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1. Introduction

Alzheimer’s disease (AD) is the major primary 
cause of dementia. Ferri and collaborators 
estimated that 24 million people suffered from 
dementia in 2005, with this number reaching 
81 million by 2040 [1]. Clinical diagnosis of 
AD, which is still based on symptomatology, is 
accurate in only 63 to 90% of dementia cases 
[2]. A growing number of potential treatments 
for AD are in different phases of preclinical 
and clinical research and thus much effort is 
dedicated to identify reliable biomarkers to 
enable an accurate diagnosis of AD. 

Three main cerebrospinal fluid (CSF) 
biomarkers of AD, amyloid β1-42 (Aβ1-42), total 
tau (t-tau), and phosphorylated forms of tau 

(p-tau) reflect two major neuropathological 
hallmarks of AD - neurofibrillary tangles and 
senile plaques [3]. These CSF biomarkers are 
altered in early stages of AD, even before the 
occurrence of the first dementia symptoms, 
and permit to differentiate patients with 
prodromal AD (i.e. those with mild cognitive 
impairment, MCI) who often progress to AD, 
from healthy controls [4,5]. CSF biomarkers are 
also used for differentiation of AD from other 
primary causes of dementia, such as vascular 
dementia, frontotemporal dementia (FTD), and 
dementia with Lewy bodies [6-10]. Reduction 
of Aβ1-42 in CSF of AD patients is explained by 
Aβ1-42 aggregation into senile plaques, increase 
of t-tau reflects neuronal degeneration, 
while elevation of p-tau is a consequence of 

neurofibrillary degeneration and consequent 
tangles formation in the brain [11-13]. Although 
numerous studies in which diagnostic accuracy 
of CSF biomarkers was analyzed have been 
published, an ideal biomarker (with specificity 
and sensitivity over 85%) could not yet be 
defined. 

   High variability in concentrations of CSF 
biomarkers is observed among different 
centers and laboratories [14-16]. Causes of 
variations could be either due to pre-analytical 
and analytical factors or differences in ELISA 
kits from various manufacturers. Pre-analytical 
procedures refer to selection of research 
participants, CSF sampling and treatment, 
sample storage (temperature, tube type), and 
freeze/thaw cycles [7,17]. Analytical factors 
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that influence results include differences 
in laboratory procedures among different 
centers [18]. Variability among ELISA kits from 
different manufacturers is due to differences in 
production processes of reagents (e.g., usage 
of different materials for reagents, preparation 
of standards, antibody purification, and plate 
coating). Lot-to-lot variability among assays 
of the same kit is also an issue. Post-analytical 
procedures such as curve-fitting type, curve-
fitting software, and number of samples 
analyzed (usually singlets or duplicates) can 
also affect outcome [16].

There are insufficient data on comparability 
of ELISA kits developed by different vendors. 
This study compares the performance of 
Innogenetics (Gent, Belgium) and Invitrogen 
(Camarillo, CA, USA) ELISA kits for t-tau and Aβ1-

42. Analyses were performed in the Laboratory 
for Developmental Neuropathology (LDN), 
Croatian Institute for Brain Research, University 
of Zagreb Medical School, Zagreb, Croatia, 
and in the Laboratory for Neurobiochemistry 
(LNB), Department of Laboratory Diagnostics, 
University Hospital Centre, Zagreb, Croatia.

2. Materials and methods 

2.1. Pre-analytical procedures
All patients with suspected dementia were 
recruited from the University Hospital Centre, 
Zagreb, underwent complete blood tests 
including electrolytes, albumin, thyroid 
function, levels of vitamin B12, VDRL test 
for syphilis, Mini-Mental State Examination 
(MMSE), and neurological examination [19]. 
After exclusion of patients with secondary 
causes of dementia, selected 90 patients, 
upon signing the informed consent, 
underwent lumbar puncture. Out of these, 
55 patients fulfilled NINCDS-ADRDA criteria 
for probable AD, 33 patients suffered from 
MCI, while 2 patients fulfilled criteria for 
FTD and corticobasal degeneration (CBD) 
[20,21]. Additionally, eight healthy control 
subjects (HC) with no evidence of dementia, 
or neurologic and psychiatric symptoms, were 
included. CSF was taken in the L3/L4 or L4/L5 
intervertebral spaces, always between 9 a.m. 
and 11 a.m., and collected in polypropylene 
tubes. Leukocyte and erythrocyte cell counts, 

