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Brucella abortus, a smooth strain of the genus Brucella, is the causative agent of bovine brucellosis. To support the ongoing de-
velopment of diagnostic tests for bovine brucellosis, the use of Protein Saver cards (Whatman) for bovine blood serum and
plasma sample collection has been evaluated. These cards offer significant logistical and safety alternatives to transporting and
storing liquid samples and may aid in diagnostic programs and validation studies. To evaluate the utility of these cards, 204 bo-
vine blood serum samples from Brucella-infected and noninfected animals were stored on and eluted from the Protein Saver
cards. Anti-Brucella smooth lipopolysaccharide (sLPS) antibody titers for the serum eluates were compared to those of the un-
processed original serum samples by indirect enzyme-linked immunosorbent assay (ELISA). The results showed a highly signifi-
cant correlation between titers from the serum eluates and the unprocessed sera. Therefore, under these circumstances, serum
eluates and unprocessed serum samples may be used interchangeably. Blood plasma from 113 mitogen-stimulated whole-blood
samples was added to and eluted from the Protein Saver cards. The gamma interferon (IFN-�) titers in the plasma eluates were
compared to those of the unprocessed plasma samples obtained by IFN-� ELISA. The results showed a significant correlation
between the plasma eluates and the unprocessed plasma samples. To derive a signal in the plasma eluate, it was necessary to de-
velop a novel and highly sensitive ELISA for the detection of IFN-�. The serum samples stored on cards at room temperature
over a 10-day period showed little variation in antibody titers. However, the plasma eluates showed a progressive loss of IFN-�
recovery over 10 days when stored at room temperature.

Brucella abortus is a Gram-negative facultative intracellular bac-
terium that causes disease in both humans and animals. In

humans, brucellosis causes undulant fever, arthritis, endocarditis,
and meningitis (1). In domestic and wild animals, the disease
causes abortion and infertility (2). Brucellosis is prevalent world-
wide and is widely distributed (3). It is therefore a disease of sig-
nificant economic and social importance.

Bacteriological isolation of B. abortus is considered to be the
gold standard for diagnosis; however, culture methods are time-
consuming, require considerable expertise, and can result in low
frequency of isolation (4). There is a lack of clinical signs of infec-
tion other than abortions; therefore, serological tests are used for
surveillance, as they are cost-effective, rapid, and useful for diag-
nosis (5). Serological techniques are therefore considered to be the
mainstay of diagnostic and mass testing programs for screening,
trade, and eradication schemes (6). However, classical and con-
temporary serological tests are prone to problems with false-pos-
itive serological reactors (FPSRs) caused by cross-reactions with
other Gram-negative bacteria that possess a similar O polysaccha-
ride, such as Yersinia enterocolitica (Ye 0:9), in areas of low or zero
brucellosis prevalence (7). Such FPSRs may result in the unneces-
sary isolation of animals, trade restrictions, animal slaughter, loss
of value, and compensation costs.

The impact of cross-reactivity in serological assays leading to
FPSRs may be reduced by additionally measuring the cellular im-
mune response to Brucella antigens. The Brucella-specific produc-
tion of gamma interferon (IFN-�) in blood plasma produced by
lymphocytes in antigen-stimulated whole-blood samples may be
detected by indirect enzyme-linked immunosorbent assay
(iELISA) (8, 9). Therefore, further refinements of these serological

and cellular methods and their subsequent validation with large
sample numbers are of interest.

Laboratories in countries with an official brucellosis-free status
rely on archived collections and collaborations with other coun-
tries to establish panels of samples for use in assay development
and validation (10). The import of samples can prove to be a
challenge due to the legal restrictions on importing material from
infected animals and the requirement for cold transportation, as
the latter is not always available or is too expensive in some coun-
tries where brucellosis is endemic. The transportation of liquid
samples is also considered to be a safety risk due to the potential
infection hazard that would occur in the event of leakage. Samples
on cards are still considered infectious material; however, the vol-
umes of the samples are reduced and the samples are not in a
liquid format, thus reducing the risk of leakage. Protein Saver
cards (Whatman) may therefore be a valuable tool for aiding sam-
ple transportation and establishing a panel of samples.

