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In  this  study  we  evaluated  the  long-term  stability  of  a microarray-based  serological  screening  platform,
containing  antigens  of influenza  A,  measles  and  Streptococcus  pneumoniae,  as  part  of  a  prepared-
ness  research  program  aiming  to develop  assays  for syndromic  disease  detection.  Spotted  microarray
slides  were  kept  at four different  storage  regimes  with  varying  temperature  and  humidity  conditions.
We  showed  that  under  the  standard  storage  condition  in a temperature-controlled  (21 ◦C)  and  desic-
cated  environment  (0% relative  humidity),  microarray  slides  remained  stable  for  at  least  22  months
without  loss  of  antigen  quality,  whereas  the  other three  conditions  (37 ◦C,  desiccated;  Room  temper-
icroarray
erology
tability
ntigen
torage
emperature

ature,  non-desiccated;  Frozen,  desiccated)  produced  acceptable  results  for  some  antigens  (influenza  A,
S.pneumoniae), but not  for others  (measles).  We conclude  that  these  arrays  for  multiplex  antibody  test-
ing  can  be prepared  and  stored  for prolonged  periods  of  time,  which  aids  laboratory-preparedness  and
facilitates  sero-epidemiological  studies.

© 2017  The  Authors.  Published  by  Elsevier  B.V.  This  is  an  open  access  article  under  the  CC  BY-NC-ND

umidity

. Introduction

Infectious diseases can be diagnosed using two types of lab-
ratory tests: [a] pathogen detection, for instance, polymerase
hain reaction (PCR), immunoassays or culture, or [b] detection
f antibodies against infectious agents, such as, the hemaggluti-
ation inhibition assay, microneutralization assay, enzyme-linked

mmunosorbent assay or Western Blotting. Molecular methods, like
CR, are fast and useful tools, given correct types of samples are col-

ected within an appropriate time from onset of illness. However,
ith some acute infections e.g. caused by Dengue- (WHO, 2009)
r Chikungunya virus (Taubitz et al., 2007), the relatively short
eriod of viremia limits the applicability of virus detection methods
s they are usually rapidly cleared in an immunocompetent host.
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license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Serological methods, on the other hand, detect antibody responses
triggered by infection, and can thereby provide information on
exposure when the agent may  no longer be present. Antibody
detecting techniques are not only useful to retrospectively con-
firm infections in individuals when paired sera are available; they
also provide important information during outbreak settings. The
ability to detect mild or asymptomatic infections allows estima-
tion of attack rates, transmissibility and geographic distribution of
a pathogen on a population level, as well as unbiased case fatality
rates. In combination with epidemiological and clinical data, these
measures are important to guide effective control strategies to con-
tain infectious disease outbreaks (Cauchemez et al., 2012; Kumar
and Henrickson 2012; Laurie et al., 2013).

For example, patients with influenza-like illness or acute res-
piratory infection are identified when referred by physicians. This
forms the basis for the global sentinel surveillance systems (Beauté
et al., 2012). Whereas such a symptom-dependent system is useful
for virological surveillance, it tends to predominantly capture the

most severe cases, as patients with mild- or asymptomatic infection
are less likely to seek health care (Gibbons et al., 2014). Hence, dur-
ing infectious disease outbreaks there is a risk that morbidity and
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ortality rates can be biased when only severe cases are included
Ejima et al., 2012; Gibbons et al., 2014).

With the recent influenza pandemic caused by a novel H1N1
ubtype in 2009 [A(H1N1)pdm09], the importance of including
erological studies into pandemic preparedness planning and the
se of standardized serological assays for improved comparability
etween studies became apparent (Laurie et al., 2013). Serological
ethods, such as the hemagglutination inhibition- and microneu-

ralization assay were widely used during different stages of the
andemic. However, despite the availability of an international
ntibody standard, limited awareness thereof precluded its wide
se. Another challenge was that laboratory capacity and storage

or conducting extensive and high-volume serological studies was
nsufficient (Laurie et al., 2013).

We previously reported on the development and use of a stan-
ardized serological assay termed protein microarray, which is a
latform that is able to simultaneously screen for antibodies against
ultiple influenza hemagglutinin types in humans (Koopmans

t al., 2012; Boni et al., 2013; Huijskens et al., 2013; de Bruin et al.,
014), chickens (Freidl et al., 2014) and bats (Freidl et al., 2015).
his antibody detection assay was developed as part of an emerging
isease preparedness program, and was piloted to monitor the evo-

ution of the A(H1N1)pdm09 in13 countries (de Bruin et al., 2014).
n another study, this technique was used in real-time to assess pre-
xisting antibody levels to H7 subtypes during the emergence of a
ovel zoonotic A(H7N9) avian influenza virus subtype in rural and
rban locations of Vietnam (Boni et al., 2013). For such large-scale
eroepidemiological studies, a high number of spotted microarray
lides are required and are ideally stockpiled within the framework
f laboratory preparedness for rapid deployment during outbreak
ituations. The potential use of this technology is conditional on
alidation of storage conditions. In the current study, we  evaluated
he long-term stability of viral proteins and bacterial polysaccha-
ides printed onto microarray slides and investigated the influence
f four different storage conditions on antigen quality over a period
f 22 months.

