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Summary.  - A reverse transcription-polymerase chain reaction (RT-PCR) assay using four different primer 
pairs for the detection of equme arteritis virus (EAV) RNA in semen and tissue samples was evaluated. A 
fiagment encoding the leader sequence of the EAV genome was most successfully amplified. The specificity 
and sensitivity of RT-PCR was assessed by virus isolation in cell culture, restriction analysis, dot blot hybridisation 
and nested PCR. To this end, 23 semen samples from seropositive stallions and 11 tissue samples from 4 
aborted foals were tested. Compared to the virus isolation test in cell culture, the sensitivity of the molecular 
methods proved to be higher. In the RT-PCR, dot blot hybridisation and nested PCR tests, semen samples from 
11 stallions and tissue samples from all 4 foals were found positive, while the virus could be isolated in cell 
culture from only 4 semen samples and tissue samples from 1 aborted foal. The sensitivity of the dot blot 
hybridisation test was superior to that of the RT-PCR test. The nested PCR test proved to be the most sensitive 
one, because 3 semen samples were recognised as positive by this method only. Considering the sensitivity, 
and'rapidity and reliability, RT-PCR followed by dot blot hybridisation or nested PCR represents the best 
method for diagnosis of EAV and should be included in the official diagnostic regimes. 
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Introduction 

E A V  (genus  Arterivirus) i s  present in horse populations 
throughout the world. Within the last 10 years, the reported 
occurrence o f  E V A  has increased (Timoney and McCollum, 

Abbreviations: AMV = avian myeloblastosis virus; BSA ^ bovine 
serum albumin; CPE = cytopathie effect; CSFV = classical swine 
fever virus;  DEAE-dextran = diethyl ammoethyl-dextran; 
DEPC = diethyl pyrocaibonate; DMSO = dimethylsulfoxide; 
EAV = equine arteritis virus; EDTA ^ ethylenediamme tetraacetate; 
EHV = equine herpes virus; FCS = foetal calf serum; GTC - guanidme 
thiocyanate; MEM = Minimal Essential Medium, PAGE =- polyacryl-
amide gel electrophoresis; PCR - polymerase chain reaction; 
PPRSV = porcine reproductive and respiratory syndrome virus, RT-
PCR = reverse transcription-PCR 

1990; Kôlbl etal, 1991; Eichhorneta l . ,  1995; W o o d e t a l . ,  
1995). Although the infection often remains subclinical, it 
can become a serious threat to pregnant mares.  Abortion or 
delivery o f  moribund foals  may represent consequences o f  
the infection during pregnancy (Doll et al., 1957; Golnik et 
al., 1986; Lange-Herbst era/., 1995). Prevention and control 
programmes detecting stallions carrying the v irus  have been 
developed to minimise the spread o f  infection in breeding 
animals and to reduce the r isk  o f  virus-related abortions 
(Timoney and McCollum, 1996). 

The main routes o f  E A V  transmiss ion includ direct 
contact during viraernia and contaminated semen during 
natural  or a r t i f i c i a l  inseminat ion.  T h e r e f o r e ,  control  
programmes include serological testing o f  stallions; in case 
of  a seropositive result, the v irus  isolation in  cell culture 
h a s  to b e  p e r f o r m e d  f r o m  semen.  However,  the  v i r u s  
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isolation i s  laborious and time consuming, and its success 
strongly depends on the handling o f  samples (Huntington 
et al, 1990; Timoney, 1992). In addition, semen samples 
may  have  a toxic e f fect  on cell cultures (Vernazza et al, 
1996; L e g e a y  et al., 1997). One w a y  to overcome this  
problem is the detection o f  EAV RNA b y  RT-PCR. 

However, the successful  use  o f  RT-PCR depends mainly 
on the quality o f  the RNA preparation and the ef f ic iency o f  
the method chosen f o r  the detection o f  the PCR products. 
Particular problems may  occur in isolating RNA from semen 
samples, because inhibitory factors can lead to fa l se  negative 
results in the RT-PCR (Lugaro  et al., 1988; Dyer  etal., 1996). 

