Apart from standardization and 
technical differences, only a few specific antibodies directed to human SAA are 
generally available. We produced a panel of monoclonal murine anti-human SAA 
antibodies and set up an enzyme-linked immunosorbent assay (ELISA) for SAA 
that can be used in general clinical practice. Objective of this study was to describe 
this fully monoclonal sandwich ELISA for quantification of human SAA and to 
compare it with CRP in a number of diseases. 
 
 
PATIENTS AND METHODS 
 
Study design 
We describe the development of a fully monoclonal antibody-based sandwich 
ELISA for quantification of SAA concentration in blood and in other biological fluids. 
Monoclonal murine antibodies were raised against apo-SAA isolated from the high 
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density lipoprotein (HDL) fraction of pooled acute-phase sera. Two antibodies were 
selected to be used in the ELISA and compared with a standard polyclonal rabbit 
antibody raised against amyloid A protein isolated from tissue AA amyloid. The 
specificity of the polyclonal and two monoclonal antibodies was tested and 
confirmed by several techniques. The lowest detection limit of the ELISA was 
established, the coefficients of variation were calculated, denaturing conditions 
were tested, and the 95% reference interval of basal control values was assessed. 
CRP and SAA serum values were studied in patients with several inflammatory and 
malignant diseases, with particular attention to the effect of concurrent use of 
glucocorticoids. 
 
Human AA protein 
AA amyloid fibrils were isolated from the thyroid of a patient with systemic 
amyloidosis (protein VIS) according to the water extraction method of Pras [30]. 
The amyloid fibril protein was purified by serial gel filtration on Sepharose CL-6B 
and Sephadex G-50 (Pharmacia, Uppsala, Sweden). Purity and molecular weight 
were assessed by sodium dodecyl sulphate-polyacryl amide gel electropheresis 
(SDS-PAGE). Amino acid composition was determined with a Contron Liquimat III 
analyzer. Amino acid sequence analysis was performed by automated Edman 
degradation on a Beckman 890 C sequencer [31]. 
 
Human apo-SAA 
Apo-SAA was isolated from pooled serum obtained from 150 patients with active 
inflammatory conditions (CRP >100 mg/L). The HDL3 fraction was isolated by 
preparative ultracentrifugation in a Beckman L5 65 ultracentrifuge [32], followed by 
delipidation [33] and gel filtration on Sephadex G-100. Final purification of apo-SAA 
was achieved by high-performance liquid chromatography (HPLC) and dialysis to 
0.01 M phosphate-buffered saline (PBS), pH 7.4. The molecular weight was 
estimated by SDS-PAGE (Phast System, Pharmacia). The actual SAA 
concentration was established by quantitative amino acid analysis. Results were 
compared with those of the Bradford [34] and the Lowry [35] assay - both using 
bovine serum albumin (BSA) as reference - and with the optical density at 280 nm 
(E280). Reconstitution of an exact quantity of purified apo-SAA into normal plasma 
provided the standard of the assay. Finally the concentration was recalculated to 
the international standard for SAA (0.15 IU per ampoule, WHO code 92/680) [36]. 
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Polyclonal rabbit antibody to human AA (Ra.34) 
Antiserum to amyloid A protein (AA) was produced in rabbits after repeated 
immunization with NaOH-denatured amyloid fibrils. Anti-AA antibodies were 
purified from this crude antiserum by affinity chromatography using purified AA 
coupled to CNBr-activated Sepharose-4B (Pharmacia) to a final antibody 
concentration of 0.04 g/L [37]. These antibodies (Ra.34) were tested against AA, 
SAA, amyloid P component (AP), light chain-derived amyloid protein (AL), CRP 
and human immunoglobulin G (IgG) in ELISA. Reactivity in immunohistochemistry 
was determined on sections from AL and AA amyloid and control tissues. 
 