Protein Saver cards (Whatman), often known as Guthrie cards,
have been used as a means of sample storage for neonatal screen-
ing since 1963 (11). Since the development of these cards, they
have been used in hospital laboratories for testing card eluates by
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ELISA and PCR for the clinical diagnosis of multiple diseases (12–
18). These cards have also been used in veterinary diagnostics,
most recently for the detection of anti-Brucella antibodies in car-
ibou (19–21). To our knowledge, the use of these cards to directly
store and elute bovine blood serum and plasma samples for the
detection of anti-Brucella lipopolysaccharide (LPS) antibodies
and IFN-� is a novel use for a well-established method.

In this study, the blood serum and plasma supernatants were
absorbed onto and subsequently eluted off Protein Saver cards
(Whatman). In order to detect the IFN-� content in the plasma
eluates, it was necessary to develop a more sensitive ELISA, since
the volume of sample eluted from each spot was 1.875 �l (when
calculating the volume of sample within the area of a circle) and
we could not replicate the 1:2 dilution (50 �l plasma and 50 �l
buffer) required for the Bovigam IFN-� ELISA. IFN-� was unde-
tectable at such small volumes, so the IFN-� ELISA was modified
with a streptavidin–poly-horseradish peroxidase (HRP) amplifi-
cation step to increase sensitivity and derive a signal from the
plasma eluate. The Protein Saver card eluates were tested in par-
allel with the unprocessed original samples by ELISAs in order to
detect both Brucella-specific antibodies and cytokines raised in
response to Staphylococcus enterotoxin B (SEB) mitogens. The
aim of this investigation was to determine whether samples stored
on these cards can be used interchangeably with unprocessed liq-
uid samples. The interchangeable use of cards and liquid samples
may ultimately lead to an increased number of samples being
available for validation, test development, and assistance for diag-
nostic efforts in other countries.

MATERIALS AND METHODS
Sample collection. A panel of 204 bovine blood serum samples was se-
lected from a frozen serum archive. The panel contained 28 samples from
cattle confirmed by bacterial culture to be infected with B. abortus and 16
serologically positive serum samples from cattle within areas of Turkey
where brucellosis is endemic, all subsequently referred to as “Brucella-
infected.” The panel also included 160 serum samples from cattle from a
Brucella-free area (Great Britain), subsequently referred to as “nonin-
fected.” Bovine whole-blood samples were also collected for IFN-� detec-
tion from 113 animals in areas of Turkey where Brucella spp. are endemic.
The serum sample for the time study was from an experimentally infected
Brucella culture-positive animal. The SEB-stimulated whole-blood sam-
ple for the time study was from a Brucella-negative animal from Great
Britain.

Standard indirect ELISA (iELISA) for the detection of anti-Brucella
smooth LPS antibodies in serum. The iELISA smooth lipopolysaccharide
(sLPS) antigen was prepared by hot phenol extraction (22, 23). The
iELISA was performed as described previously (24), with some modifica-
tions. Briefly, Nunc 96-well polystyrene plates were coated with B. abortus
strain S99 sLPS antigen, incubated for 18 to 24 h between 2 and 8°C, and
then washed five times with distilled water.

Bovine serum samples were diluted 1:200 in phosphate-buffered sa-
line (PBS)-Tween 20 and added to the B. abortus S99 sLPS antigen-coated
ELISA plate. The plate was incubated for 1 h at room temperature on a
rotary plate shaker at 120 rpm. Next, the plate was washed five times with
PBS-Tween 20. Sheep anti-bovine IgG-horseradish peroxidase conjugate
(Serotec) was diluted to a working strength of 0.1 �g/ml in PBS-Tween 20
and added to the plate. The plate was incubated as described above.

The plate was washed again, as described before. Next, substrate buffer
(Fluka) with H2O2 (VWR) and 2,2=-azinobis(3-ethylbenzthiazolinesulfo-
nic acid) (ABTS) chromogen (Sigma) were added to the plate and incu-
bated at room temperature for 15 min. The reaction was then slowed with
0.01 M sodium azide stopping solution and the plate was read at an ab-
sorbance of 405 nm using a Beckman Coulter plate reader. The optical

density (OD) was indicative of the amount of antibody binding, and the
results were calculated as the mean ODs of the samples, tested in dupli-
cate.

Whole-blood antigenic stimulation IFN-� assay. Bovine whole
blood was collected from the jugular vein in heparinized Vacutainers and
stimulated within 18 to 24 h after collection, following a method based
upon the method developed by Weynants et al. (8). Briefly, SEB (Sigma)
was diluted on the plate in sterile PBS at 8 �g/ml, for a final dilution of 4
�g/ml. SEB was included as a mitogen to generate IFN-� for the measure-
ment of the amount of IFN-� recovered from the card compared to that
recovered from the unprocessed blood plasma sample. A negative stimu-
latory control containing no antigen, only sterile PBS, was also included.
Each whole-blood sample was tested with the SEB and PBS in duplicate.

