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Abstract

Rodék L., B. Smid, L. Vali¢ek, E. Jurak: Collection of Microvolume Blood
Samples into Glass Capillaries for the Detection of Antibody Against Aujeszky’s
Disease Virus in Pigs by Enzyme-Linked Immunosorbent Assay (ELISA) and Solid-
-Phase Radioimmunoassay (RIA). Acta vet. Brno, 54, 1985: 207—216.

A description is given of a technique of microvolume blood sample collection
into heparinized glass capillaries from which the samples are immediately trans-
ferred to diluting solution to obtain a basic 100-fold dilution. The samples are then
ready for serological examination by ELISA and RIA without further processing
at the laboratory, a distinct advantage over present methods of blood collection
for serological examination. Moreover, the blood sampling itself is rapid and easy
to perform with a minimum trauma to the animals and the samples can be stored
at room temperature for as long as 78 days without substantial changes in their
antiviral antibody titres.

The technique was tested and verified in pigs by comparing the sensitivity of
the detection of antibody against Aujeszky’s disease virus by ELISA, RIA and the
virus neutralization (VN) test. The antiviral antibody titres demonstrated by ELISA
and VN showed a high degree of correlation (r = 0.881, n = 54), which implies
a highly significant (P < 0.01) agreement between the two methods.

The examination by ELISA was made using two peroxidase conjugates: (a)
conjugate with specific antibody against swine IgG purified by affinity chromato-
graphy (HRP-RIgaSwIgG) and (b) conjugate with staphylococcal protein A (HRP-
-protein A). The antibody titres by ELISA using HRP-RIgaSwlgG and HRP-
-protein A weee 51.9-fold and 10-fold higher, respectively, than those obtained by
the VN test.

Further application of the technique for the detection of antibody by ELISA
and RIA in veterinary and human medicine is discussed.

Aujeszky’s disease, enzyme-linked immunosorbent assay (ELISA), solid-phase radio-
immunoassay (RIA), antiviral antibodies, collection, microvolume blood samples.

Up to now, the routine practice of obtaining blood from animals for serological examination
consists of venipuncture and subsequent centrifugation of clotted blood at the laboratory to sepa-
rate blood serum which is then used for examination by various methods - agglutination, precipi-
tation, haemagglutmanon, virus neutralization, etc.

An example of this is the procedure for serological diagnosis of Au)eszky s disease (AD) in pigs.
In Czechoslovakia, about 280 000 blood serum samples are examined each year for antibodies
against AD virus by virus neutralization (VN) test. Blood samples are drawn, for the most part,
from the vena cava cranialis and, occasionally, from the ear vein. Animals blood-sampled from
the vena cava cranialis are traumatized, which has adverse effects on rate of gain and, occasionally
leads even to death. Moreover, the handling and restraining of animals under field conditions
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presents certain difficulties and requires the assistance of a number of people. Therefore any
modifications which make blood collections easier and more rapid to perform and produce less
trauma to the animals would be of economic value. For serological diagnosis of AD by enzyme-linked
immunosorbent assay (ELISA) and radioimmunoassay (RIA) (Briaire et al. 1979; Kelling
et al. 1978; Moennig et al. 1981; Moutou et al. 1978; Roddk et al. 1981) microlitre volumes
of blood serum will do because 0.2 to 0.4 ml of serum diluted 20- to 10-fold is sufficient for both
screening and titration. The objective of the present study was to develop a simple method for
collection of small blood volumes that could be stored at 20 °C for as long as one week before
examination to obviate possible problems of blood sample transport and storage.

Two techniques of collecting blood serum and blood samples were tested, one using filter paper
strips (Hamblin and Hedger 1982) and the other using heparinized glass capillaries. The samples
thus obtained were examined for antibodies against AD virus by ELISA and RIA and the results
were compared with those obtained by the VN test as well as with the results obtained with the
three techniques on examination of fresh-prepared samples.

Materials and Methods

Experimental animals

Blood and blood serum samples from pigs, males and females, of different ages were examined.
Samples in which virus-neutralizing antibodies against AD virus were demonstrated at titres
of 1:2 to 1:4096 came from vaccinated or experimentally infected animals. Negative samples came
from pigs of an AD-free herd.

Blood Sample Collection for VN Test

Blood samples were obtained from the ear vein or the vena cava cranialis and the blood sera
were stored at —20 °C until use.