In the present work, conditions f o r  successful  preparation 
o f  RNA f r o m  EAV-contaminated semen samples have been 
established. RT-PCR assays  targeting different regions o f  
the E A V  genome were evaluated and compared with the 
v irus  isolation, restriction analysis, dot blot hybridisation 
and nested PCR as subsequent confirmatory methods. 

Mater ia l s  a n d  M e t h o d s  

Specimens consisted of semen samples from 23 serologically 
positive stallions and various foetal and placental tissues from 4 
cases of abortion. The semen samples originated from a specific 
programme for the detection of the carrier state in a breeding 
stallion population. They were collected during the breeding season 
using an artificial vagina and were kept at -70°C until examination. 
The tissue samples originated from bacteriological and equine 
herpes virus (EMV) surveillance in two different regions in 
Germany. 

Bucyrus and Vienna strains of EAY field EAV isolates Giessen 
1 and Giessen 2, and two EAV-positive semen samples (both kindly 
supplied by Dr. Herbst, University of Giessen, Germany) were 
included as reference materials. Other equine viruses (EHV 1 and 
EHV 4) and RNA viruses of other species (porcine reproductive 
and respiratory syndrome virus, PRRSV; classical swine fever 
virus, CSFV; bovine viral diarrhoea virus, BVDV) were used as 
negative controls. 

Preparation of RNA was performed by three different methods. 
The method 1 using guanidine thiocyanate (GTC). Virus-

infected cells and virions pelleted from cell culture supernatants 
by ultracentrifugation were processed according to the method of 
Chomczynski and Sacci (1987). In order to increase the RNA yield, 
the samples were supplemented with 30 ng/^il carrier RNA (RNase-
free,  Boehringer Mannheim) before the phenol-chloroform 
extraction, and with 20 ng/|il glycogen (from oyster, mol.biol. 
g rade ,  Calb iochem)  be fo re  the  bo th  precipi tat ion steps.  
Additionally, for the preparation of RNA from semen samples and 
tissue suspensions, the concentration of GTC in the GTC solution 
was increased from 4 mol/1 to 6 mol/1. The final pellet was 
resuspended in diethylpyrocarbonate-treated distilled water 
(DEPC-H20) at a concentration of 0.5 - 1.0 fig of total RNA per 
6 nl (semen samples) or 2 ng/6 M-l (tissue samples). 

Tissue samples (about 50 fig) were deep-frozen, crushed in a 
mortar on ice and lysed in 500 (xl of 6 mol/1 GTC solution for 

30 mins. Following centrifugation, 150 ^1 of DEPC-H,0 were 
added to 300 |il of the aqueous phase. Then the RNA extraction 
was continued as described above. 

The method 2 using commercial kits: the QIAamp Viral RNA 
Kit (originally developed for hepatitits C virus detection) for the 
processing of seminal plasma and the RNeasy Mini Kit for RNA 
extraction from tissue samples. The kits (both QIAGEN) were used 
according to the instructions of the producer. In addition, seminal 
samples were first  lysed with GTC, extracted with phenol-
chloroform and precipitated with isopropanol. The RNA precipitate 
was further processed by use of the RNeasy Mini Kit. 

The method 3 using a pre-treatment with proteinase K and 
chelating resin. Semen samples were pre-treated with proteinase K 
and Chelex 100 (both Sigma) in final concentration of 100 ng/ml 
and 5%, respectively, for 1 hr at 56°C (Osterrieder et al., 1994). 
For this purpose, a stock solution of 1 mg/ml proteinase K in 
10 mmol/1 Tris pH 7.5, 5 mmol/1 ethylenediamine tetraacetate 
(EDTA) and 0.5% sodium dodecyl sulfate (SDS), was used. 
Proteinase K in the samples was inactivated at 95°C for 8 mins. 
The rest of the method was already described under the Methods 1 
or 2. 

EAV (Bucyrus strain) originating from tissue culture mixed 
with a pool of EAV-negative semen samples was used as positive 
control. RNA preparations were stored at -70°C until used in RT-
PCR. 