. Materials and methods

.1. Antigen selection and production of microarray slides

We  evaluated the stability of recombinant proteins of the
A1 of different influenza virus hemagglutinins, whole inacti-
ated measles virus and capsular polysaccharides of Streptococcus
neumoniae spotted onto microarray slides (Table 1). The stabil-

ty of antigens was evaluated at four different temperature- and
umidity conditions as further specified below. Recombinant HA1
roteins were produced in HEK293 cells and purified using HIS-tag
urification as described by the manufacturers (Table 1). Anti-
en H1.09 was validated extensively in serosurveillance studies
n humans during the H1N1 influenza virus pandemic of 2009
Koopmans et al., 2012; Huijskens et al., 2013; de Bruin et al., 2014).
ntigens H5.05 and H5.07 were validated for antibody screening of
hicken serum samples (Freidl et al., 2014). Measles virus and Strep-
ococcus pneumoniae (used as a surrogate for Streptococcus suis)
ntigens are currently being validated for the use in diagnostics
nd were included to evaluate antigen stability in the microarray
latform for future purposes.

Optimal concentration per antigen was determined by checker-
oard titration using antisera as shown in Table 1. Influenza and
easles viral antigens were diluted in working strength protein
rraying buffer (Maine Manufacturing, ME,  USA) containing pro-
einase inhibitor cocktail (BioVision, Mountain View, CA, USA).
acterial polysaccharides were printed in working strength pro-
ein arraying buffer only. All antigens (Table 1) were spotted onto
al Methods 245 (2017) 53–60

nitrocellulose-coated glass slides of the same lot number (16-pad,
Oncyte Avid, Grace Biolabs, Bend, OR, USA) using a non-contact
spotter (Piezorray, Perkin Elmer, Mass., USA). Two  microarray
batches were produced on the same day using the same reagents
and antigens. Each batch consisted of 25 slides, which constituted
the maximum capacity per spot run. Immediately after spotting,
slides were transferred to a dark plastic box and were stored in a
drying chamber to allow optimal protein linkage to the nitrocellu-
lose. All slides were kept in the drying chamber with an average
temperature of 21 ◦C under dark conditions until further use (∼3
weeks later). Based on previous experience with short-term storage
of spotted slides it is known that antigen quality does not change
within three weeks. For quality control prior to the study, we tested
one slide per batch at the onset of the study and demonstrated that
results with slides from different batches were comparable as over-
all antibody titers did not differ significantly at baseline (Time point
0, Fig. 2; Wilcoxon rank sum test, p-value = 0.69). Similarly, batches
1 and 2 did not differ over the entire study period (Wilcoxon rank
sum test, p-value = 0.92). Calculation of geometric coefficients of
variation (GCV) showed comparable variations in titers for both
batches (GCV batch 1: 126%, GCV batch 2: 130%).

2.2. Microarray protocol

Microarray slides were essentially tested as described before
(Koopmans et al., 2012). Briefly, we  first incubated microarray
slides with Blotto blocking buffer containing 0.1% Surfact-Amps
(both Thermo Fisher Scientific, Rockford, MA,  USA), followed
by incubation of serum pools (see explanation hereafter) and
finally used specific conjugates to visualize bound antibodies.
All incubation steps were one hour in duration. Conjugates
used were AlexaFluor647 AffiniPure labeled goat-anti-rabbit IgG,
and Alexa647 AffiniPure labeled goat-anti-human IgG (both Fc-
fragment specific and polyclonal, Jackson Immuno Research, West
Grove, USA), at dilutions 1: 1300 as determined using checkerboard
titration. Following the manufacturer’s instructions, we updated
both conjugates once during the study period. Before replacing the
conjugates (same product from same manufacturer), we tested and
verified that old- and new conjugates yielded comparable fluores-
cence signals at the same dilution (data not shown). After slide
analysis, fluorescent signals were quantified using a ScanArray
Gx Plus microarray scanner (Perkin Elmer) and sigmoidal fluores-
cence curves were converted into titers as described previously
(Koopmans et al., 2012).

Antisera used for checkerboard titration were used to prepare
specific antiserum pools, one containing rabbit antisera (i.e. anti-
influenza and anti-S. pneumoniae) and another one consisting of
human antisera (i.e. anti-measles) (Table 1). After pooling, we pre-
pared twelve aliquots per serum pool which were subsequently
stored at −80 ◦C to keep them stable until further use. At every
2-months interval, we used one aliquot per the serum pool to
test the stability slides. From each aliquot we prepared two-fold
dilution series in Blotto blocking buffer containing 0.1% Surfact-
Amps, starting at a dilution of 1:80 for the rabbit- (anti-influenza
A and anti-S.pneumoniae), and 1:320 for the human serum pool
(anti-measles). For periodic testing, four slides − one per storage
condition − were tested simultaneously.

2.3. Storage conditions
All slides were stored under dark conditions. The stability of
spotted microarray slides was evaluated under the following four
storage conditions:
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Table  1
Selection of antigens and antisera used for spotting and testing of microarray slides. Optimal antigen concentrations were determined by checkerboard titration using antisera
shown  below the respective antigen. Two  anti-serum pools (rabbit and human) were prepared for periodic testing of spotted microarray slides. Serum pools were filled out
in  twelve aliquots and were stored at −80 ◦C until further use.