Blood Sample Collection on to Filter Paper

Ten ul of blood serum was applied on to one end of Whatman No. 1 paper strips, 70 X 9 mm’
air-dried and then allowed to remain at 20° C for 7 days. For RIA, the serum-bearing parts of the
strips (12 X 9 mm) were cut off with scissors and placed in test tubes containing phosphate buffered
saline (PBS) (pH 7.2) plus 0.3 % Tween 20 (PBST) supplemented with 0.5 % bovine serum
albumin (BSA) (SEVAC, Prague). After 1-hour elution, the solutions corresponding to serum
dilutions of 1:100 were used directly for RIA.

Blood Sample Collection into Capillaries

Heparinized glass capillaries for haematological use were cut into capillaries of 25 mm in length.
(In most cases we used capillaries produced by Kavalier Glass Works, Czechoslovakia, but capilla-
ries obtained from other producers were used with equal results.) Five- to 10-ml test tubes were
filled with 1-ml volumes of diluting and preserving solution of the following composition: NaCl,
8.5 g; KH2PO4 0.2 g; Na:HPOy4 . 12 H20, 2.9 g; Tween 20, 3.0 ml; Nag EDTA, 0.5 g; NaN,,
0.2 g; BSA, 5.0 g; distilled water to make 1000 ml. The ear of the pig to be blood-sampled was
disinfected with 70 9% alcohol and the ear vein was punctured with a sterile injection needle.
The first drop of blood was wiped off with cellulose cotton. To the second drop of blood, a glass
capillary was applied upright. The blood in the capillary creeps up to 12.5 mm, a level corresponding
approximately to a volume of 10 ul. (Capillaries produced by individual manufacturers have first
to be tested.) Larger blood volumes are obtained by applying the capillary repeatedly to the same
drop of blood or by sloping the drop to a slanting or horizontal position. The capillaries were
then thrown into test tubes containing the diluting solution, and the blood was gently washed out.
The tubes were labelled, stoppered and stored at 20 °C. The diluting solution prevented microbial
growth and blood clotting, and haemolysed erythrocytes A sample diluted thus to circa 1:100
could be used directly without further processing for ELISA or RIA.

Preparation and Purification of Antibodies and Rroteln A by Affinity
Chromatography

Rabbit hyperimmune serum against swine IgG (RaSwIgG) was prepared by repeated immuni-
zation of rabbits with electrophoretically pure swine IgG in Freund’s adjuvant. Specific antibody
against swine immunoglobulin (RIgaSwIgG) was then isolated from the hyperimmune serum
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by affinity chromatography on the column of the immunosorbent with covalently bound SwilgG.
Activation of Sepharose 4B (Pharmacia, Uppsala, Sweden) and the binding of SwIgG (10 mg/ml
gel) were carried out according to standard procedures (March et al. 1974). The same immuno-
sorbent was used for isolation and purification of protein A from a 16-hour of Staphylococcus
aureus strain Cowan 1 grown on nutrient agar supplemented with 0.2 %, CaCl: (Hjelm et al,
1972; Lind 1974).

Peroxidase Conjugates

Staphylococcal protein A and rabbit antibody (RIgaSwIgG) purified by affinity chromatography
were conjugated with horse-radish peroxidase (HRP) (Boehringer, Mannheim, grade I, RZ 3.0)
by the natrium periodate method (Boorsma and Streefkerk 1979; Wilson and Nakane 1978).
In brief, 10 mg RIgaSwlgG was conjugated with 5 mg HRP, and 10 mg protein A was conjugated
with 10 mg HRP. Stock solutions of the conjugates containing 2 mg/ml of Ig and protein A were
supplemented with 1 9, rabbit serum albumin (RSA) and BSA, respectively, and stored either
in sealed ampoules at —70 °C or at 4 °C after being mixed in equal volumes with a preservative
solution consisting of 50 ml glycerol, 50 ml PBS and 0.02 g NaN;. Before use, the two conjugates
were diluted 1000-fold with PBST + 0.5 9% RSA or BSA.