RT-PCR test was optimised with both EAV reference strains. 
To check its specificity, RNA preparations from mock-infected 
RK-13 cells and cells infected with EHV 1, EHV 4, PRRSV and 
CSFV were used. Four different primer pairs corresponding to 
different virus genome sequences were tested in RT-PCR: EAV 1 
(located at the 3'-end of ORF lB,nt  9130 - 9665), EAV 2 (located 
in ORF 4, nt 10,683 - 11,165), EAV 3 (located in the leader 
sequence,nt 1 8 -  186), and EAV4 (located at the 3'-end of ORF 
IB, nt 9246 - 9524). The primers (St. Laurent et al (1994); 
Chirnside and Spaan (1990)) were custom-ordered from Pharmacia. 
The following conditions were selected for RT-PCR: viral RNA 
sample (6 fil) was heated at 70°C for 10 mins in the presence of 
10 mmol/1 Tris, 30 mmol/1 KC1, 4.6 mmol/1 MgCl2 1% bovine 
serum albumin (BSA), 1% dimethylsulfoxide (DMSO), 25 mmol/1 
dNTPs and 10 pmoles of a reverse primer in a final volume of 
30 jil. After slow cooling to room temperature, the sample was 
placed on ice, 15 U ofRNasin and 15 U of avian myeloblastosis 
virus (AMV) reverse transcriptase (Promega) were added and the 
mixture was incubated at 42°C for 75 mins and then at 95°C for 
5 mins. Ten |jl of the RT reaction product and 39 |il of a PCR 
buffer (15 mmol/1 Tris, 67 mmol/1 KC1, 2.6 mmol/1 MgCl2, 0.5% 
BSA, 25 mmol/I dNTPs, and 10 pmoles of the corresponding 
primers) were mixed and heated to 90°C for 5 mins. To secure a 
semi-hot start of the amplification, the mixture was slowly cooled 
to 54 C. At this temperature, 2.5 U of Taq DNA polymerase 
(Promega) and 35 |̂ 1 of mineral oil (Sigma) were added to the 
sample. The amplification was carried out using 30 cycles of 1 min 
at 95°C, 1 min at 50°C, 2 mins at 72°C, and a final elongation 
step of 8 mins at 72°C. Each RT-PCR run included DEPC-H20 as 
negative control. The RT-PCR was performed m an automated 
thermal Mini Cycler (MJ Res. Inc.). Finally, 10 nl  of the reaction 
product was electrophoresed on a 1.5% agarose gel and stained 
with ethidium bromide. 



STARICK, E.: DETECTION OF EAV BY VARIOUS METHODS 335 

Nested PCR test. Appropriate oligonucleotides were designed 
from the leader sequence of EAV Bucyrus strain, clone PB 586 
(de Vnes, 1990) using the Vector NTI Programme (Version 4.0, 
InforMax, Inc.). The primers prepared by Pharmacia and Gibco 
BRL had the following sequences: S'-TCT CGG TAA ATC CTA 
GAG GGCTTT CCT C-3' (lead 1) and 5'-CCG TCA AGC CAC 
AAG ATG -3' (lead 2). The nested PCR was performed with 1 pi 
of the fit st round amplification product in a 50 pi volume including 
the same buffer as above. It consisted of one denaturation cycle 
(95°C, 3 mins) and 30 amplification cycles (95°C for 30 sees, 
55°C for 30 sees, 72°C for 30 sees, the final elongation step 
extended to 2 mins in the last cycle). The resulting product 
comprised 106 bp (nt 58 - 163) of the leader sequence 

DNA dot blot hybridisation test. The pi imer lead 1 was also used 
as a probe for hybridisation after labelling with digoxygemn. Dot 
blot hybridisation was done according to the instructions of the 
manufacturer (DIG Labelling and Detection System, Boehnnger 
Mannheim). Briefly, 1 ju.1 aliquots of the 1:2 and a 1 • 10 dilutions of 
the PCR products were denatured at 100°C for 10 mins, dotted onto 
a nylon membrane (positively charged) and fixed by UV crosslinking. 
After prehybridisation foi at least 1 hr, the membrane was left to 
react with the DIG-labelled probe overnight. This step was followed 
by washing steps of different stringency, incubation with anti-DIG 
AP (Fab fragments of an antibody against digoxigenin conjugated 
to alkaline phosphatase) and colour detection with NBT/BCIP as 
substrate. The colour development was monitored each hour and 
stopped when positive and weakly positive control samples were 
clearly visible, usually after 3 hrs. Tetnperatuies of the hybridisation 
and washing steps had to be optimised. The highest specificity was 
achieved at 68°C for hybridisation and at 37°C for the second 
washing step. PCR products of negative control RMAs (mock-
infected RK-13 cells and cells infected with BVDY EHV 1, PRR S V 
and CSFV) were used in the verification of the test specificity. 