Monoclonal mouse anti-SAA antibodies (Reu.86.1 and Reu.86.5) 
Purified apo-SAA was linked to Helix Pomatia Haemocyanin (HPH) with 
glutaraldehyde (GA): SAA (0.1 mg/mL) and HPH were mixed 1:3 (w/w) and 
coupled with GA at a final GA concentration of 7mM and a total protein 
concentration of 0.25 g/L for 30 min at room temperature. The reaction was 
stopped by the addition of glycine (final concentration 0.1 M) for 30 min followed by 
extensive dialysis to PBS. 
 Balb/C mice were immunized with this SAA-HPH complex together with 
complete Freund’s adjuvant 1:1 (v/v) 1 mL intraperitoneally in a final SAA dosage 
of 0.03 mg. After the second immunization the presence of antibodies was 
confirmed, followed by a final intravenous booster with SAA-HPH. After 3 days 
spleen cells were fused with the myeloma cell-line Sp2-0 [38]. This resulted in 15 
clones producing different antibodies that were tested for reactivity to apo-SAA as 
well as to NaOH-denatured AA amyloid fibrils dissolved in guanidine. A panel of 
five monoclonal antibodies were selected to proceed with because of excellent 
reactivity. Two of these antibodies (Reu.86.1 and Reu.86.5), both belonging to the 
IgG1 subclass, were selected for the assay. The reactivity of the Reu.86.1 and 
Reu.86.5 antibodies was tested against AA, apo-SAA, AP, AL, and human IgG in 
ELISA and in immunohistochemistry on sections from AL and AA amyloid 
containing tissues and control tissues.  
 
SDS-PAGE with immunoblotting 
Samples were denatured in SDS-ß-mercaptoethanol and run on a 15% 
polyacrylamide (PAA) gel. Subsequently the proteins were blotted for 1.5 hr in a 
semi dry electroblotter (Ancos APS, Olstykke, Denmark) onto nitrocellulose 



Chapter 2 

 24 

membranes (Schleicher and Schuell, Dassel, Germany; BA-35 pore size 0.2 μm). 
After blotting, the controls for molecular weight were cut off and stained with 0.1% 
Amido Black. The remaining membrane was blocked overnight in 0.01 M Tris-HCl, 
0.15 M NaCl, 3% BSA, 1% Triton X-100, pH 8.0. After washing in PBS, the 
membranes were probed with the antibodies (Reu.86.1 and Reu.86.5 culture 
supernatants diluted 1:25, Ra.34 concentration 0.4 μg/mL and with control 
antibodies) for 3 hr at room temperature by slowly shaking. All incubations were 
done in PBS, 0.3% BSA and 0.5% Triton X-100, pH 7.4. After washing the blot was 
incubated with the appropriate peroxidase-conjugated antibodies (final dilution 
1:250) for 1.5 hr. The complexed antibody was visualized by incubating the blot for 
10 min in a mixture of 50 mL 0.02 M Tris-HCl, 0.15 M NaCl, pH 7.5 and a solution 
of 30 mg 4-Chloro-1-naphtol (Sigma, St Louis, USA) in 10 mL methanol together 
with 75 μL 30% H2O2. The reaction was terminated by washing the blot in water. 
 