Viral and Control Antigen for ELISA and RIA

Primary pig kidney cells were grown in Eagle’s minimal essential medium (MEM) supplemented
with 10 9% (v/v) inactivated fetal bovine serum in Roux bottles. The monolayer was washed with
MEM and the cells were infected with a virulent strain of AD virus and then transferred to Eagle’s
serum-free maintenance medium. At the peak of cytopathic effect, the cells and medium were
homogenized by three freeze-thaw cycles. The virus titre was 1 . 107 plaque-forming units per ml.
The same procedure was used to prepare homogenates of non-infected cells. All homogenates
were centrifuged at 2000 g for 20 minutes .to remove cellular debris and concentrated to 1/10 of
_ the original volume by ultrafiltration (Amicon, Diaflo Ultrafilter PM 10). The homogenates of
infected and non-infected cultures, hereafter referred to as viral (V) and control (C) antigens,
were diluted 100- to 200-fold with 0.1 M carbonate-bicarbonate buffer, pH 9.6, prior to use.

Virus-Neutralization Test

Antibodies against AD virus in inactivated sera were determined by the VN test using rabbit
kidney cell line RK 13. Serial twofold dilutions of the sera were mixed in equal volumes with AD
virus suspension of 100 TCIDso. The resultant mixtures were shaken, incubated at 37 °C for 60
minutes, and 0.2 ml amounts of each serum dilution were inoculated into five test tubes. The
tests were evaluated according to cytopathic effect observed after 5-day incubation at 37 °C. The
VN titres were expressed as the reciprocal of the highest serum dilution that neutralized 100
TCIDso of virus in at least 3 out of the 5 tubes.

RIA Procedure

The RIA procedure, antibody labelling with 1%5] and evaluation of results were described in
detail previously. In brief, polystyrene microtubes coated with V or C antigen were washed with
PBS and then filled with 100 | volumes of pig serum to be examined. After incubation for 1 hour
at 37° C or for 2 hours at 20° C in a humidified chamber they were incubated with 100 ul vo-
lumes of 125]-RIgaSwIgG solution having an activity of 5 KBq/ml under the same conditions
as described above. Between the incubations and at the end of the procedure the microtubes
were washed three times with PBS. After the radioactivity bound in individual microtubes was
measured (NE 1600, Nuclear Enterprises, Ltd., Edinburgh, U. K.), the radioactivities of micro-
tubes coated with V or C antigen and incubated with the same dilution of serum were compared.

ELISA

The ELISA was performed in flat-bottom polystyrene microtitre plates (Koh-I-Noor, Czecho-
slovakia). Vertical rows of wells were coated alternately with 100 xl volumes of V or C antigen
by incubation overnight at 20 °C. The next day the plates were washed three times with PBS.
The samples were diluted threefold in the range of 1:100 to 1:218 700. Each sample dilution was
added in 100 ul volumes to each of duplicate wells coated with V or C antigen. After 1-hour incuba-
tion at 37 °C in a humidified chamber, the plates were washed three times with PBS and incubated
for an additional 60 minutes at 37 °C with 100 ul volumes of HRP-conjugates (HRP-RIgaSwigG
and HRP-protein A) diluted 1000-fold with PBST supplemented with 0.5 % RSA or BSA.
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After washing the plates, a 100 ul amount of substrate was added to each well. (Preparation of
the substrate: 8 mg of 5-aminosalicylic acid were dissolved in 10 ml H20, the pH was adjusted
to 5.0 with 0.1 M NaOH and 1 ml of 0.05 9%, HsOs was added.) After one hour, the reaction was
read at 492 nm in a Titertek Multiskan (Flow Laboratories) and the values for the wells coated
with V or C antigen and incubated with the same dilution of serum were compared. Sera were
considered positive, i.e. containing antiviral antibody, if the V:C ratio was greater than 2.0. The
V:C ratio obtained after incubation without serum or with negative serum was 1.0 + 0.2,

Results

Comparison of Blood Serum Samples Collected on to Filter Paper and into Capillaries