Restriction analysis PCR products were cleaved with Huif\ 
into 2 fragments of 81 and 88 bp. For cleavage, 20 pi of the 
amplified product diluted 1:10 with TE buffer (10 mmol/1 Tris, 
1 mmol/1 EDTA)was purified as described (Sambiooke/ al., 1989) 
and dissolved in 22.2 pi o f T E  buffer. Then 2.5 pi of lOx SuRE/ 
Cut Buffer H and 0.3 pi of Hinf\ (3 U) were added (both from 
Boehringer Mannheim). The sample was incubated for 1 hrat 37°C 
and the reaction was terminated by addition of 0.5 ml of 0.5 mol/1 
EDTA or 5 |il of a DNA sample buffer. The cleavage products 
were visualised after polacrylamide gel electiuphoresis ^PAGE). 

Virus isolation in cell culture. The EAV isolation was performed 
in monolayer cultures of RK.-13 cells. The cells were cultivated in 
Eagle's Minimal Essential Medium (MEM) supplemented with 10% 
foetal calt serum (FCS) (growth medium) or 2% FCS (maintenance 
medium). The virus was propagated by infection of fresh cultures 
with freeze-tliawed infected cultures. To prepare an inoculum from 
tissues., a 10% suspension was made 111 the maintenance medium 
and clarified at 4000 rpm for 20 nuns. The isolation of EAV from 
seminal plasma was done according to the method of Klopries (1992). 
In addition, 50 (.tg/ml diethylaminoethyl-dextran (DEAE-dextran, 
Pharmacia) was used to support virus adsorption. After inoculation, 
the cell cultures were observed for cytopathic effect (CPE) for 
7 days. If no CPE appeared, further 3 - 7  blind passages were 
performed. The identity of EAV isolates was confirmed by 

neutralisation test using polyclonal horse antisera. 

Results  

RT-PCR assay 

After  setting u p  optimal assay conditions for EAV sequence 

amplification, R N A  isolated f r o m  cell cultures infected with  

EAV Bucyrus strain w a s  found  positive in  RT-PCR us ing  the  

four  different pr imer pairs (Table 1). However, t h e  EAV 2 

primer pair  failed to  detect R N A  isolated from cells infected 

with  EAV Vienna strain, a n d  the EAV 1 a n d  EAV 2 primer 

pairs did not  reveal specific sequences i n  R N A s  from cells 

infected with  the  Giessen 1 and  Giessen  2 f i e ld  isolates. 

Likewise, positive results were obtained only using the  EAV 3 

a n d  E A V  4 p r i m e r  p a i r s  w i t h  t w o  s e m e n  s a m p l e s  o f  

virologically positive stallions as  well  as  wi th  t h e  brain o f  an  

aborted foal.  Al l  subsequent investigations o f  f i e ld  samples 

were carried out using the  EAV 3 primer pair. To c o n f i r m  the  

specificity o f  the test, 9 positive semen  samples were  assayed 

also wi th  the  EAV 4 pr imer  pair. This  assay w a s  negative fo r  

2 samples. Another 6 samples yielded weaker signals in  the  

agarose gel with the  EAV 4 pr imer  pair  in comparison t o  the  

EAV 2 primer pair. 
Us ing  EAV 1, EAV 3 a n d  EAV 4 p r imer  pairs ,  R N A s  

f r o m  mock- infec ted  R K - 1 3  cells a n d  cells  infected wi th  

other viruses gave n o  fa lse  positive results.  

Detection of EAV in semen and tissue samples 

Eleven o f  23  semen samples originating f r o m  seropositive 

stallions were  classif ied as  EAV-positive (Table 2) ,  whi le  

12 samples  were  negative b y  all t he  me thods  used.  Analysis  

o f  specimens f r o m  the  aborted foa ls  demonstra ted that  EAV 

R N A  w a s  de tec table  i n  s amples  o r ig ina t ing  f r o m  all  4 

animals  (Table 3). However, there  we re  clear  d i f ferences  in  

the  detectability o f  EAV in  different  t issue samples .  