lactate, glucose, total protein concentration, 
Treponema Pallidum Hemagglutionation 
Assay (TPHA), and IgG index were also 
determined in native CSF. At LNB, CSF 
samples were centrifuged for 10 minutes at 
4,000 g, dispensed into 150 µl aliquots and 
stored at -80°C. At LDN all pre-analytical 
procedures were exactly the same except for 
centrifugation (10 minutes at 2,000 g). 

2.2. Analytical procedures
CSF t-tau levels were determined on 58 CSF 
samples of 36 AD patients, 19 patients with MCI 
and 3 control subjects by using ELISA kits. Among 
these 36 AD patients, Aβ1-42 concentrations were 
determined in CSF samples from 32 patients, 
plus one AD patient that didn’t have determined 
levels of t-tau. Four AD patients didn’t have 
determined Aβ1-42 levels. Concentration of Aβ1-

42 was not measured in samples of either MCI 
patients or HC. Invitrogen ELISA kits were used at 
LDN (Tau /Total/ Human ELISA Kit, Aβ1-42 Human 
ELISA Kit), while at LNB analyses were performed 
using Innogenetics ELISA kits (Innotest hTau-
Ag, Innotest β-amyloid1-42). In both laboratories, 
the analyses were done on CSF samples of the 
same patients, only using different ELISA kits. 
Additionally, t-tau levels were determined on 39 
CSF samples of 18 AD patients, 14 patients with 
MCI, 2 patients with FTD and CBD, and 5 HC using 
Innogenetics ELISA kits in both laboratories. 
ELISA analyses were performed according to the 
manufacturers’ protocols in both laboratories. 
At LNB washing was performed manually, while 
t-tau and Aβ1-42 concentrations were calculated 
on plate reader using curve-fitting software 
and 4-parameter algorithm. At LDN plates 
were washed in an automatic washer. Protein 
concentrations were determined using the same 
algorithm in GraphPad Prism 5.0 demo version 
software (San Diego, CA, USA).

2.3. Statistical analysis
T-tau levels among AD, MCI, and HC were 
compared using a Kruskal-Wallis test, followed 
by the Mann-Whitney U test for pairwise 
comparisons. Concentrations of Aβ1-42 and t-tau 
obtained by Innogenetics and Invitrogen ELISA 
kits were compared with the Passing-Bablok 
method [22]. Levels of proteins measured 
by both methods in each group (AD, MCI, or 
HC) were compared using Wilcoxon matched 
pairs test. Statistical analyses were performed 
with SPSS 19.0.1 (SPSS Inc., Chicago, IL, USA) 
and MedCalc 12.4.0.0 (Mariakerke, Belgium). 
P values less than 0.05 were considered 
statistically significant. 

3. Results

Demographic data of all patient groups 
including HC are presented in Table 1. T-tau 
and Aβ1-42 CSF concentrations obtained by 
both Innogenetics and Invitrogen ELISA kits are 
summarized in Table 2 and Figure 1, and Table 3 
and Figure  2, respectively. Protein levels are 
expressed as means, medians, and percentile 
ranges (P25-P75).

There was a significant difference in t-tau levels 
measured by Innogenetics ELISA among AD, MCI, 
and HC groups (χ2 = 9.625, df = 2, p = 0.008). T-tau 
levels were significantly higher in AD patients 
than in either MCI patients (U = 215.5, Z = -2.239, 
p = 0.025) or HC (U = 9, Z = -2.372, p = 0.012), but 
did not differ significantly among MCI and HC (p 
> 0.05). There was also a significant difference in 
t-tau levels measured by the Invitrogen kit among 
all groups (χ2 = 9.1, df = 2, p = 0.011). The difference 
was again significant between AD and MCI group 
(U = 209.5, Z = -2.342, p = 0.019), or AD and HC 
(U = 12.5, Z = -2.187, p = 0.022), while differences 
in t-tau levels did not reach significance between 
MCI and HC groups (p > 0.05). 