Blood serum samples of known VN titres were pipetted on to filter paper and the
same volumes of the same samples were collected into heparinized capillaries and
transferred immediately to 1 ml volumes of the diluting solution. After storage of
both sample types for 7 days at 20 °C, blood serum spots on filter paper were each
eluted into 1 ml of PBST + 0.5 9%, BSA. The effect of storage on the stability of the
antiviral antibody was assessed by RIA, using freshly prepared solutions of the test
sera in PBST + 0.5 9, BSA as controls. Triplicate microtubes coated with V or C
antigen were incubated with 100-fold diluted test samples. From the values obtained
for each serum, the average activity, standard deviation and V : C ratio of triplicate
wells coated with V or C antigen were calculated. The results show that air-drying
of the serum samples and their storage for 7 days at 20 °C had an adverse effect on the
sensitivity of the detection of antiviral antibodies (Table 1). The decrease in the
sensitivity of antibody detection was due mainly to increased non-specific binding
activity, in consequence of which the V : C ratio which is essential for evaluation of
the results was adversely affected. On the other hand, blood samples collection into
capillaries and immediate transfer of the samples to diluting solution proved very
useful. The V : C ratios found in samples collected into microcapillaries and stored
for 7 days at 20 °C did not differ substantially from the results obtamed on examina-
tion of freshly diluted sera.

Table 2.

Antiviral antibody titres by ELISA of blood samples collected into capilla-
ries and stored at 20°C for 7 and 78 days.

Bloo 9 ELISA titres
No. 7 days at 20°C 78 days at 20°C
1 1: 2700 1: 2700
2 1: 8100 1: 8100
3 1: 8100 1: 8100
4 1: 8100 1: 2700
5 1: 2700 1: 2700
6 1: 8100 1: 2700
7 1 : 24300 1: 24300
8 1: 8100 . 1: 8100
9 1: 8100 1 :24300
10 1: 8100 1: 8100
11 1: 8100 1 : 24300
12 1: 2700 1: 900
13 1: 2700 1: 2700
14 1: 8100 1: 2700
15 1: 8100 1: 8100
16 1: 2700 1: 8100
17 1: 2700 1: 8100
18 1: 8100 1: 2700
Average
titre 1:7200 1: 8200
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Prolonged Storage of Sampleé Collected into Capillaries

Blood samples from 18 sows vaccinated with inactivated vaccine against AD (Bio-
veta Ivanovice) were collected into capillaries and immediately transferred to the
diluting solution and then stored at room temperature. Seven and 78 days after
collection they were titrated for antibodies against AD by ELISA using HRP-
-RIgaSwIgG conjugate. The highest sample dilution giving a V:C ratio > 2.0 was
considered positive. As can be seen from Table 2, no substantial difference was found
in antiviral antibody titres between the samples examined 7 and 78 days after collection:
the differences in titre were by one dilution at the most and the average antibody
titres at 7 and 78 days were 1:7200 and 1:8300, respectively.

Comparison of the Sensitivity of Antiviral Antibody Detection by ELISA and VN

Sixty blood samples collected into capillaries and immediately transferred to the
diluting solution were examined by ELISA using two peroxidase conjugates: HRP-
-RIgaSwIgG and HRP-protein A. Antibody titres obtained with the two conjugates
were compared with the results of VN tests performed on sera obtained by simulta-

ELISA
titer

10°
21871 o °

729
243
81

27/

2 4 8 16 32 64 128 256 1024 409
_ 512 2048 40%
VN titer

Fig. 1
Comparison of antibody titres against Aujeszky’s disease virus as determined
in the blood by enzyme-linked immunosorbent assay (ELISA) and in the
blood serum of pigs by the virus neutralization (VN) test.
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neous collection of larger blood volumes. All 54 samples positive by VN were also
positive by ELISA and the remaining 6 samples were negative by both methods.
There were only differences in titre. The average VN antibody titre was 1:506, while
the average antibody titre obtained by ELISA with HRP-RIgaSwIgC conjugate
was 1:26 272, i. e. 51.9 times higher. The degree of correlation between the VN
and ELISA titres was determined by comparing the natural logarithms of these
titres. The correlation coefficient (r = 0.881, n = 54) implies a highly significant
(P < 0.01) agreement between the results obtained by the two methods (Fig. 1).

Similar results were obtained by ELISA using HRP-protein A conjugate although
the sensitivity of detection in this case was lower than with the previous conjugate.
The average ELISA titre of 1:5618 was only 10 times higher than the average VN
titre and 5 times lower than the average ELISA titre obtained with HRP-RIgaSwigG
conjugate.