Comparison of the methods used for detection of EAV 

T h e  results showed that  the  sensitivity o f  v i rus  isolation 

is lower in  comparison wi th  molecular-biological  methods .  

T h e  virus  isolation test  successfully recognised only  5 (4  

stallions a n d  1 aborted foal)  o f  15 (11 stallions and  4 foals)  

positive animals. T h e  higher  sensitivity o f  the  RT-PCR assay 

could b e  fur ther  increased b y  the  dot  blot  hybridisation test. 

A tota l  o f  19 samples  w e r e  f o u n d  pos i t ive  b y  d o t  b lo t  

hybridisat ion,  wh i l e  on ly  12 o f  t h e s e  19 s a m p l e s  w e r e  

RT-PCR-posit ive.  T h e  h ighes t  sensitivity,  however ,  w a s  

obtained with  the  nested P C R .  Three  o f  t he  s emen  samples  

w h i c h  w e r e  f o u n d  n e g a t i v e  i n  t h e  o t h e r  t e s t s  r e a c t e d  

positively in  the  nested P C R .  Examples  o f  results  achieved 

b y  the  molecular-biological methods  are  presented in  Fig.  1. 

N o n e  o f  t he  samples  evaluated a s  positive b y  v i rus  isolation 

were  negative by  any o f  t he  molecular-biological  methods .  
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Tabic 1. RT-PCR with RNAs of different origin using different 
primer pairs 

Result of RT-PCR with primer pair 
RNA origin EAV 1 EAV 2 EAV 3 EAV 4 

EAV Bucyrus strain, RK-13 cells + + + + 
EAV Vienna strain, RK-13 cells + + + 
EAV Giessen isolate 1, RK-13 cells + + 
EAV Giessen isolate 2, RK-13 cells - + + 
Bram of aborted foetus + + 
Brain of aborted foetus after cultivation • - + + 
Semen sample No. 1 + + 
Semen sample No. 2 - ND + -

(+)> (-) = positive, negative. ND = not done. 
"The same brain. 

RNA preparation 

O u r  p r e l i m i n a r y  invest igat ion (data not  s h o w n )  s h o w e d  
that t h e  R N A  preparation f r o m  EAV-posit ive s e m e n  s a m p l e s  
b y  t h e  m e t h o d  1 m a y  resul t  in f a l s e  negat ive  RT-PCR results.  
In t h i s  s t u d y  w e  s h o w  that the  pretreatment o f  s a m p l e s  w i t h  
prote inase  K a n d  C h e l e x  100  m a y  o v e r c o m e  this  problem.  
Ser ia l  10-fo ld  di lut ions  o f  cel l  culture v i r u s  w e r e  prepared  
in the maintenance  m e d i u m  a s  w e l l  a s  i n  a p o o l  o f  f o u r  EAV-
n e g a t i v e  s e m e n  s a m p l e s .  W h e n  t h e  R N A  w a s  prepared  b y  
t h e  m e t h o d  1, t h e  v i r u s  d i l u t e d  i n  s e m i n a l  p l a s m a  w a s  
RT-PCR- n e g a t i v e .  However,  w h e n  t h e  pretreatment  w a s  
inc luded in this  procedure,  the  RT-PCR g a v e  pos i t i ve  resul ts  
f o r  t h e  v i r u s  di luted both  in the m e d i u m  and seminal  p l a s m a .  

R N A  extract ion f r o m  s e m e n  s a m p l e s  u s i n g  t h e  Q I A a m p  
V i r a l  R N A  K i t  w a s  f o u n d  genera l ly  suitable.  However,  it 
b e c a m e  o b v i o u s  that  a n  addi t ional  concentrat ion o f  t h e  
extracted R N A  b y  precipitation and  resuspension in a smal ler  
v o l u m e  w a s  h e l p f u l .  E A V  R N A  c o u l d  b e  detected in 8 out 
o f  11 p o s i t i v e  s e m e n  s a m p l e s  b y  u s e  o f  t h e  commercia l  kit.  