The SEB and PBS were added to a Nunclon Delta 96-well MicroWell
cell culture plate (Thermo Scientific Nunc) (100 �l per well). Next, 100 �l
of whole-blood sample was added to each well and mixed. The samples
were incubated at 37°C with 5% CO2 for 18 to 24 h.

After stimulation, the red blood cells had settled and the plasma su-
pernatant was harvested from each well and stored in nonbinding storage
plates at �20°C until further analysis using the Bovigam IFN-� test kit
(Prionics AG, Switzerland) or an adaptation of this method (as described
below).

Bovigam IFN-� test kit ELISA. IFN-� content was measured using an
ELISA kit, the Bovigam gamma interferon test kit for cattle (Prionics AG,
Switzerland). The test was performed according to the manufacturer’s
instructions (25, 26). The optical densities of the assay wells containing no
sample were subtracted from the optical densities of the antigen-stimu-
lated blood plasma samples and controls in order to calculate the results.
The results were then expressed as the OD as a percentage of the Bovigam
IFN-� test kit positive control OD.

Protein Saver cards smooth LPS iELISA for serum. Blood serum (30
�l) was placed on premarked 1.2-cm-diameter sample circles on the
Whatman Protein Saver 903 cards and dried overnight at room tem-
perature.

A 3-mm-diameter disposable biopsy punch with a plunger (Miltex)
was used to punch out spots from the cards impregnated with the serum
samples.

The spots (1 spot per well) were added to a Nunclon Delta 96-well
MicroWell plate (Thermo Scientific Nunc) containing 300 �l PBS-
Tween. The plate was incubated at room temperature for 18 to 24 h on a
rotary shaker at 120 rpm to elute analytes from the spots.

Blood serum-impregnated spot eluates were added without further
dilution (100 �l per well) to wells of a B. abortus S99 LPS antigen-coated
ELISA plate. The unprocessed original serum samples were tested along-
side on the same plate following the serum iELISA method described
above.

Modified IFN-� ELISA. An amplification step using streptavidin–
poly-horseradish peroxidase (poly-HRP; Fisher) was investigated (27).

(i) Development of the modified IFN-� ELISA. The Bovigam IFN-�
test kit (Prionics AG, Switzerland) was modified for enhanced sensitivity
by the inclusion of an amplification step using streptavidin-poly-HRP. No
Protein Saver cards were used for this initial development.

The Bovigam IFN-� test kit positive control was titrated in doubling
dilutions in the kit sample diluent and added to the kit microplate in
duplicate wells (100 �l per well). The sample was tested following the
Bovigam IFN-� test kit method as described above.

The same dilutions of the Bovigam IFN-� test kit positive control were
also tested using an amplification step. The sample dilutions were added
to a test kit microplate, incubated on a rotary shaker at 600 rpm for 1 h,
and washed 6 times with wash buffer. Mouse anti-bovine IFN-�:biotin
(Serotec) was diluted to 0.5 �g/ml in Bovigam IFN-� test kit conjugate
diluent buffer instead of the kit’s mouse anti-bovine HRP-labeled conju-
gate; 100 �l per well was added to the plate and incubated as described
above. After incubation, the plate was washed as described above.

Streptavidin-poly-HRP (Fisher) was diluted to 0.04 �g/ml in the Bo-
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vigam IFN-� test kit conjugate diluent buffer and was added to the wells
being tested at the incubation step. The plate was incubated as described
above. Next, the plate was developed according to the manufacturer’s
instructions (25, 26).

(ii) Application of stimulated whole-blood plasma to Protein Saver
card eluates. The plasma from the whole-blood stimulation was added to
1.2-cm-diameter sample circles already marked on Whatman Protein
Saver 903 cards (30 �l per sample) and allowed to dry at room tempera-
ture for 18 to 24 h. The 3-mm-diameter spots (1 spot per well) were then
punched from the plasma-impregnated cards using a biopsy punch with a
plunger (Miltex) and added to a Nunclon Delta 96-well MicroWell plate
(Thermo Scientific Nunc) containing 100 �l PBS-Tween 20 (duplicate
wells per sample). The plate was incubated at room temperature for 18 to
24 h on a rotary shaker at 120 rpm to elute the analytes from the cards.