Isoelectric focusing and immunochemical detection of SAA subtypes 
Dialysed serum samples, without prior isolation of HDL3 fraction, were focused with 
pH 3.5-10 ampholytes (BioRad Laboratories) in a flatbed apparatus (LKB 2117 
Multiphor) according to the method described by Strachan et al [39] with some 
modifications. The 1.5 mm thick gel consisted of 5% (w/v) acrylamide, 8% (v/v) 
ampholytes, and 7M Urea. The circulating coolant was at 10°C.  Prefocusing was 
performed at 25W (max.) and 300V for 30 minutes. After sample application the 
focusing was performed for 3 hr at 5W. At the end of the focusing, a strip of gel 
was cut into 0.5 x 1.0 cm pieces, which were placed in 2 mL distilled water for 
checking the pH gradient. Another strip with reference markers (BioRad 
Laboratories) was fixed and stained with Coomassie Brilliant Blue. 
 The focused proteins were transferred onto 0.2-μm nitrocellulose 
membranes (Schleicher and Schuell) by capillary blotting for 2 hr at room 
temperature. After the blotting the nitrocellulose sheet was blocked for 1 hr at 37 
°C followed by incubation overnight at room temperature with antibodies Ra.34, 
Reu.86.1, and Reu.86.5. The incubation with the appropriate horseradish 
peroxidase (HRPO)-labeled second antibodies were performed for 1.5 hr at room 
temperature followed by detection with the chromogenic substrate 4-Chloro-1-
naphtol. 
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Two sandwich ELISAs: polyclonal and hybrid poly/monoclonal-based 
Microtiter plates (Greiner GmbH, Nürtingen, Germany) were coated overnight at 
room temperature with polyclonal anti-AA (Ra.34) 1 mg/L in 0.1 M carbonate 
buffer, pH 9.6. After being washed (with 0.025 M Tris-HCl, pH 8.0, 0.15 M NaCl 
and 0.05% Tween-20) the plates were incubated with patient sera for 2 hr at 37 °C. 
Because of the wide range in SAA levels sera were routinely analyzed at dilutions 
1:1,000 to 1:27,000 and for low concentrations at dilutions 1:200 to 1:12,800. The 
plates were washed. For the polyclonal ELISA, the plates were incubated with 
biotin-conjugated Ra.34-biotin 1:500 for 1 hr at 37 °C followed by streptavidin-
HRPO (Dakopatts A/S, Copenhagen, Denmark) 1:1,500 for 0.5 hr. For the hybrid 
sandwich ELISA, the plates were incubated with monoclonal anti-SAA (Reu.86.1, 
1:50 dilution of culture supernatant) for 1 hr at 37 °C. After washing, rabbit anti-
murine IgG complexed with HRPO was added, 1:500 in incubation buffer for 0.5 hr 
at 37 °C. One mg of the chromogen 3’3’5’5’tetramethylbenzidin (TMB, Carl Roth, 
Karlsruhe, Germany) was dissolved in 11 mL 0.1 M acetate buffer, pH 6.0, and 
0.004% H2O2. After washing, the plates were incubated with the chromogen 
solution at room temperature until the reaction was stopped after 20 min by the 
addition of 1 M H2SO4. The absorption at 450 - 575 nm was read in an Emax 
microplate reader and the concentrations were calculated by SOFTmax® PRO 
software (Molecular Devices, Sunnyvale, USA). All incubations were done in 0.05 
M Tris-HCl, pH 8.0, 0.3 M NaCl, 0.05% Tween-20, and 2% BSA. 
 
Fully monoclonal murine sandwich ELISA for human SAA 
Microtiter plates (HB, FB, Corning Costar, Badhoevedorp, The Netherlands) were 
coated at room temperature on an EASIA shaker (500 rpm) with the IgG fraction of 
the pan-reactive capture antibody Reu.86.5 (diluted to 0.5 μg/well in 0.01 M PBS, 
pH 7.4) overnight. After washing it was followed by incubation of the samples in 
serial fourfold dilutions, starting with 1:250. Incubations were done in duplicate at 
room temperature on the EASIA shaker in 0.01 M PBS, pH 7.4, 1% BSA, and 
0.05% Tween-20 in a final volume of 0.1 mL/well for one hour. The plates were 
washed, followed by incubation for one hour with the IgG fraction of the SAA1-
reactive detection antibody Reu.86.1 coupled to HRPO (diluted to 0.2 μg/well). The 
color reaction was performed as described in the other ELISAs.  
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Standardization of the ELISAs 
Reconstitution of an exact amount of the purified apo-SAA into normal plasma 
(initial SAA concentration was 1.0 mg/L) provided the ultimate standard of all our 
ELISAs yielding a final SAA concentration of 146 mg/L. In every routine assay an 
aliquot of a well-known plasma was used as internal standard. 
 Sera were denatured with alkali, formic acid, and heating as well as with 
repeated (5x) freezing and thawing to evaluate these effects on serum levels of 
SAA. Serum and plasma levels of identical samples were also compared. The 
intra-assay and interassay coefficient of variation (CV) were calculated for the 
lower, intermediate, and upper range. 
 