Code Nature of antigen/antiserum Strain/Serotype Concentration Source

Influenza A virus H1.09 Recombinant protein (HA1a) A/California/6/2009 (subtype
H1N1)

∼0.125 mg/ml Immune Technology Corp., USA

Anti-H1.09 Polyclonal rabbit serum A/California/06/2009 Immune Technology Corp., USA
H5.05  Recombinant protein (HA1a) A/Indonesia/5/2005

(subtype H5N1)
∼0.250 mg/ml GenScript USA Inc., USA

Anti-H5.05 Polyclonal rabbit serum A/Indonesia/5/05 Immune Technology Corp., USA
H5.07  Recombinant protein (HA1a) A/duck/Hokkaido/167/2007

(subtype H5N1)
∼0.5 mg/ml Sino Biological Inc., China

Anti-H5.97 Polyclonal rabbit serum A/Hong Kong/438/97 Immune Technology Corp., USA

Measles virus Measles Inactivated whole virus Edmonston strain Baseline
concentration
unknown; 2x
dilution used

In-house vaccine formulation,
RIVM, the Netherlands

Anti-measles Pool of measles-seropositive
humans

RIVM, surplus of anonymized
diagnostic samples

Streptococcus
pneumoniae

S.  pneumoniae Purified capsular
polysaccharides

Serotype 14 0.5 mg/ml Statens Serum Institute,
Denmark

Anti-S.  pneumoniae Polyclonal rabbit antiserum Statens Serum Institute,
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(Serotype 14)

a Head domain of the hemagglutinin receptor.

Temperature-controlled, desiccated (hereafter abbreviated
‘TC D’): Slides were stored in a desiccation chamber placed in a
temperature-controlled room (average temperature 21 ◦C).
Frozen at −20 ◦C, desiccated (abbreviated ‘Frozen’): Slides were
stored in individual plastic boxes containing silica sachets and
were sealed in plastic bags prior to freezing.
37 ◦C, desiccated (abbreviated ‘37C’): Slides were stored in a dark
plastic box containing silica sachets and were stored in an incu-
bator set to 37 ◦C.
Room temperature, non-desiccated (abbreviated RT ND). As this
was the only storage condition for which temperature and
humidity were not controlled, we recorded daily temperature in
degrees Celsius (C)and relative humidity (RH) expressed in per-
centages (Lascar Electronics, Easy Log USB, version 7.2.0.0) over
a period of ∼16 months (data was logged between October 24th,
2012 and January 16th, 2013, as well as between March 19th,
2013 and February 21st, 2014, respectively).

The above conditions were chosen to evaluate the suitability
f the currently employed standard storage condition ‘TC D’ and
o compare it to potentially alternative long-term storage options
‘Frozen’). We  furthermore examined the influence of a temperate
limate on spotted slides kept at room-temperature without regu-
ation of temperature and humidity (RT ND), and aimed to study the
ffect of warm temperature in combination with controlled humid-
ty (37 ◦C) to mimic  conditions in countries with warmer climates
n which collaborations are ongoing.

.4. Study set up

As microarray slides were printed in two separate spot runs (two
atches) we checked for equal quality of batches by simultaneously
esting one slide from each batch. This initial test served as a base-
ine for subsequent measurements established during twelve time
oints spaced at two-month intervals, covering a total study period
f 22 months (Fig. 1). At each testing time point four slides − one

lide per storage condition − were analyzed simultaneously. Spot-
ed microarray slides were randomly allocated to the four storage
onditions, in a way that slides from the two batches alternated at
very test point.
Denmark

2.5. Statistical analysis

All statistical analyses were performed in R (language for
statistical computing, version 3.1.0, Vienna, Austria). Descriptive
analyses were performed using the ‘psych’ package (Revelle 2015).
Line graphs were created using package ‘ggplot2’ (Wickam, 2009).
To compare the variation between the two microarray slide batches
we calculated geometric coefficients of variation (GVC, expressed as
percentages) on natural log-transformed data, due to the underly-
ing log-normal distribution of antibody titers (Limpert et al., 2001).
We furthermore examined comparability of the two microarray
batches by means of a non-parametric Wilcoxon rank sum test.
To account for day-to-day variation and determine whether titer
measurements remain within an acceptable range over the dura-
tion of the study, we  calculated mean titers on log2 transformed
data (equivalent to geometric mean titer, GMT) per antigen and
storage condition, and calculated how many measurements trans-
gressed the range of plus/minus one dilution step around the
mean. Variation between antibody titer measurements is consid-
ered acceptable if it does not exceed a range of plus/minus one
dilution step from a central tendency measure, e.g. GMT  or median
(Ferngren and Granström 1986; Noah et al., 2009; Messmer et al.,
2001).

To quantify the effect of long term storage under different
storage conditions on titers per respective antigen over time, we
used a linear mixed effects model using package ‘lme4’ (Bates
et al., 2015; p.4). We  chose this approach as this type of analy-
sis is frequently applied in longitudinal studies that accounts for
dependence (repeated measures of the same entity) and potentially
unbalanced nature of the data (different number of measurements
per storage condition, Fig. 1) (Cheng et al., 2010; Laird and Ware
1982; van Montfort et al., 2010). The package ‘multcomp’ was
used to retrieve 95% confidence intervals (95% CI) for the estimates
(Hothorn et al., 2015). To meet the assumption of a normal distri-
bution of residuals, titers were similarly log2-transformed for this
analysis. We  entered the predictors ‘storage condition’ and ‘test-
ing time point’ as fixed effects combined in an interaction term
into the linear mixed effects model to allow for different slopes per

storage condition. To account for an observed − possibly seasonal
− trend (Fig. 2), we added trigonometric (sine & cosine) functions.
To account for the data possibly being clustered by batch and anti-
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Fig. 1. Experiment timeline. The study period spanned a total of 22 months. Periodic testing of spotted microarray slides was performed at a 2-month interval. Per testing
time  point, four slides − one slide per storage condition − were tested simultaneously. Temperature and relative humidity were logged (indicated by grey blocks) during
part  of the study for condition ‘Room temperature, non-desiccated’.