The blood plasma eluates were transferred to a Bovigam IFN-� test kit
microplate (Prionics AG, Switzerland) in duplicate without further dilu-
tion and incubated at room temperature for 1 h on a rotary shaker at 600
rpm. Next, the plate was washed six times with kit wash buffer. The
method then followed the modified IFN-� ELISA method at the amplifi-
cation step. The optical densities of the assay wells containing no sample
were subtracted from the optical densities of the antigen-stimulated
plasma samples and controls in order to calculate the results. The results
were then expressed as the OD as a percentage of the Bovigam IFN-� test
kit positive control.

Evaluation of sample intra- and intercard uniformity. The inter- and
intracard variations for the serum eluates were assessed by taking spots
from 5 different positions on 5 cards and testing in different wells of an
ELISA plate. The results were compared by two-way analysis of variance
(ANOVA).

Evaluating analyte stability over time. The samples were added to
Whatman Protein Saver 903 cards and left at room temperature for up to
10 days prior to elution and evaluation to determine whether there would
be any decrease in titers. Blood serum from a Brucella culture-positive
animal was added to the cards at 10, 7, 5, 4, 3, 2, and 1 day before elution
and stored at room temperature in sealed foil multibarrier pouches
(Whatman) containing silica gel sachets. The analytes were tested follow-
ing the Protein Saver cards sLPS iELISA method for serum.

Bovine whole blood from one animal was stimulated with SEB as

described above. The plasma from this sample was added to Whatman
Protein Saver 903 cards at 10, 9, 8, 7, 6, 5, 4, 3, 2, and 1 day before elution
and stored between 1 and 10 days at room temperature in sealed foil
multibarrier pouches (Whatman) containing silica gel sachets. The ana-
lytes were then tested following the modified IFN-� ELISA method.

Sodium azide (2%) was also added to aliquots of the serum and plasma
samples, and the effects of treatment with the bactericidal agent were
evaluated over 10 days according to the above-described methods.

Statistical analysis. The intra- and interassay variations were com-
pared by two-way ANOVA and the coefficient of variation (CV). The sLPS
ELISA results, expressed as the mean OD for the serum eluates and the
unprocessed original samples (n � 204), were compared by Pearson’s
coefficients of correlation and regression coefficients. The results of the
plasma eluates and unprocessed original plasma samples (n � 113) tested
by the Bovigam IFN-� test kit (Prionics AG, Switzerland) and modified
IFN-� ELISA were also compared by Pearson’s coefficients of correlation
and regression coefficients. The influence of the time of storage on the
cards was compared based on the CV and regression analysis for the OD as
a percentage of the positive control, for both the serum and plasma sam-
ples.

RESULTS
Sample intra- and intercard uniformity. Figure 1 compares the
replicate eluates with the unprocessed original serum sample in
the standard iELISA by a vertical scatter plot. A two-way ANOVA
was performed and the coefficient of variation was calculated.
There was no significant difference in the ODs between the repli-
cate card eluates and the unprocessed original serum samples by
two-way ANOVA (P � 0.5194) and no significant difference be-
tween the card eluate replicates (P � 0.8168). The CV between the
cards and spots was very low (1.49%). These data demonstrate
that the analytes are uniformly distributed and that the position of
the spot does not influence outcome.

Serum smooth LPS iELISA. Figure 2 shows a significant posi-
tive correlation between the eluates and unprocessed original se-
rum samples when tested by sLPS ELISA. The Pearson’s correla-
tion coefficient (r) for the 44 serum samples from infected animals
was 0.9753 (P � 0.0001), with a 95% confidence interval of 0.9548
to 0.9865. The data for the serum samples from 160 uninfected
animals gave a Pearson’s correlation coefficient (r) of 0.7578 (P �
0.0001). The 95% confidence interval for these data was 0.6830 to
0.8169. The regression coefficient y was 1.0033x.

Development of the modified IFN-� ELISA. Figure 3 demon-
strates the effect of an amplification step added to the standard

FIG 1 Vertical scatter plot to compare replicates of a serum sample eluted
from Protein Saver cards and replicates of the unprocessed original serum
sample tested by smooth LPS iELISA. The black horizontal lines represent the
mean values of 5 replicate eluates taken from each of 5 Protein Saver cards and
the means of the unprocessed original serum replicates.