Sandwich ELISA for CRP 
Microtiter plates (Greiner GmbH, Nürtingen, Germany) were coated overnight at 
room temperature with rabbit anti-CRP (Dakopatts A/S, Copenhagen, Denmark) 
1:10,000 in 0.1 M carbonate buffer, pH 9.6. After washing, the wells were 
incubated with patient sera in dilutions 1:250 to 1:16,000 for 45 min. Rabbit anti-
CRP conjugated to HRPO (Dakopatts A/S) was applied at 1:2,000 dilution for 30 
min. Incubation, washing and color reaction were performed as described in the 
polyclonal SAA-ELISA. CRP-reference serum (Behringwerke AG, Germany) was 
used as the standard. Intra-assay CV and interassay CV were both 5%. 
 
Serum and plasma samples 
Human research was carried out according to the principles of the Declaration of 
Helsinki and informed consent was obtained. Samples of serum and plasma were 
stored at -20 °C until analysis. Plasma samples of fifty apparently healthy members 
of the medical and nursing hospital staff were taken at three consecutive moments 
with monthly intervals. The 50 median values served as basal controls both for 
SAA and CRP. 
 A spectrum of well-defined non-infectious chronic and subacute 
inflammatory diseases together with two malignant diseases was investigated in a 
cross-sectional study. All patients were sampled consecutively in our referral-based 
university hospital. Patients with chronic active hepatitis (CAH), primary biliary 
cirrhosis (PBC), rheumatoid arthritis (RA), and Crohn’s disease (Crohn) that were 
selected were all with active disease and without any immunosuppressive 
treatment. Patients with a clear exacerbation of a connective tissue disease (CTD) 
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were included after careful exclusion of infectious complications: almost all of these 
CTD patients used a small dose of prednisolone (median 5 mg daily). Most patients 
with polymyalgia rheumatica (PMR) used prednisolone with a median dose of 7.5 
mg daily. Patients with biopsy-proven renal allograft rejection (RTx) were divided 
into two groups: RTx(1) with ciclosporine treatment (median 7 mg/kg daily) and 
RTx(2) with the combined treatment of prednisolone (median 40 mg daily) and 
azathioprine (median 100 mg daily). In addition, patients with non-seminoma testis 
tumor (NSTT) and hepatocellular carcinoma (HCC) were investigated before start 
of treatment. 
 The group of RA patients without immunosuppression was compared with 
three treatment groups: One with prednisolone (median dose 7.5 mg daily), 
another with azathioprine (median dose 100 mg daily) and the third with the 
combination of azathioprine (median dose 150 mg daily) and prednisolone (median 
6.5 mg daily). All these RA patients were selected randomly with regard to disease 
activity from our out-patient department. 
 
Table 2.1. Amino acid composition (percentages) of AA protein VIS (AA-VIS) [31] and of purified apo-
SAA derived from pooled acute phase sera (apo-SAA). Related to three well-defined SAA subtypes 
(SAA-1/2) from literature [40]. 
 

Amino acid AA-VIS apo-SAA SAA-1/2 
Asp, Asn 10.8 12.4 14 
Thr 3.4 2.1 0-1 
Ser 7.8 8.4 7 
Glu, Gln 11.4 11.6 8-9 
Pro 4.6 4.7 4 
Gly 11.0 11.0 12 
Ala 10.8 13.2 16 
Cys½ ND 0.0 0 
Val 3.0 2.4 1 
Met 2.3 0.4 2 
Ile 3.5 2.7 3 
Leu 6.9 5.4 3-4 
Tyr 3.9 3.5 5 
Phe 5.2 7.3 6-8 
His 1.8 2.2 2-3 
Lys 4.2 6.1 4 
Arg 7.2 7.6 10-12 
Trp 1.2 ND* 3 
       Total 100 % 104 % 104 % 

 
* for quantitation Trp was assigned 3. 

 
 
Statistical analysis 
Statistical analysis was performed using the statistical package GraphPad Prism, 
version 4.02 (GraphPad Software Inc., San Diego, CA, USA). Logarithmic 
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transformation was used for normalization of the data if deemed necessary, linear 
regression and Pearson’s correlation test were used for correlation studies, and 
Bland-Altman test was used for assessing agreement between ELISAs. One-way 
ANOVA with Dunnet’s multiple comparison test was used for comparison of 
disease groups with controls and Tukey’s multiple comparison tests were used for 
comparison among all groups where appropriate. Testing was done two-sided, 
except for the upper limit of the 95% basal reference of controls for SAA and CRP 
that was done one-sided. P<0.05 was considered significant. 
 