Fig. 2. Stability of viral (influenza A and measles virus)- and bacterial antigens (S. pneumoniae) printed onto microarray slides stored at four different temperature- and
humidity conditions. Antigen stability was assessed by periodic testing using specific serum pool aliquots at two-month-intervals (x-axis) covering a total study period of
22  months. Log2-titers are shown on the y-axis. Horizontal panels represent different storage conditions per antigen. Colored lines show titer measurements per antigen
and  storage condition. Horizontal, dotted black lines correspond to respective geometric mean titers. Measurements were acceptable if they remained within a range of
plus/minus one dilution step from the mean log2-titer. Grey ribbons show a 95% confidence interval around an invisible linear regression line to indicate trends in antigen
s
T ozen 

g
m
i

tability  over time. Baseline measurements (Test 0) are combined under one tick.
C  D: temperature-controlled and desiccated; 37C: 37 ◦C and desiccated; Frozen: fr
en, we included random intercepts for ‘batch’ and ‘antigen’, and
oreover, random effects for the interaction of time and stor-

ng condition per antigen. This allows that for antigen, the slopes
and desiccated; RT ND: room temperature and non-desiccated.
of time can differ for each storing condition. We  checked model
assumptions by inspecting residual plots, which did not reveal
overt deviations from homoscedasticity and normality. P-values
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ere obtained by means of the likelihood ratio test. A p-value of
ess than 0.05 was considered statistically significant.

. Results

.1. Effect of storage conditions on different antigen classes and
ongitudinal trends

Antibody titer measurements per storage condition and antigen
or the entire study period are presented in Fig. 2. Spotted microar-
ay slides stored at the current standard storage condition ‘TC D’
roved the most stable for all antigen classes and showed the least
ariation over time, compared to other conditions (Figs. 2 and 3).
reezing spotted microarray slides at −20 ◦C yielded the second
est results (Figs. 2 and 3).

In contrast, slides stored under conditions ‘RT ND’ and ‘37 ◦C’
esulted in higher variation in titers for different antigens
Figs. 2 and 3). While results were reasonable for influenza
nd Streptococcus antigens, the measles antigen was no longer
etectable after test time point 5 for ‘RT ND’, and test time point

 for ‘37 ◦C’, respectively. A further observation was that storage
onditions affected the titer estimates, again in an antigen depen-
ent manner: microarray slides stored under condition ‘37 ◦C’
enerally showed higher mean/median log2-titers to influenza
- and S.pneumoniae antigens, compared to other conditions

Figs. 2 and 3). Conversely, mean/median log2 titers against these
ntigens were lowest for frozen slides, whereas this was not
bserved for the measles antigen (Figs. 2 and 3).

To quantify the titer trends across different storage conditions,
e fitted a linear mixed effects model on log2-titers in which we

ccounted for the observed seasonal fluctuations (Fig. 2) and used
redictors as described in the methods section. To rule out more
ubtle changes between batches over time we included ‘batch’ in
he model which confirmed results of our initial comparison that no
ariation between the two microarray batches was observed over
ime (data not shown). Given the different nature of the antigens,
s expected, the model output showed some variation between the
ifferent antigen classes (variance: 1.65). Overall, we  found a slight
ecreasing trend on antigen stability for all storage conditions
ith estimates ranging from −0.012 to −0.065. The smallest sig-

al decrease over time for all antigens combined was  observed for
ondition ‘TC D’ (estimate: −0.012, 95%CI [−0.049, 0.024]). Back-
ransformed to titers, the estimate can be interpreted as follows:
very two months (interval between testing time points) for con-
ition ‘TC D’, the overall titer for all antigens combined decreased
y 0.86%. This further corroborates our observation that spotted
icroarray slides stored at condition ‘TC D’ remain the most sta-

le, irrespective of antigen type. Titer decreases for other conditions
ere slightly higher but still relatively low, with overall decreases

cross different antigens of 2.73% for ‘RT ND’ [estimate: −0.040;
5% CI (−0.253, 0.173)], 3.18% for ‘37 ◦C’ [estimate: −0.047; 95% CI;
−0.338, 0.245)] and 4.37% for ‘Frozen’ [estimate: −0.065; 95% CI
−0.134, 0.005)], respectively. When comparing a model including
storage condition’ versus a model without this predictor, ‘storage
ondition’ did significantly improve the model (Likelihood Ratio
2-test: 10.4, p-value = 0.0158), confirming that storage conditions
ave a significant influence on antigen stability. Titer changes over
ime for individual antigens, expressed as percentage increase or
ecrease, differed markedly between the different storage condi-
ions (Table 2).
.2. Titer fluctuations due to seasonal and day-to-day variation