Table 2. Detection of EAV in semen samples by different methods 

Sample1 RT-PCR Hinfl Dot blot Nested PCR Virus 
No. cleavage hybridisation isolation 

1 + + + + + 
2 + ND + + + 
3 + + + + + 
4 + + + ND _ 
5 + + + ND _ 
6 + ND + + -

7 ND 
8 ND 
9 ND 
10 - ND 
U - ND 

"All the samples were regarded as EAV-positivc. 
"•Positive only after further concentration of the RNA preparation. 
(+), ( -)  = positive, negative. ND = not done. 

Table 3. Detection of EAV in various organs of aborted foals by 
virus isolation, RT-PCR and dot blot hybridisation 

Animal Organ Virus isolation RT-PCR Dot blot hybridisation 
No 

1 Brain + + + 
Lung + + + 
Spleen + + + 

2 Lung + + 
Placenta + + 
Kidney - - + 

3 Lung - - +a 
Spleen - +» 

4 Lung + + 
Spleen - - + 
L,ivcr - + 

"Only after further concentration of the RNA preparation. 

Addi t iona l  p o s i t i v e  resul t s  w e r e  obta ined  in o n e  c a s e  a f t e r  
fur ther  R N A  concentration a n d  in t w o  c a s e s  a f t e r  c o m b i n i n g  
the methods  1 and  2 .  

Success fu l  preparation o f  R N A  from t i s sue  s a m p l e s  w a s  
dependent on t h e  amount  o f  the  v i r u s  in  the  s a m p l e  o r  on the 
condition o f  the  sample.  T h e  pos i t ive  R N A  s a m p l e s  f r o m  the 
animal  No.  1 (Table 3), w h i c h  induced EAV-speci f ic  C P E  in 
t h e  f i r s t  p a s s a g e ,  o r i g i n a t e d  d i r e c t l y  f r o m  b o t h  t i s s u e  

* 2 3 4 5 8 7 8 3 

• o • o m 

Fig. 1 
Three semen samples tested by RT-PCR, nested PCR and dot blot 

hybridisation 
Upper part. Gel electrophoresis of  RT-PCR products, samples No. 8 
(lane 1), No 11 (lane 4) and No. 6 (lane 7). Gel electrophoresis of nested 
PCR products: samples No. 8 (lane 2), No 11 (lane 5) and No. 6 (lane 8). 
DNA ladder (lane 10). 
Lower part Dot blot hybridisation. Samples No. 8 (lanes 1 (dilution 1:2) 
and 2 (1.10)), No 11 (lanes 4 (1:2) and 5 (1:10)) and No. 6 (lanes 7 (1:2) 
and 8(1 10)) Positive control (lane 10) 

+b 
+ 
+ 
+ 
+ 
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suspension and tissue pieces.  In samples f r o m  which E A V  
could not b e  isolated, the detection o f  E A V  RNA proved to 
b e  successful  only after  direct treatment o f  tissue pieces. The 
quality o f  R N A  obtained using the RNeasy Mini Kit  (the 
method 2 )  w a s  not superior to that prepared b y  the method 1. 
O n  the other hand, in two cases, further RNA concentration 
w a s  necessary f o r  successful  E A V  RNA detection. 

Discussion 

Although the v i rus  isolation in cell culture i s  the currently 
u s e d  and o f f i c i a l  method f o r  the detection o f  EAV, it i s  
limited b y  several  factors.  The  E A V  R N A  amplif ication b y  
RT-PCR holds promise a s  a diagnostic method which appears 
to  b e  suitable f o r  overcoming disadvantages o f  the v i r u s  
isolation (Chirnside, 1 9 9 2 ; B e l a k  etal., 1994;Herbst  etal, 
1995). However, a suitable method f o r  isolation o f  R N A  
f r o m  semen and organ samples  appears to  b e  crucial f o r  
obtaining rel iable results  in RT-PCR assay. 