Discussion

The technique of blood sample collection for ELISA and RIA into capillaries
described in the present study has been previously verified by examination of several
thousands of samples. It has a number of advantages over present methods of blood
sampling for serological examination. It incurs less time and effort (a blood sample
from a restrained animal is withdrawn within 10 seconds) with a minimum of trauma
to the animals. It obviates the necessity of further processing of the samples (centri-
fugation, serum withdrawal) at the laboratory. Blood samples diluted 100-fold by
transfer to the diluting solution immediately after collection into capillaries can be
used directly for ELISA or RIA. Storage of these diluted blood samples at room
temperature for as long as 78 days causes no substantial changes in their antiviral
antibody titres by ELISA. The technique of blood sample collection into capillaries
is not limited to the pig but may resolve some blood collection problems also in other
species. In large animals in general where restraining is a problem it makes blood
sampling substantially more rapid and easier to perform.

In small and laboratory animals the new technique of blood sampling may replace
tedious blood collections from small or difficult-to-reach blood vessels. In view of
its aforementioned merits the new technique may find application not only in vete-
rinary medicine but also in human medicine where facilities for examination by
ELISA or RIA are available.

To our knowledge, collection of blood samples into heparinized capillaries and
their immediate transfer to the specified diluting solution has not been reported
before. In a similar study (Hamblin and Hedger 1982) blood samples were collected
from pigs on to filter paper (Whatman No. 1) or white blotting paper, air-dried at
room temperature, dissolved and examined by ELISA for antibody against swine
vesicular disease virus; the results were in agreement with those obtained by VN
tests.

Our study also included experiments on collection of blood and blood serum samples
on to filter paper. When filter paper strips were placed in the diluting solution with
the blood serum spots still wet, the ELISA results were similar to those obtained for
samples collected into capillaries. However, blood samples stored in the dry state
at 20 °C for several days showed a marked rise in non-specific binding activity of the
antibody, due presumably to its partial denaturation. In our view, blood sample
collection into capillaries (and possibly on to filter paper without drying) is therefore
more suitable and easier to perform than conventional blood collection techniques
because it avoids further processing of the sample.
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Comparison of the ELISA and VN titres of serum samples from the same animals
obtained by collection into capillaries showed a high degree of correlation (r = 0.881)
between the results obtained by the two methods, which is in agreement with the
findings reported by other writers (Moenning et al. 1981). Antiviral antibody
titres by ELISA were higher than those obtained by VN tests. However, there were
differences in ELISA titres obtained for the same samples depending on which of
the two peroxidase conjugates was used. With HRP-RIgaSwIgG conjugate, the
titres were about two dilutions higher than with HRP-protein A conjugate. Compared
with VN results, the ELISA titres obtained with the two peroxidase conjugates were
51.9-fold and 10-fold higher.

The use of peroxidase-conjugated protein A has been described and verified by
a number of writers. It is very suitable for ELISA diagnosis of AD in pigs because
it reacts very well with the Fc fragment of swine IgG (Bommeli et al. 1980). It also
reacts well with Fc fragments of rabbit, dog, human and other IgG’s. In ELISA
procedures one HRP-protein A conjugate can therefore replace a number of species-
-specific peroxidase conjugates. However, one disadvantage of HRP-protein A con-
jugate is evident from the present study: it is less sensitive than conjugates of antibo-
. dies purified by affinity chromatography. In our view, the choice of conjugate for
ELISA in individual laboratories will depend on whether a universally applicable
or a particularly sensitive method is required.

Mikrokapildrni odbér krve k diagnostice protildtek proti viru Aujeszkyho
choroby u prasat metodami ELISA (enzyme-linked immunosorbent assay)
a RIA (solid-phase radioimmunoassay)

Je popsédn mikrokapildrni zptsob odbéru krve pro ELISA a RIA metody, ktery
mé ve srovnani s dosavadnim zpusobem odbéru pro sérologické vysetfeni fadu vyhod.
Odbér je méné pracny, ¢asové krat$i a s minimdlni traumatizaci zvifat a rovné€Z odpadé
dalsi zpracovéni vzorku v laboratofi. I po vice neZ dvoumési¢nim uchovévini nafedg-
nych vzorka krve pfi pokojové teploté se titry antivirovych protilitek v podstaté
neméni.