Temperature and relative humidity measured at condition
RT ND’ showed fluctuations concordant with changing seasons and
al Methods 245 (2017) 53–60 57

ranged from 16 to 26 ◦C (median 21.5 ◦C) and 36–68% RH (median
47% RH), respectively. Overall, temperature and humidity did not
seem to have a large influence on antigen stability, as relative to
each other, titers against different antigens were largely clustered
across the different storage conditions and showed a comparable
trend over the entire study period (Fig. 2). When applying the con-
servative quality

score of less than one log2-dilution step deviation from the
mean for acceptance of the results, likewise, storage condition
‘TC D’ yielded the best result for all antigens. For this condition, only
one measurement of one antigen, influenza H5.07, was  rejected
(time point 12; Table 3). For condition ‘Frozen’, all measurements
against S. pneumoniae- and measles virus antigens remained within
the acceptable titer range throughout the study period, but some
(n = 4) of the influenza antibody titer estimates fluctuated more
than the accepted norm. For storage conditions ‘37 ◦C’ and ‘RT ND’,
the number of measurements deviating one dilution step from the
mean was  higher for all antigen classes (Table 3). For these two
conditions, means for the measles antigen and deviations of one
dilution step from it were calculated using only titer measurements
of testing time points 0–4 and 0–8, respectively. Time points there-
after were excluded due to antigen degradation (37 ◦C: test 5–12,
RT D: test 9–12, respectively).

4. Discussion

In this study, we assessed the stability of spotted microarray
slides containing different antigen classes under four storage con-
ditions with varying temperature- and humidity settings over a
total period of 22 months. A broad range of antigens, varying
from crude lysates of infected cells or microbial lysates to highly
purified microbial components (e.g. expressed proteins and bacte-
rial polysaccharides) are routinely used for serological assays, e.g.
ELISA, hemagglutination inhibition assay, Western Blot, as well as
multiplex techniques (protein microarrays and bead-based plat-
forms) (Tang and Stratton, 2013; Balmer et al., 2007). Antigen
stability can be influenced by the composition of the antigen, and
by various chemical and physical factors, such as temperature,
pH, oxidation, salt concentration, freeze-thaw cycles, proteases,
mechanical destruction as well as contact with solvents or con-
tamination with bacteria.

In our study, slides kept in a temperature-controlled and desic-
cated environment showed less overall variation than slides stored
at 37 ◦C or slides stored at room temperature and uncontrolled
humidity. This is in contrast to the recommendations by the man-
ufacturer to store slides at room temperature before and after
spotting. However, the use of a desiccant during the storage period
was not recommended as it supposedly could negatively influ-
ence results (GraceBioLabs, 2012). Humidity is known to negatively
affect protein properties (Hageman 1988), however, this effect
seemed to have a larger impact on measles and Streptococcus com-
pared to influenza virus antigens.

On the other hand, influenza virus antigens showed slightly
more variation when kept frozen and desiccated compared to the
other storage conditions and antigens. Previous reports showed
that proteins linked to nitrocellulose slides remained stable for at
least 3 years when kept under dry conditions at −20 ◦C (Espina et al.,
2011). It is conceivable that freeze-thawing might negatively affect
the stability of influenza antigens to a larger − but still moderate
− extent compared to other antigens (Cao et al., 2003). However,
as these effects cannot be directly compared given the differ-

ent nature of antigens (influenza: hemagglutinin part 1; measles:
whole inactivated virus; Streptococcus:  capsular polysaccharides)
and the differences in methods used for antigen preparation and
purification (influenza: 6xHIS-tag; measles: discontinuous sucrose
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Fig. 3. Boxplots showing distributions of log2-titers (y-axis) against different storage conditions (x-axis) presented per antigen (panel) over the entire study period. Titers
to  S. pneumoniae antigens showed the least variation for all storage conditions (log2-titer ranges: 1.2-2.41). Within the three influenza A antigens (H1.09, H5.05, H5.07)
we  found comparable titer distributions across the four storage conditions, with the lowest variation observed for condition ‘TC D’ (ranges: 1.47-2.18) and the highest for
‘RT  ND’ (log2-titer ranges for H1.09: 2.2; H5.05: 2.75) and 37 ◦C (H5.07: 2.66), respectively. With exception of conditions ‘37C’ and ‘RT ND’ which had a detrimental effect on
antigen stability, variation in log2-titers against the measles antigen was  low.
TC  D: temperature-controlled and desiccated; 37C: 37 ◦C and desiccated; Frozen: frozen and desiccated; RT ND: room temperature and non-desiccated.

Table 2
Percent titer change (increase or decrease) per antigen and storage condition for one unit change in testing time points, i.e. between two testing time points (2 months apart).

TC D, temperature-controlled and desiccated; 37 ◦C, 37 ◦ Celsius and desiccated; Frozen, frozen and desiccated; RT ND, room-temperature and non-desiccated; Color legend
indicating magnitude in titer changes: green: ≤5%, orange: >5 and <10%, red: ≥10%.

Table 3
Number of data points not passing the quality score of deviating less than one dilution step above (>1) or below (<1) the geometric mean titer per storage condition and
antigen  over time.

Storage condition Antigen <1 >1 Total n

Temperature-
controlled,
desiccated

H1.09 0 0 1
H5.05 0 0
H5.07 1 0
S.pneumoniae 0 0
Measles 0 0

Room temperature,
non-desiccated

H1.09 1 1 13
H5.05 1 2
H5.07 1 1
S.pneumoniae 2 0
Measles 3 1

Frozen H1.09 0 1 4
H5.05 0 1
H5.07 1 1
S.pneumoniae 0 0
Measles 0 0

37 ◦C H1.09 0 1 13
H5.05 1 2
H5.07 2 1
S.pneumoniae 2 0
Measles 2 2
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radient 20/40/70%; Streptococcus:  highly purified but exact purifi-
ation technique not stated by manufacturer), these differences
eed to be investigated in future research. Similarly, the extent
o which the different storage conditions affect the nitrocellulose
tself, i.e. the assay background, should be studied further.