 
RESULTS 
 
Human protein AA and apo-SAA 
The isolated and purified amyloid fibril protein (protein VIS) yielded one major and 
two minor protein peaks on Sephadex G-50. The major peak was brought on SDS-
PAGE and resulted in one single band with an estimated molecular weight of 12 
kD. This protein AA was chosen for the production of antibodies in the rabbit 
because of its high molecular weight. The amino acid composition of this protein is 
shown in Table 2.1 [31]. Sequencing the first 13 N terminal residues resulted in: 
Ser-Phe-Phe-Ser-Phe-Leu-Gly-Glu-Ala-Phe-Asp-Gly-Ala-. 
 

A         B 
 
 
 
 
 
 
 
 
Figure 2.1. Immunohistochemical staining of a glomerulus with monoclonal anti-human apo-SAA 
(Reu.86.1) antibody (x128) on a kidney section of a non-amyloid control (A) and on a kidney section of a 
patient with AA amyloidosis (B). 
 
 
HPLC chromatography of the apo-SAA purified from pooled acute-phase sera 
resulted in one single peak. This peak was dialyzed to PBS and subsequently 
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brought on SDS-PAGE, resulting in one single line with an estimated molecular 
weight of 12.5 kD. The amino acid composition of this apo-SAA is also presented in 
Table 2.1 and related to data from literature [40]. Calculation of the quantitative 
amino acid composition enabled us to quantify the concentration of the purified 
apo-SAA. The optical density E280, 1 g/L in PBS, resulted in a value of 3.5. 
Results of protein determinations according to Bradford and Lowry, using BSA as a 
reference, were both about 5% higher than expected. 
 
Ra.34, Reu.86.1, and Reu.86.5 antibodies 
In the ELISA the Ra.34, Reu.86.1, and Reu.86.5 antibodies reacted with AA and 
apo-SAA bound to the microtitration plate. No reaction of these antibodies was 
observed with AP, AL, CRP, or human IgG, whereas these proteins clearly reacted 
with the corresponding antibodies. In immunohistochemistry the Ra.34, Reu.86.1, 
and Reu.86.5 antibodies showed intense staining with amyloid A deposits, 
whereas only minimal background staining was seen with Ra.34 and no 
background staining at all was seen with Reu.86.1 and Reu.86.5 in control sections 
(normal tissue and tissue containing other types of amyloid); see Figure 2.1 in 
which Reu.86.1 is presented as typical example for all three antibodies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2. Electrophoretic patterns on 15% SDS polyacrylamide gel showing normal control plasma 
(A), pooled acute phase serum (B) and purified apo-SAA in PBS (C). Immunodetection was performed 
after electroblotting with normal rabbit IgG (1), rabbit anti-CRP (2), Ra.34 (3), Reu.86.1 (4), and control 
culture supernatant (5). 
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SDS-PAGE and isoelectric focusing of SAA 
Results of SDS-PAGE are presented in Figure 2.2. Purified apo-SAA reacted 
intensely with Ra.34 (lane C-3) and Reu.86.1 (lane C-4). The estimated molecular 
weight of this single apo-SAA band was 12.5 kD. High specificity of Ra.34 and 
monospecificity of Reu.86.1 is clearly visualized in acute phase plasma (lanes B-3 
and B-4) and in normal control plasma (lanes of A). Reu.86.5 (data not shown) 
reacted similarly to Reu.86.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3. Isoelectric focusing patterns of the three SAA isoforms patterns in acute-phase sera: 
SAA2αβ, SAA2αα, and SAA2ββ. Lane A, Reu.86.1; lane B, Reu.86.5; lane C, combination of Reu.86.1 
and Reu.86.5; Lane D, Ra.34 antibody. 
 