Mikrokapildrni odbér krve byl prakticky ovéfen u prasat srovndnim citlivosti pria-
kazu protildtek proti viru Aujeszkyho choroby metodami ELISA, RIA a VN. Mezi
titry antivirovych protildtek zjisténymi metodami ELISA a VN byl prokizin vysoky
stuperi korelace (r = 0,881).

Byly srovniny dva peroxid4zové konjugity pro ELISA metodu:

a) konjugit se specifickymi protildtkami proti prasetimu IgG purlflkovanyml afinitni
chromatografii (POD-RIgASwIgG),

b) konjugét se stafylokokovym proteinem A (POD-protein A).

ELISA metodou s pouZitim prvého konjugitu byly zji§tény 51,9X a s pouZitim dru-

hého konjugitu 10X vy$§i titry protilitek nez VN testem. Je diskutovdna moZnost

vyuziti mikrokapildrniho odb&ru krve pro ELISA a RIA diagnostiku ve veterindrni

a humdnni mediciné.
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MHUKpOKaNWIIAPHBIA 0TOOpP KPOBHU JUIA AMATHOCTUKM AHTHTEN IPOTHUB BHUPYCA
O0one3nn Ayitecku u nmopocar merogamu ELISA
(enzyme-linked immunosorbent assay) u RIA (solid- phase
radioimmunoassay)

IIpuBoauTCcsa OnMMCaHMEe MUKPOKAIMJIJIAPHOTO Croco6a oT6opa KpOoBU I
meTo0B ELISA u RIA, KOTODBIN 110 CPAaBHEHUIO C CYII[ECTBYIOIMM CIIO0COHOM
orbopa AJs CEpPOSIOTMUECKUX UCCIEXOBAHMIA OTIMUAETCS MHOKECTBOM I10JIO-
JKUTEJbHBIX CTOPOH. OTGOp OTINYaeTcs HEOOJNBLUION TPYAOEMKOCTbIO, MEHD-
1IeN MPOAOJIKUTENIbHOCTBIO, MUHMMAJIBHO TPAaBMUPYET >XKMBOTHBIE ¥ HET HE-
00xOAMMOCTM AajibHeuiey JiabopaTopHoy o6paGorku 1pob. Jaxke mocie
YEM JBYXMECSYHOTO XpaHeHuUs pa30aBiI€HHBIX 00pa3I[0B KPOBU IIpM KOMHAT-
HOJ TEMIIEPATYpE TUTPBI AHTUBUDPYCHBIX AHTUTEJN IO CYLIECTBY HE MEHSIOTCH.

MUKpOKaIMJUIAPHbIT OTOOD KPOBM IIPOBEPSJIM HA MNPAKTUKE Y IOPOCAT
CPaBHEHMEM UyBCTBUTEJIBHOCTU MACHTUMUKALMM AHTUTEN NMPOTUB Bupyca 60-
ne3un Aynecku merogamu ELISA, RIA u VN. MeXay ™TpaMyu aHTUBUPYC-
HBIX QHTUTEJ, YCTAHOBJIEHHBIX MeToAaMu ELISA um VN, Obiia obGHapy>keHa
BBICOKAs CTeleHb Koppensuuu (=0,881).

ITpoBOaMIMCh CPABHEHMUS ABYX IEPOKCHAA3HBIX KOHDBIOTATOB JJIS METOJA
ELISA:

a) KOHBIOraT CO CHeUuuuecKuMu aHTUTeaMu npotuB IgG mopocar, oun-

uenusiMu acdpcdmuHOM Xpomarorpaduen (POD-RIgGASwWIgG),

6) KOHBIOrTaT CO CTa(OMIOKOKKOBBHIM mpoTeMHOM A (POD-protein A). Mero-
0) KOHBOTAT CO CTAhUIOKOKKOBBIM IpoTenHOM A (POD-protein A).
Metogom ELISA ¢ IpMMEHEHMEM TEPBOTO KOHBIOTATA OBLIM YCTAHOBJIEHBI
B 51,9 pa3 ¥ C MCIOJb30BAHME BTOPOTO KOHBlOTaTa B 10 pa3 OOJblIe TUTPHI
yem MetogoM VN. OOCykfaeTcs BO3MOKHOCTb MCIIOJb30BAHMS MUKDPOKA-
muLIspHOro otoopa kpoBu Ads ELISA m RIA IuarHOCTMKM B BETEPUHAPHOM
u o01len MeaguIuHE.
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