FIG 2 Scatter plot to compare serum samples tested as card eluates and as
unprocessed original sera tested by smooth LPS iELISA. The mean results of
two replicates are shown as the OD. Red circles indicate samples from Brucella-
infected animals, and the blue squares indicate samples from noninfected
animals.
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Bovigam ELISA. The use of streptavidin-poly-HRP produced a
32-fold increase in the analytical sensitivity of the assay. The low-
est limit of detection of the standard Bovigam ELISA was at a 1:256
sample dilution and it had an upper limit of detection of 1:2. The
lowest limit of detection for the amplified IFN-� assay was at a
dilution of 1:8,192 and it had an upper limit of detection of 1:256.
Therefore, the modified IFN-� ELISA has a narrower dynamic
range but greater analytical sensitivity than the standard Bovigam
ELISA.

Modified IFN-� ELISA compared to Bovigam ELISA. Figure
4 compares the data from 113 plasma samples taken from mito-
genically stimulated whole blood. The data for both the eluates
and the unprocessed original plasma samples were calculated as a
percentage of the IFN-� positive-control wells. The graph shows a
positive correlation between both methods. The Pearson’s corre-
lation coefficient (r) for SEB was 0.7947 (P � 0.0001), with a 95%
confidence interval of 0.7149 to 0.8541. The regression coefficient
was y � 0.8608x.

Analyte stability over time. Figure 5 demonstrates that there
was very little difference in the antibody titers recovered from the
blood serum added to the cards over a period of 10 days, with a CV
of 2.4% between days. The slope of the regression line for the

serum eluates did not differ significantly from 0 (P � 0.1) (regres-
sion line not shown). There was a gradual decrease in detectable
levels of IFN-� in the plasma stored on the cards over 10 days at
room temperature. The CV for the IFN-� titers for each of the
days (as the OD as a percentage of the plasma positive control)
from the plasma eluates was 22.9%. The slope of the regression
line for the plasma eluates differed significantly from 0 (P � 0.05)
over a period of 10 days (regression line not shown).

The addition of 2% sodium azide to the serum samples re-
sulted in a CV of 2.2% between days, and the slope of the regres-
sion line did not differ significantly from 0 (P � 0.05) (regression
line not shown). The addition of 2% sodium azide to the plasma
samples had a significant impact on the IFN-� titers, and they
decreased significantly on all days. The addition of 2% sodium
azide to the plasma samples showed a CV of 54.3% between days.
The slope of the regression line for the plasma eluates differed
significantly from 0 (P � 0.05) over a period of 10 days (regression
line not shown).

DISCUSSION

This study evaluated the use of Protein Saver cards (Whatman) to
store and elute bovine blood serum and plasma samples for the
detection of anti-Brucella LPS antibodies and mitogen-stimulated
IFN-� by ELISA. The aim of this project was to determine the
utility of these cards to be used interchangeably with unprocessed
liquid samples to enable their future use as an aid in bovine bru-
cellosis diagnosis.

It was determined that there was no significant inter- or intra-
card variation, demonstrating that the serum elution method was
repeatable. This is in keeping with the findings of other studies,
such as neonatal screening programs, where all spots are consid-
ered equal, therefore giving equivalent analyte recovery results
when using the same-sized punch (11, 28, 29).

The utility of the Protein Saver cards was successfully validated
with a small study of 204 bovine serum samples from known prov-
enances. The detection parameters of the card eluates and the
unprocessed original serum samples tested by the sLPS iELISA
showed very good agreement. The slope of the line was y �
1.0033x, and it may be concluded that the eluates and the unpro-
cessed serum samples tested by the sLPS iELISA can be used in-
terchangeably.

Plasma from mitogen-stimulated whole-blood samples was
used to assess a method for detecting IFN-� content in plasma that

FIG 3 The optical density (OD) of the Bovigam ELISA compared with the
modified IFN-� ELISA. Blue squares represent the ODs of the samples tested
by the Bovigam ELISA, and the black triangles represent the ODs of the sam-
ples tested by the modified IFN-� ELISA with the amplification step.

FIG 4 Scatter plot of plasma samples tested as Protein Saver card eluates by the
modified IFN-� ELISA compared to the unprocessed original plasma samples
tested by the Bovigam ELISA.