Isoelectric focusing and immunochemical detection of SAA subtypes 
No bands were detected in non-acute-phase control sera. Two major isoforms with 
pI values 6.0 and 6.4 (thought to represent SAA1-desArg and SAA1, respectively) 
were present in all sera with SAA levels >64 mg/L and were detected by all three 
antibodies. The remaining 4 isoforms were visualized equally by the Ra.34 and 
Reu.86.5 antibodies, whereas Reu.86.1 failed to do so, suggesting a specific 
reactivity only with SAA1 subtype (see Figure 2.3). The four major isoforms with 
the highest pI values (thought to be SAA2α-desArg (pI 7.0), SAA2β-desArg (pI 
7.4), SAA2α (pI 7.5), and SAA2β (pI 8.0)) were seen in combination in three 
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patterns: all the four isoforms (the SAA2αβ heterozygous pattern) and two patterns 
with just two isoforms (the homozygous SAA2α and SAA2β patterns, respectively) 
as shown in Figure 2.3. In all sera two additional bands were seen at pI 5.2 and pI 
5.6, which we designated SAA1*-desArg and SAA1*. These major bands are 
probably SAA1 subtypes for they can be detected with Reu.86.1, which did not 
detect the SAA2 subtypes (Figure 2.3). 
 

Comparison of the three sandwich ELISAs for human SAA 
The polyclonal rabbit, the hybrid polyclonal rabbit/monoclonal murine, and the fully 
monoclonal murine SAA-ELISA had similar results. Figure 2.4A shows an example 
of results for the polyclonal rabbit ELISA and fully monoclonal murine SAA-ELISA: 
the results of 32 sera with a wide range of SAA concentrations were compared and 
both methods correlated well (r 0.97, P<0.0001). Differences were small, as shown 
in the Bland-Altman plot (after exclusion of the single outlier) with a positive bias of 
27% for the monoclonal ELISA compared with the polyclonal ELISA (Figure 2.4B). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4. A. SAA concentrations in sera measured with polyclonal rabbit ELISA and monoclonal 
murine ELISA. B. Bland Altman plot of the average and the ratio of the SAA concentrations measured 
with monoclonal and polyclonal ELISA. The dotted line is the mean bias.  
 
 
Monoclonal murine sandwich ELISA for human SAA 
Acute-phase plasma with a concentration of 219 mg/L was used in the fully 
monoclonal SAA-ELISA as the routine standard. The ELISA results using 146 mg/L 
apo-SAA in PBS (curve a) and a same quantity of apo-SAA reconstituted in normal 
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plasma (SAA level 1.0 mg/L; curve b) are presented in Figure 2.5 together with the 
routine standard plasma (curve c) and plasma from one of our basal controls (SAA 
level 1.0 mg/L; curve d). The absorbance values of apo-SAA reconstituted in 
plasma were slightly higher than those of apo-SAA in PBS. The lowest detection 
limit of the ELISA for SAA was 8 μg/L (using samples diluted 1:5), allowing its use 
in biological fluids and in in-vitro systems. The routine detection limit of the assay 
was selected to be 0.6 mg/L (using samples diluted 1:250). The intra-assay CV 
was 8.0% in the lower range (0.81 mg/L), 5.4% in the intermediate range (73 mg/L) 
and 8.9% in the higher range (280 mg/L). The interassay CV was 8.8%, 5.9% and 
10.2% respectively. Each CV was based on 6 measurements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.5. Monoclonal murine SAA ELISA: Absorbance at 450 nm. a: (○--○) Apo-SAA in PBS. b: (●--●) 
reconstituted apo-SAA in normal plasma. c: (□--□) internal standard (219 mg/L). d: (∆--∆) control (1.0 
mg/L). 
 
Denaturing of serum samples with formic acid, alkali, or heating resulted in a 
decline of SAA reactivity compared to native serum. Repeated (5x) freezing and 
thawing of serum or plasma did not affect the results. No differences were found 
between plasma and serum levels. The presence of rheumatoid factors did not 
affect the results. 