Group Age
Mean ± SD (Range)

Gender
Women vs. Men

MMSE
Mean ± SD (Range)

AD (n = 55) 73.3 ± 6.5 29 vs. 26 19.5 ± 4.7

MCI (n = 33) 67.1 ± 11.3 20 vs. 13 24.9 ± 3.1

HC (n = 8) 58.8 ± 19.7 5 vs. 3 27.8 ± 2.4                                          

Table 1.  Demographic data of groups included in this study with MMSE scores. AD – Alzheimer’s disease, 
MCI – Mild cognitive impairment, HC – healthy control, MMSE – Mini-Mental State Examination.
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No significant difference in levels of t-tau 
measured by Invitrogen and Innogenetics ELISA 
kits was obtained on samples of AD patients (Z 
= -1.932, p = 0.053), MCI patients (Z = -0.684, p 
= 0.494) or HC (Z = -1.604, p = 0.109) (Figure 1). 
Levels of Aβ1-42 measured by the Innogenetics 
kit were significantly higher than those obtained 
with the Invitrogen kit (Z = -5.012, p < 0.001) 
(Figure 2). The results of Passing-Bablok analysis 
for measurement of agreement between 
Innogenetics and Invitrogen ELISA kits for 
t-tau and Aβ1-42 levels are shown in Figure 3A 
and 3B, respectively. The resulting equation of 
Passing-Bablok analysis for t-tau was y = 73.85 
+ 0.63x (95% confidence interval [CI] of intercept 
42.49-98.25, and slope 0.54-0.74). Passing-
Bablok analysis for Aβ1-42 kits resulted in y = 
5.53  +  0.22x  (95% CI of intercept -44.04-52.28, 
and slope 0.14-0.31). Cumulative sum (CUSUM) 
test for linearity showed no significant deviation 
from linearity for either t-tau (p = 0.76) or Aβ1-42 (p 

= 0.93). Figure 4 shows results of Passing-Bablok 
analysis for t-tau measured by Innogenetics ELISA 
kit at LDN and LNB. The equation for Passing-
Bablok regression was y = 2.54 + 0.99x with 95% 
CI of intercept -17.89-22.05, and slope 0.93-1.05. 
Significant deviation from linearity was revealed 
by a CUSUM linearity test (p = 0.02).

4. Discussion

Our results indicate that there is a difference 
between Innogenetics and Invitrogen ELISA 

methods for Aβ1-42 and t-tau. According to 
Passing and Bablok (1985) if 95% CI for slope 
has a value of 1 and for intercept a value of 0, 
then there is no significant difference between 
two methods [22,23]. Results of Passing-Bablok 
analysis for comparability of Invitrogen and 
Innogenetics kits indicate that this assumption 
cannot be applied for either t-tau (Figure  3A) 
or Aβ1-42 (Figure 3B). Thus, these two methods 
for determination of t-tau and Aβ1-42 in CSF 
cannot be used interchangeably. On the other 
hand, Passing-Bablok analysis for performance 

                                               AD (n = 36) MCI (n = 19)  HC (n = 3)

Mean ± SD Median (P25-P75) Mean ± SD Median (P25-P75) Mean ± SD Median (P25-P75)

Innogenetics t-tau 427.5  ± 350.2 325.5 (235.3-504) 242 ± 146.9 222 (100-329) 101 ± 50.1 81 (64-158)

Invitrogen t-tau 335.3 ± 216.9 279.2 (179.5-354.8) 211.2 ± 105.8 206 (123.6-290) 136.5 ± 51.3 112 (102-195.4)

Table 2.  Levels of t-tau measured by Innogenetics and Invitrogen ELISA kits in cerebrospinal fluid.   Data are presented as mean ± SD and median (25th-75th percentile).