Our data also shows that it is important to validate these find-
ngs for different antigens types. In this study, the most detrimental
ffects on antigen quality were observed for the measles anti-
en, which consisted of crude cell lysate, whereas the recombinant
roteins used gave more consistent results throughout the study
eriod. The instability of the measles antigen under the conditions

37 ◦C’ and ‘RT ND’ showed that this particular antigen would be
ess suitable for studies in warmer climates, unless stored appro-
riately. These findings highlight that it is paramount to evaluate
he stability and performance of a diagnostic assay under extreme
emperature and humidity conditions, if the test is to be deployed in
uch settings; for instance in tropical countries (Banoo et al., 2008).

We took care to keep variation due to external factors, e.g.
perator-induced, different lots of reagents etc., to a minimum.
o avoid batch effects, ideally the same batches of assays are used
hroughout the entire study period. However, particularly in large-
cale studies, that is not always feasible and batch effects can have

 significant impact on the outcome (Leek et al., 2010) and there-
ore we compared results for different batches prior to their use.

e performed this work as part of a project for improved avian
nfluenza surveillance. There is a strong push for enhanced stan-
ardization of serological testing after comparing reproducibility
f serological assays for diagnosis of the pandemic A(H1N1)pdm09
hich − without using a standard − revealed high inter-laboratory

ariation; median GCVs ranged from 95 to 345% for hemagglutina-
ion inhibition-, and 204–383% for virus neutralization assay, i.e. a
0- and 109-fold difference, respectively (Wood et al., 2012). The
icroarray described here constitutes an assay with a long shelf

ife that also allows standardization.

. Conclusion

In conclusion, this study showed that spotted microarray slides
ontaining influenza, measles and streptococcus antigens can be
tored up to 22 months without quality loss when kept in a
ark, desiccated and temperature-controlled environment. We  also

ound good results at conditions compatible with situation in devel-
ping countries, although this needs to be assessed for each antigen
eparately. Our findings are assuring for large-scale studies, as this
roperty allows production and stockpiling of multiple batches
ithin a short period of time using the same reagents, thereby

eeping variation between batches to a minimum.

onflict of interest

None declared.

unding

This project was supported by the European Commission’s FP7
rogram under the umbrella of the Antigone project − ANTIcipat-

ng the global onset of novel epidemics (project number 278976,
ttp://antigonefp7.eu/). The funder had no role in study design,
ata collection and analysis, decision to publish, or preparation of
he manuscript.
cknowledgement

We  would like thank Ilse Zutt for excellent technical assistance.
al Methods 245 (2017) 53–60 59

References

Balmer, P., Cant, A.J., Borrow, R., 2007. Anti-pneumococcal antibody titre
measurement: what useful information does it yield? J. Clin. Pathol. 60 (4),
345–350.

Banoo, S., et al., 2008. Evaluation of diagnostic tests for infectious diseases: general
principles. Nat. Rev. Microbiol. 8, S16–S28.

Bates, D., et al., 2015. Lme4: Linear Mixed-Effects Models Using Eigen and S4
(Available at: https://cran.r-project.org/web/packages/lme4/index.html
[Accessed November 4, 2015]).

Beauté, J., et al., 2012. Overrepresentation of influenza A(H1N1)pdm09 virus
among severe influenza cases in the 2011/12 season in four European
countries. Euro Surveillance 17 (9).

Boni, M.F., et al., 2013. Population-level antibody estimates to novel influenza
A/H7N9. J. Infect. Dis., jit224.

Cao, E., et al., 2003. Effect of freezing and thawing rates on denaturation of proteins
in  aqueous solutions. Biotechnol. Bioeng. 82 (6), 684–690.

Cauchemez, S., et al., 2012. Influenza infection rates, measurement errors and the
interpretation of paired serology. PLoS Pathog. 8 (12), e1003061.

Cheng, J., et al., 2010. Real longitudinal data analysis for real people: building a
good enough mixed model. Statist. Med. 29 (4), 504–520.

Ejima, K., et al., 2012. The time required to estimate the case fatality ratio of
influenza using only the tip of an iceberg: joint estimation of the virulence and
the  transmission potential. Comput. Math. Methods Med. 2012 (978901).

Espina, V., Mueller, C., Liotta, L.A., 2011. Phosphoprotein stability in clinical tissue
and  its relevance for reverse phase protein microarray technology. Methods
Mol. Biol. (Clifton, N.J.) 785, 23–43.

Ferngren, H., Granström, M.,  1986. Antitoxin in human pertussis immune
globulins. J. Biol. Stand. 14 (4), 297–303.

Freidl, G.S., et al., 2014. Getting more out of less − a quantitative serological
screening tool for simultaneous detection of multiple influenza a
hemagglutinin-types in chickens. PLoS One 9 (9), e108043.

Freidl, G.S., et al., 2015. Serological evidence of influenza a viruses in frugivorous
bats from Africa. PLoS One 10 (5), e0127035.

Gibbons, C.L., et al., 2014. Measuring underreporting and under-ascertainment in
infectious disease datasets: a comparison of methods. BMC  Public Health 14
(1),  147.

GraceBioLabs, 2012. Oncyte Guide to Protein Microarrays (Available at: http://
www.gracebio.com/media/
ONCYTE%20Guide%20to%20Protein%20Microarrays%20062012.pdf).