A monoclonal sandwich ELISA for quantification of human SAA 

 33 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.6. A. CRP and B. SAA levels in mg/L of basal values of healthy controls and disease groups. 
The dotted lines are the 95% upper limits of the basal values. C. SAA/CRP ratio of disease groups. The 
dotted line is the SAA/CRP ratio of 1. See legend of table 2.2 for the abbreviations of the diseases. 
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SAA and CRP measurements in sera of patients 
The healthy control group had a median basal CRP value of 0.5 mg/L, and a one-
sided 95% upper confidence limit of 2.0 mg/L. The median value for SAA was 1.1 
mg/L with a one-sided 95% upper confidence limit of 4.3 mg/L. 
 
Table 2.2. Median serum concentration of SAA, CRP, and SAA/CRP ratio for various diseases and 
percentage of patients with elevated values of SAA and CRP and of patients with SAA/CRP ratio >1. 
 

   SAA CRP SAA / CRP* 
Disease N  Median 

(mg/l) 
> 4.3 mg/L 
(% of pat) 

 
 

Median 
(mg/l) 

> 2.0 mg/L 
(% of pat) 

 Median > 1 
(% of pat) 

CAH 35  1.3 17  6.9 77  0.15 4 
PBC 20  4.0 45  7.8 85  0.47 33 
HCC 23  7.1 52  15.5 83  0.39 26 
NSTT 20  15.0 75  36 90  0.55 22 
Crohn 25  13.7 64  20 84  0.69 38 
CTD 35  7.6 57  8.6 86  1.53 58 
PMR 35  13.1 89  5.7 83  3.32 79 
RTx(1) 13  43 77  14.0 100  2.46 69 
RTx(2) 10  83 100  9.0 80  11.3 100 
           
RA:           
  No imm. 35  9.1 69  15.0 86  1.02 50 
  Pred 37  105 100  36 100  2.70 89 
  Aza 17  20 88  32 100  0.87 35 
  Pred+Aza 34  44.4 94  16.7 88  3.26 82 

 
* The ratio of SAA/CRP was only determined in case SAA or CRP levels exceeded the 95% upper limit of basal 
controls (for SAA >4.3 mg/L and for CRP >2.0 mg/L). 
CAH = chronic active hepatitis, PBC = primary biliary cirrhosis, HCC = hepatocellular carcinoma, NSTT = non 
seminoma testis tumor, Crohn = Crohn's disease, CTD = connective tissue disease, PMR = polymyalgia rheumatica, 
RTx = renal allograft rejection receiving ciclosporine (1) or prednisolone and azathioprine (2). RA = rheumatoid 
arthritis: No imm. = without immunosuppressive treatment; Aza = azathioprine; Pred = prednisolone; Pred+Aza = 
combined treatment with prednisolone and azathioprine. 
 

 
Figure 2.6 shows the SAA and CRP serum concentrations and SAA/CRP ratio of 
healthy controls and of patients in various disease groups. Table 2.2 shows the 
corresponding median values of SAA, CRP, and SAA/CRP ratio. The percentage 
of patients with elevated SAA and CRP levels and with an arbitrary chosen 
SAA/CRP ratio higher than 1 are also presented in table 2.2. 
 In all disease groups the CRP levels (P<0.01) were higher than basal 
control values. SAA levels of the CAH and PBC groups did not differ from basal 
control values, but all other disease groups had higher SAA concentrations 
(P<0.01).  Figure 2.6C and Table 2.2 illustrate the wide variation of the SAA/CRP 
ratio among the diseases: all but one of the CAH patients had higher CRP 
concentrations than SAA and all patients with renal allograft rejection who were 
treated with prednisolone and azathioprine showed the opposite. 
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Figure 2.7. SAA/CRP ratios in patients with rheumatoid arthritis in relation to treatment with 
prednisolone and azathioprine. No immunosuppression (No imm.), azathioprine (Aza), prednisolone 
(Pred), and both drugs (Pred+Aza). Horizontal bars denote median values. *, P<0.01; **, P<0.001. 
 