B y  optimising the R N A  preparation f r o m  such samples,  
t h e  d e t e c t a b i l i t y  o f  R N A  in s e m e n  s a m p l e s  c o u l d  b e  
i m p r o v e d  b y  their  pretreatment  w i t h  prote inase  K and 
Chelex  100.  In this  way,  polyvalent  cations which  m a y  
disturb the enzymatic reaction are removed. Furthermore, 
to reduce labour and danger  o f  contamination caused b y  
additional handling, commercial RNA preparation kits  were  
used.  The  Q I A a m p  Viral  R N A  Kit w a s  tested wi th  regard to 
its suitability for  EAV RNA preparation f rom semen samples. 
T h e  method u s i n g  this ki t  w a s  rapid and standardised to 
ensure  the  isolation o f  h i g h  quality R N A .  However, the 
amount o f  E A V  RNA w a s  not a lways  suf f ic ient  f o r  RT-PCR. 
In these cases, concentration o f  the extracted RNA b y  ethanol 
precipitation w a s  performed.  Alternatively, a complete n e w  
RNA preparation b y  the  methods 1 or 3 w a s  done. Finally, 
it could b e  shown that an  improved quality o f  RNA could 
b e  obtained b y  combining the advantages o f  RNA extraction/ 
ethanol precipitation w i t h  the solid phase  principle o f  the 
Q I a m p  V i r a l  R N A  K i t  a s  d e s c r i b e d  b y  B o n h a m  a n d  
Danielpour (1996)  f o r  the  detection o f  m R N A ' s  f r o m  rat 
prostatic cells.  

S o  far,  a s imi lar  sensi t iv i ty  has  b e e n  demonstrated f o r  
v i r u s  i solat ion and molecular-biological  methods  o f  v i ra l  
R N A  detection (Chirnside and Spaan, 1990;  B e l a k  et al., 
1994;  St.Laurent  etal., 1994;  Cierp i sz  andGolnik,  1996). 
In the  present  study, the  RT-PCR a s s a y  proved  to  h a v e  a 
h igher  sensi t iv i ty  than the  v i r u s  isolation test. A m o n g  11 
pos i t ive  s e m e n  s a m p l e s  and samples  f r o m  4 aborted f o a l s  
a l together  5 s a m p l e s  w e r e  f o u n d  p o s i t i v e  in the  v i r u s  
isolation a n d  9 in the RT-PCR. The  higher  sensit ivity  w a s  
achieved b y  both  the  improved R N A  preparation methods  
a n d  t h e  opt imisa t ion  o f  react ion p a r a m e t e r s  f o r  R N A  
reverse  transcription and ampli f icat ion.  For the latter, the  

s l o w  cool ing  a f ter  the  annealing s teps  a n d  t h e  introduction 
o f  a semi-hot  s t a r t  to  in i t ia te  t h e  a m p l i f i c a t i o n  w e r e  
essential .  

A t  the beginning o f  the investigation, the primers  selected 
b y  St. Laurent  et al. (1994)  w e r e  u s e d  because  o f  their h igh 
sensitivity f o r  f i e l d  E A V  isolates. Surprisingly, the detection 
o f  E A V  R N A  f r o m  v i r u s  isolates  f r o m  three  reg ions  o f  
Germany w a s  not poss ib le  with these  primers.  T h e  RT-PCR 
remained negative a l so  f o r  cell  culture p a s s a g e s  o f  these  
isolates. T h e  reason f o r  this could res ide  in alterations on 
the molecular level, which have  to b e  checked b y  sequencing. 

T h e  E A V  3 a n d  E A V  4 p r i m e r  p a i r s  u s e d  i n  t h e  
comparative study exhibited di f ferent  sensitivities.  T h e  bes t  
results  w e r e  obtained w i t h  primers derived f r o m  the leader 
sequence, whi le  the amplif ication o f  the O R F  I B  region 
wi th  the E A V  4 primer pair  w a s  l e s s  ef f ic ient .  

To c lear  a m b i g u o u s  RT-PCR resu l t s  a n d  to  c o n f i r m  
u n a m b i g u o u s  o n e s  t h e  r e s t r i c t i o n  a n a l y s i s ,  d o t  b l o t  
hybridisation with DIG-labelled oligonucleotide probe,  and 
nested PCR were  used.  

The  restriction analysis  o f  PCR products i s  k n o w n  to  b e  
an e a s y  and relatively rapid method f o r  providing evidence 
o f  specificity.  Unfortunately, only samples  w i t h  unambi ­

g u o u s  signal  i n  t h e  ge l  w e r e f o u n d  posi t ive,  w h i l e  t hose  w i t h  

doub t fu l  s ignal  w e r e  n o t  recognised.  