Hageman, M.J., 1988. The role of moisture in protein stability. Drug Dev. Ind.
Pharm. 14 (14), 2047–2070.

Hothorn, T., et al., 2015. Multcomp: Simultaneous Inference in General Parametric
Models (Available at: https://cran.r-project.org/web/packages/multcomp/
index.html [Accessed November 4, 2015]).

Huijskens, E.G.W., et al., 2013. Profiling of humoral response to influenza
A(H1N1)pdm09 infection and vaccination measured by a protein microarray in
persons with and without history of seasonal vaccination. PLoS ONE 8 (1),
e54890.

Koopmans, M., et al., 2012. Profiling of humoral immune responses to influenza
viruses by using protein microarray. Clin. Microbiol. Infect. 18 (8), 797–807.

Kumar, S., Henrickson, K.J., 2012. Update on influenza diagnostics: lessons from
the  novel H1N1 influenza A pandemic. Clin. Microbiol. Rev. 25 (2), 344–361.

Laird, N.M., Ware, J.H., 1982. Random-effects models for longitudinal data.
Biometrics 38 (4), 963–974.

Laurie, K.L., et al., 2013. Influenza serological studies to inform public health
action: best practices to optimise timing, quality and reporting. Influenza
Other Respir. Viruses 7 (March 2), 211–224, http://dx.doi.org/10.1111/j.1750-
2659.2012.0370a.x, Epub 2012 Apr 30.

Leek, J.T., et al., 2010. Tackling the widespread and critical impact of batch effects
in  high-throughput data. Nat. Rev. Genet. 11 (10), 733–739.

Limpert, E., Stahel, W.A., Abbt, M.,  2001. Log-normal distributions across the
sciences: keys and clues on the charms of statistics, and how mechanical
models resembling gambling machines offer a link to a handy way to
characterize log-normal distributions, which can provide deeper insight into
variability and probability—normal or log-normal: that is the question.
Bioscience 51 (5), 341–352.

Messmer, T.O., et al., 2001. Comparison of two  commercial
microimmunofluorescence kits and an enzyme immunoassay kit for detection
of  serum immunoglobulin G antibodies to chlamydia pneumoniae. Clin. Diagn.
Lab. Immunol. 8 (3), 588–592.

Noah, D.L., et al., 2009. Qualification of the hemagglutination inhibition assay in
support of pandemic influenza vaccine licensure. Clin. Vaccine Immunol.: CVI
16  (4), 558–566.

Revelle, W.,  2015. Psych: Procedures for Personality and Psychological Research.
Northwestern University, Evanston, Illinois USA (Available at: http://CRAN.R-
project.org/package=psych).

Tang, Y.-W., Stratton, C.W. (Eds.), 2013. Advanced Techniques in Diagnostic
Microbiology. Boston, MA,  Springer US, http://dx.doi.org/10.1007/978-1-4614-
3970-7 (Available at: http://link.springer.com [Accessed November 4, 2015]).

Taubitz, W.,  et al., 2007. Chikungunya fever in travelers: clinical presentation and

course. Clin. Infect. Dis. 45 (1), e1–e4.

WHO, 2009. Dengue: Guidelines for Diagnosis, Prevention and Control − New
Edition.

Wickam, H., 2009. Ggplot2: Elegant Graphics for Data Analysis. Springer, New
York, USA.