 
The influence of therapy with prednisolone on SAA and CRP concentrations in a 
cross-sectional study of patients with RA is shown in Table 2.2 and its influence on 
the SAA/CRP ratio further illustrated in Figure 2.7. The SAA/CRP ratio of untreated 
RA patients was lower than of patients treated with prednisolone. The SAA/CRP 
ratio of the azathioprine group did not differ from the untreated group, but was 
lower than the group in which prednisolone was added to azathioprine. In the two 
groups of RA patients treated with prednisolone, the dosage was almost 
homogeneous. In the PMR group, however, the prednisolone dose varied 
considerably, ranging from 0 to 30 mg daily. The SAA/CRP ratio correlated with the 
prednisolone dose in this disease group (r 0.65, P<0.0001), as shown in Figure 
2.8. 
 
 
DISCUSSION 
 
We have described a fully monoclonal murine sandwich ELISA for human SAA. 
This ELISA is a reproducible method for quantification of SAA in serum, permitting 
standardization, inter-laboratory comparability, and general availability: the 95% 
upper limit of the basal reference interval of serum SAA in healthy controls appears 
to be 4.3 mg/L. The lowest detection limit of the assay is 8 μg/L, therefore allowing 
its use in biological fluids and in in-vitro systems [41]. 
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Figure 2.8. SAA/CRP ratio versus daily dose of prednisolone in 33 PMR patients. The solid line denotes 
the regression line. 
 
Constant quality and general availability make monoclonal antibodies excellent 
tools for ELISA and for immunohistochemistry. In this study murine monoclonal 
antibodies were raised against human apo-SAA prepared from acute-phase sera. 
The amino acid composition of the isolated apo SAA [40, 42] and the pI values of 
its major subtypes showed a close resemblance with the expected values [43-46]. 
Monoclonal antibodies Reu.86.1 and Reu.86.5 were selected because of superior 
test results. Background staining in immunohistochemistry was absent. Both 
monoclonal antibodies were highly specific for SAA. Antibody Reu.86.5 reacted 
with SAA1 and SAA2 subtypes, whereas Reu.86.1 reacted probably only with 
SAA1, the major SAA subtype. The monoclonal SAA ELISA showed similar results 
to the ELISA using a polyclonal rabbit anti-AA antibody. 
 A limitation of this SAA ELISA is the probable lack of recognition of the 
SAA2 subtype. In serum, however, SAA1 is the major subtype that is present in a 
relatively constant proportion of the total serum SAA concentration (74-77% ± 12%) 
[47]. Because of the internal standard that is used routinely the results will be 
corrected for the bias, as confirmed in our results of comparing the three ELISAs. 
 It is known that in some diseases SAA seems to be a more sensitive 
marker of inflammation than CRP, such as malignancies [3], rheumatic diseases 
[4-8], inflammatory bowel diseases [9], renal allograft rejection [11], infectious 
diseases [12-18], and cardiovascular diseases [19-24]. As expected SAA and CRP 
serum levels differed among patients and among diseases in this small cross-
sectional study. The high SAA/CRP ratio of patients with renal allograft rejection 
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was confirmed in our study [1, 11]. Prednisolone treatment was associated with an 
increased SAA/CRP ratio of patients with RA and PMR. An intriguing finding was 
the low SAA response in CAH and PBC, two chronic inflammatory diseases of the 
liver, the major source of acute-phase proteins. 
 In AA amyloidosis it is essential to measure actual SAA levels for 
monitoring possible progression of the disease and the effect of therapeutic 
intervention [26-28]. Particularly the effects of prednisolone treatment may be 
misjudged by monitoring only CRP levels, since SAA levels appear to be affected 
in a different way. This effect of prednisolone has already been described for some 
diseases, such as cystic fibrosis [48] and rheumatoid arthritis [49]. The high 
SAA/CRP ratio in serum is probably caused by an enhancement by prednisolone of 
SAA production compared with CRP production by liver cells [50]. 
 In conclusion, this monoclonal antibody-based sandwich ELISA is a 
reproducible method for quantification of SAA in serum, permitting standardization, 
inter-laboratory comparability, and general availability. Quantification of SAA is 
important in AA amyloidosis, because measuring only CRP as surrogate marker 
may seriously underestimate actual SAA serum levels, especially during 
glucocorticoid therapy. 
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