O n  t h e  o ther  hand,  t h e  d o t  b lo t  hybr id isa t ion tes t  n o t  on ly  

c o n f i r m e d  the  RT-PCR spec i f ic i ty  b u t  a l so  s h o w e d  a h igher  

sensitivity. I n  fur ther  exper iments  n o t  involved i n  t h e  present  

study, o u t  o f  2 2  s e m e n  sample s  t e s t ed  10 w e r e  d o t  b lo t  

hybr idisat ion posi t ive  b u t  on ly  6 w e r e  RT-PCR-  pos i t ive  

(no t  shown) .  There fore ,  t h e  d o t  b lo t  hybr id isa t ion t e s t  w i t h  

a spec i f i c  D I G  p r o b e  s e e m s  t o  b e  h e l p f u l  a n d  feas ib le  tool  

f o r  check ing  doub t fu l  RT-PCR results .  

I n  t h e  m e a n t i m e ,  t h e  ne s t ed  P C R  h a s  b e e n  d e v e l o p e d  

a s  t h e  m o s t  sensi t ive  molecu la r -b io log ica l  m e t h o d  f o r  t h e  

de tec t ion  o f  vira l  nuc l e i c  ac id  f o r  a se r i es  o f  v i ra l  d i seases  

o f  an imals .  For  E A V  i t  w a s  desc r ibed  b y  B e l a k  et al. (1994)  

a n d  S e k i g u c h i  et al. ( 1 9 9 5 ) .  I n  a c c o r d a n c e  w i t h  t h e i r  

resul ts ,  t h e  h ighes t  de tec t ion  r a t e  o f  EAV-posi t ive a n i m a l s  

w a s  ach ieved  w i t h  t h e  n e s t e d  P C R  assay. T h u s  3 o f  11 

s e m e n  sample s  r eac t ing  negat ive ly  b y  o t h e r  m e t h o d s  w e r e  

f o u n d  posi t ive.  T h e s e  f i n d i n g s  w e r e  va l ida ted  b y  inc lud ing  

nega t ive  con t ro l s  a s  we l l  a s  b y  s epa ra t e  p r epa ra t i on  a n d  

amp l i f i c a t i on  o f  ind iv idua l  s ample s .  A n  add i t i ona l  pa r t i a l  

c o n f i r m a t i o n  o f  t h e s e  resu l t s  w a s  o b t a i n e d  b y  o n e  o f  t he se  

3 s e m e n  samples ,  w h i c h  a f t e r  5 p a s s a g e s  b e c a m e  pos i t ive  

i n  t h e  v i ru s  i so la t ion  tes t .  

T h e  sensitivity o f  t h e  nes ted  P C R  assay  a s  p e r f o r m e d  i n  

th i s  w o r k  exceeds  tha t  o f  t he  v i rus  isolat ion t e s t  i n  contrast  

t o  t h e  da ta  publ i shed  earlier. T h e  sensi t ivi ty a n d  rapidi ty  

m a k e  t he  nes ted  P C R  t h e  m e t h o d  o f  choice .  However ,  a 

d isadvantage  o f  car ry-over  con tamina t ion  s h o u l d  b e  kep t  

i n  m i n d .  A r educ t i on  o f  t h i s  r i s k  c a n  b e  a c h i e v e d  b y  a 
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stepwise  u s e  o f  the presented methods, in which the dot 
blot hybridisation test i s  employed for  the validation o f  the 
RT-PCR results, and only the so f a r  negative samples should 
b e  further subjected to the nested PCR assay. 

In conclusion, the data presented here  underline the 
higher sensitivity o f  the RT-PCR assay compared to the v irus  
isolation test in detecting EAV RT-PCR results can b e  further 
improved b y  subsequent dot blot hybridisation or nested PCR 
tests. Besides,  these methods allow the detection o f  E A V  
within 1 - 4 days in dependence on the method used. These 
results a s  wel l  as  the results o f  other authors (Chirnside and 
Spaan, 1990; St.-Laurent et al., 1994; Herbst  et al., 1996; 
Cancelotti etal., 1996) emphasize the necessity to improve 
the current of f ic ia l  procedures used in diagnostic o f  EAV. 
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