Table 3.  Levels of Aβ1-42 measured by Innogenetics and Invitrogen ELISA kits in cerebrospinal fluid. Levels of Aβ1-42 
were only determined on samples of AD patients. Data are presented as mean ± SD and median (25th-
75th percentile).

                                                   AD (n = 33) 

Mean ± SD Median (P25-P75)

Innogenetics Aβ1-42 660.7 ± 298.9 591 (432-799)

Invitrogen Aβ1-42 165.2 ± 114.3 140.6 (98.65-204.45)

Figure 1.  CSF t-tau levels in AD, MCI and HC subjects measured by Innogenetics and 
Invitrogen ELISA kit. Boxes represent the median, the 25th and the 75th 
percentiles, bars indicate the range of data distribution. Circles represent 
outliers (values more than 1.5 box-length from the 75th/25th percentile). 
The asterisks represent extreme values (value more than three box-length 
from the 75th/25th percentile).

Figure 2.  CSF Aβ1-42 levels in AD patients measured by Innogenetics and Invitrogen 
ELISA kit. Boxes represent the median, the 25th and the 75th percentiles, 
bars indicate the range of data distribution. Circles represent outliers, the 
asterisk represents an extreme datapoint.
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of Innogenetics t-tau ELISA in two different 
laboratories showed good agreement between 
this method performed in LDN and LNB 
(Figure 4). While CUSUM linearity test showed 
significant deviation from linearity (p = 0.02), 
this testing of Innogenetics method efficiency 
in different laboratories should be further 
tested on larger group of patients.  

The cause of the discrepancy between 
Innogenetics and Invitrogen ELISA kits for t-tau 
and Aβ1-42 is most probably due to differences 
in reagents used in the development of these 
kits. Usage of different materials for reagents 
or procedures in antibody purification, 
preparation of standards, and plate coating can 
cause ELISA kits to perform differently among 
vendors (CV above 20%; [16,17]). In fact, ELISA 
kits from the same vendor may have lot-to-lot 
variability [16,18,24,25].

Pre-analytical procedures (lumbar puncture 
and sample storage) were same in both 
laboratories. After lumbar puncture, which was 
performed by the same physician, samples 
were aliquoted in polypropylene tubes, stored 
at -80°C and thawed just once before the 
analysis. Only centrifugation conditions slightly 
differed between the laboratories. CSF samples 
were centrifuged 10 min at 2,000 g and 10 
min at 4,000 g at LDN and LNB, respectively. 
In the study of Bjerke et al. [26] it was reported 
that centrifugation affects a number of CSF 
proteins, while Vanderstichele et al. [17] did 
not confirm this. It is considered that variations 
in protein levels due to centrifugation are 
found only in hemorrhagic samples, urging 
Vanderstichele et al. [17] to recommend 
centrifugation of hemorrhagic samples only. 
Although centrifugation speed does not affect 
levels of proteins it is generally recommended 
to centrifuge 10 min at 2,000 g at room 
temperature [27].

Differences in laboratory procedures like 
manual plate washing or use of a washing 
machine should not influence the results. In 
fact, both Invitrogen and Innogenetics ELISA 
protocols state that this step can be performed 
either way. Concentrations could also be read 
out using a plate reader (LNB) or curve-fitting 
software (LDN) using a 4-parameter algorithm. 
Possible mistake or variability in laboratory 
procedures performed by different technicians 

should be also considered, which in this case 
would refute the results of Innogenetics ELISA 
performed in both laboratories (Figure 4). 
Applying Innogenetics ELISA kit, higher t-tau 
and Aβ1-42 values were obtained than using 

the Invitrogen ELISA kit (Table 2). This fact was 
already noted by Fialova and collaborators [28].

Only a few other studies compared results of 
ELISA kits from different vendors [5,12,29], and 
the efficiency of Innogenetics and Invitrogen 

Figure 3.  Results of the Passing-Bablok analysis between Innogenetics and Invitrogen ELISA for (A) t-tau and 
(B) Aβ1-42. Note that levels of both t-tau and Aβ1-42 measured by the Innogenetics kit were significantly 
higher than those obtained with the Invitrogen kit.
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Figure 4.  Results of the Passing-Bablok analysis between Innogenetics ELISA for t-tau performed in the Laboratory 
for Neurobiochemistry (Department of Laboratory Diagnostics, University Hospital Centre, Zagreb, 
Croatia) and the Laboratory for Developmental Neuropathology (Croatian Institute for Brain Research, 
University of Zagreb Medical School, Zagreb, Croatia). Note the significant deviation from linearity.