http://antigonefp7.eu/
http://antigonefp7.eu/
http://antigonefp7.eu/
http://antigonefp7.eu/
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0005
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0005
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0005
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0005
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0005
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0005
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0005
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0005
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0005
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0005
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0005
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0005
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0005
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0005
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0005
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0005
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0005
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0005
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0010
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0010
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0010
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0010
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0010
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0010
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0010
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0010
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0010
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0010
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0010
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0010
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0010
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0010
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0010
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0010
https://cran.r-project.org/web/packages/lme4/index.html
https://cran.r-project.org/web/packages/lme4/index.html
https://cran.r-project.org/web/packages/lme4/index.html
https://cran.r-project.org/web/packages/lme4/index.html
https://cran.r-project.org/web/packages/lme4/index.html
https://cran.r-project.org/web/packages/lme4/index.html
https://cran.r-project.org/web/packages/lme4/index.html
https://cran.r-project.org/web/packages/lme4/index.html
https://cran.r-project.org/web/packages/lme4/index.html
https://cran.r-project.org/web/packages/lme4/index.html
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0020
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0025
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0025
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0025
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0025
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0025
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0025
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0025
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0025
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0025
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0025
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0025
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0030
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0035
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0035
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0035
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0035
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0035
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0035
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0035
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0035
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0035
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0035
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0035
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0035
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0035
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0035
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0035
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0035
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0040
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0045
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0050
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0055
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0055
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0055
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0055
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0055
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0055
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0055
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0055
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0055
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0055
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0055
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0055
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0055
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0055
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0060
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0065
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0065
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0065
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0065
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0065
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0065
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0065
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0065
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0065
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0065
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0065
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0065
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0065
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0065
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0065
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0065
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0070
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0070
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0070
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0070
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0070
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0070
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0070
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0070
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0070
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0070
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0070
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0070
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0070
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0070
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0070
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0070
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0070
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0070
http://www.gracebio.com/media/ONCYTE Guide to Protein Microarrays 062012.pdf
http://www.gracebio.com/media/ONCYTE Guide to Protein Microarrays 062012.pdf
http://www.gracebio.com/media/ONCYTE Guide to Protein Microarrays 062012.pdf
http://www.gracebio.com/media/ONCYTE Guide to Protein Microarrays 062012.pdf
http://www.gracebio.com/media/ONCYTE Guide to Protein Microarrays 062012.pdf
http://www.gracebio.com/media/ONCYTE Guide to Protein Microarrays 062012.pdf
http://www.gracebio.com/media/ONCYTE Guide to Protein Microarrays 062012.pdf
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0080
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0080
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0080
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0080
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0080
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0080
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0080
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0080
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0080
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0080
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0080
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0080
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0080
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0080
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0080
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0080
https://cran.r-project.org/web/packages/multcomp/index.html
https://cran.r-project.org/web/packages/multcomp/index.html
https://cran.r-project.org/web/packages/multcomp/index.html
https://cran.r-project.org/web/packages/multcomp/index.html
https://cran.r-project.org/web/packages/multcomp/index.html
https://cran.r-project.org/web/packages/multcomp/index.html
https://cran.r-project.org/web/packages/multcomp/index.html
https://cran.r-project.org/web/packages/multcomp/index.html
https://cran.r-project.org/web/packages/multcomp/index.html
https://cran.r-project.org/web/packages/multcomp/index.html
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0090
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0095
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0100
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0105
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0105
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0105
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0105
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0105
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0105
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0105
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0105
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0105
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0105
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0105
dx.doi.org/10.1111/j.1750-2659.2012.0370a.x
dx.doi.org/10.1111/j.1750-2659.2012.0370a.x
dx.doi.org/10.1111/j.1750-2659.2012.0370a.x
dx.doi.org/10.1111/j.1750-2659.2012.0370a.x
dx.doi.org/10.1111/j.1750-2659.2012.0370a.x
dx.doi.org/10.1111/j.1750-2659.2012.0370a.x
dx.doi.org/10.1111/j.1750-2659.2012.0370a.x
dx.doi.org/10.1111/j.1750-2659.2012.0370a.x
dx.doi.org/10.1111/j.1750-2659.2012.0370a.x
dx.doi.org/10.1111/j.1750-2659.2012.0370a.x
dx.doi.org/10.1111/j.1750-2659.2012.0370a.x
dx.doi.org/10.1111/j.1750-2659.2012.0370a.x
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0115
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0120
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0125
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0130
http://CRAN.R-project.org/package=psych
http://CRAN.R-project.org/package=psych
http://CRAN.R-project.org/package=psych
http://CRAN.R-project.org/package=psych
http://CRAN.R-project.org/package=psych
http://CRAN.R-project.org/package=psych
dx.doi.org/10.1007/978-1-4614-3970-7
dx.doi.org/10.1007/978-1-4614-3970-7
dx.doi.org/10.1007/978-1-4614-3970-7
dx.doi.org/10.1007/978-1-4614-3970-7
dx.doi.org/10.1007/978-1-4614-3970-7
dx.doi.org/10.1007/978-1-4614-3970-7
dx.doi.org/10.1007/978-1-4614-3970-7
dx.doi.org/10.1007/978-1-4614-3970-7
dx.doi.org/10.1007/978-1-4614-3970-7
dx.doi.org/10.1007/978-1-4614-3970-7
dx.doi.org/10.1007/978-1-4614-3970-7
http://link.springer.com
http://link.springer.com
http://link.springer.com
http://link.springer.com
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0145
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0145
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0145
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0145
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0145
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0145
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0145
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0145
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0145
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0145
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0145
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0145
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0145
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0145
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0145
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0145
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0150
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0150
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0150
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0150
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0150
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0150
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0150
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0150
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0150
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0150
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0155
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0155
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0155
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0155
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0155
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0155
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0155
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0155
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0155
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0155


6 ologic

W

d

van Montfort, K., Oud, J.H.L., Satorra, A. (Eds.), 2010. Longitudinal Research with
0 G.S. Freidl et al. / Journal of Vir

ood, J.M., et al., 2012. Reproducibility of serology assays for pandemic influenza

H1N1: collaborative study to evaluate a candidate WHO  International
Standard. Vaccine 30 (2), 210–217.

e Bruin, E., et al., 2014. Evolution of an influenza pandemic in 13 countries from 5
continents monitored by protein microarray from neonatal screening
bloodspots. J. Clin. Virol. 61 (1), 74–80.
al Methods 245 (2017) 53–60
Latent Variables. Springer Berlin Heidelberg, Berlin, Heidelberg (Available at:
http://link.springer.com/10.1007/978-3-642-11760-2 [Accessed November 4,
2015]).

http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0160
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0165
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0170
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0170
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0170
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0170
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0170
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0170
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0170
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0170
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0170
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0170
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0170
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0170
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0170
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0170
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0170
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0170
http://refhub.elsevier.com/S0166-0934(16)30521-3/sbref0170

	Exploring novel sero-epidemiological tools—Effect of different storage conditions on longitudinal stability of microarray ...
	1 Introduction
	2 Materials and methods
	2.1 Antigen selection and production of microarray slides
	2.2 Microarray protocol
	2.3 Storage conditions
	2.4 Study set up
	2.5 Statistical analysis

	3 Results
	3.1 Effect of storage conditions on different antigen classes and longitudinal trends
	3.2 Titer fluctuations due to seasonal and day-to-day variation

	4 Discussion
	5 Conclusion
	Conflict of interest
	Funding
	Acknowledgement
	References