FIG 5 Antibody titers in serum eluates and IFN-� in plasma eluates, as a
percentage of positive controls, for samples stored on sample collection cards
over 10 days. Data points represent the means of 4 replicates. Circles, serum
eluates; squares, plasma eluates; blue inverted triangles, serum eluates with
sodium azide; blue triangles, plasma eluates with sodium azide.
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was added to and eluted from Protein Saver cards. Initially, the
detection of IFN-� in the eluates was unsuccessful, as the ELISA
was not sufficiently sensitive. The Bovigam IFN-� ELISA (Prion-
ics) required 50 �l of sample, whereas the eluate from the card
gave a volume of 1.875 �l per spot (when calculating the volume
of sample within the area of a circle) and could not replicate the 1:2
dilution required for the Bovigam IFN-� ELISA. Therefore, an
additional conjugate was included to increase the analytical sensi-
tivity of the assay through amplification of the signal. The Bo-
vigam ELISA was adapted to include a biotinylated conjugate in-
stead of the anti-IFN-�– horseradish peroxidase conjugate and
was paired with streptavidin–poly-HRP. This amplification step
was successful in generating a 32-fold increase in analytical sensi-
tivity, and this enabled a comparison to be made.

Plasma samples (n � 113) were added to and eluted from the
Protein Saver cards and tested in a modified IFN-� ELISA. The
unprocessed original plasma samples were tested in parallel with
the Bovigam ELISA. The IFN-� titers of the plasma eluates showed
good correlation with those of the unprocessed original plasma
samples (r � 0.7947), and the regression coefficient was y �
0.8608x. However, this correlation was not as strong as for the
serum samples; therefore, the plasma eluates and unprocessed
original plasma samples as tested with the Bovigam ELISA may
not be used interchangeably.

The Protein Saver cards (Whatman) were investigated to de-
termine whether samples degrade over time if kept at room tem-
perature, which is a measure of the cards’ utility. The degradation
of samples impacts the length of time that samples on cards can
remain in transit. Serum and plasma samples were added to the
cards for up to 10 days and stored at room temperature in What-
man multibarrier pouches to replicate the conditions of mailing
the samples without refrigeration. It was demonstrated that the
antibody titers of the serum eluates remained stable over 10 days,
with very low coefficients of variation between the days, and re-
gression analysis demonstrated that the antibody titers were not
significantly different between days. The addition of sodium azide
resulted in no decrease of antibody titers and it is useful as a bac-
tericidal agent; its inclusion would minimize the risks usually as-
sociated with transporting infectious agents. Therefore, appropri-
ately stored serum samples on Protein Saver cards may be stored at
ambient temperature and transported through the post with a
reduction in the risk of exposure to live agents in serum, thus
enabling greater access to samples from countries where cold
transport is unavailable. This is in keeping with the findings of
other studies that determined the longevity of titers from samples
stored on cards (14, 30, 31).

The IFN-� time study compared plasma eluates from an SEB
mitogenically stimulated whole-blood sample for 10 days on the
cards. These data demonstrate that IFN-� titers decreased over
time, suggesting possible degradation of the protein at room tem-
perature, since cytokines are small fragile proteins (32, 33). An-
other possibility is that there may be a lower extraction rate of
analyte from the older drier spots (34). This makes the recovery of
IFN-� from plasma unsuitable for long-term storage on Protein
Saver cards that are kept at room temperature during transit. It
may therefore be useful to test long-term storage conditions at
higher and lower temperatures to replicate the ability to recover
IFN-� from the cards in countries without cold storage and fluc-
tuations in temperature. It would also be of interest to determine

if the samples can be stored on cards for longer periods under
refrigerated conditions.

Previous studies have demonstrated that the storage condi-
tions of Protein Saver cards play a significant role in the antibody
titers recovered from the eluates. Initially, antibodies are relatively
robust and remain unaffected by fluctuations in temperature dur-
ing transportation and storage; however, humidity and desicca-
tion do play important roles, and long-term storage conditions
must be carefully considered (29, 30, 35–38).

In conclusion, this proof-of-concept study has successfully
demonstrated that Whatman Protein Saver 903 cards may be used
for sample storage and elution in order to detect anti-Brucella LPS
antibodies and mitogen-stimulated gamma interferon. However,
these cards were not suitable for long-term storage prior to detec-
tion of IFN-�, and it may be of future interest to investigate the
recovery of analytes from the cards when they are stored at higher
and lower temperatures than room temperature. This may be of
interest in order to reflect the conditions and temperatures in
countries without cold storage and/or fluctuating temperatures.

These cards are a very useful tool for establishing panels of
samples for assay development and validation, assisting other lab-
oratories with diagnosis, and harmonization studies. The use of
these cards in bovine brucellosis diagnosis is novel and offers
much potential for greater access in testing previously inaccessible
samples and for supporting the ongoing challenge of controlling
bovine brucellosis.
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