ELISA for t-tau was compared only by Fialova 
et al. on CSF samples of 38 patients suffering 
from multiple sclerosis and other neurological 
diseases [28]. Good agreement between these 
two methods was shown in this study, although 
levels of t-tau measured by the Innogenetics 
ELISA were higher than those measured by the 
Invitrogen ELISA. In other studies, the efficiency 
of MSD multiplex assay and Innogenetics ELISA 
were determined [29], as well as Innogenetics 
ELISA and INNO-BIA AlzBio3 using the multiplex 
xMAP Luminex platform to replace ELISA with a 
multiparametric method [30-34].

Other data on efficiency of different 
ELISA methods for CSF biomarkers of AD are 
available from multicenter studies, although 
most often the used assay is Innogenetics 
ELISA [12,15]. In one of the latest studies from 
the Alzheimer’s Association quality control 
program of AD biomarkers, 40 laboratories 
participated. Three different ELISA kits were 
used (Innogenetics ELISA, INNO-BIA AlzBio3, 
Meso Scale Discovery), whereas 26 laboratories 
used the Innogenetics ELISA kit. Biomarkers 
levels differed among the laboratories with 
coefficient of variation (CV) ranging from 13% 
to 36% [16]. Hort and colleagues compared 
CSF biomarkers measured by Innogenetics 
ELISA in laboratories from 25 countries [15]. 
Cut-off levels for Aβ1-42, t-tau and p-tau varied 
considerably among different countries 
and even within the same country [15]. 
Another difficulty in that study was that some 
laboratories used cut-off levels established 
by others [35] and not by Receiver Operator 
Curve (ROC) analysis. Efficiency of INNO-BIA 
AlzBio3 on the Luminex analytical platform 
was studied by Lewczuk and collaborators in 
12 German geriatric and psychiatric university 
departments [36]. Results of both t-tau and 
p-tau measured by Luminex showed high 
correlation with results obtained by ELISA, 
whereas in the case of Aβ1-42 correlation was 
lower [36]. Shaw and coworkers inspected 
efficiency of this multiparametric method 
in 7 different centers. Within-laboratory CV 
was 5.3%, 6.7% and 10.8% for Aβ1-42, t-tau 
and p-tau181, respectively [37]. Intercenter 
variability was higher with CV reaching 17.9%, 
13.1% and 14.6% for Aβ1-42, t-tau and p-tau181, 
respectively [37].

External controls were analyzed by Verwey 
et al. in 20 laboratories to assess inter-center 
variability. ELISA assays of Biosource, Genetics 
Company, Innogenetics and one in-house 
ELISA were used in this study and revealed 
high variability among laboratories, especially 
for Aβ1-42 [14]. The goal of multi-center 
studies is standardization of procedures for 
determination of AD CSF biomarkers and 
establishment of cut-off levels. However, 
despite numerous studies, consensus criteria 
for cut-off levels are not yet set and thus vary 
considerably among studies [15,32,35].

Beside early diagnostics of AD, determination 
of CSF biomarkers is necessary for monitoring 
of potential treatments. It is generally accepted 
that immunization using Aβ, the use of β- and 
γ-secretase inhibitors, and GSK3β inhibitors, 
which are currently among the most promising 
disease-modifying therapies, should be 
applied in the early stages of disease when 
neurodegeneration is not in an advanced stage 
[38]. Therefore, future studies are still required 
to (i) determine cut-off levels for Aβ1-42, t-tau, 
and p-tau; (ii) standardize pre-analytical 
procedures across laboratories to account for 
inter-center variability (for review see [17]; and 

(iii) further perform detailed comparison of 
ELISA kits produced by different vendors on 
higher numbers of subjects and samples. 
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