
Acta vet scand. 1998, 39, 401-413 

Reintroduction of Bovine Herpes Virus Type 1 into 
Danish Cattle Herds During the Period 1991-1995: 
A review of the investigations in the infected herds 

By B. Nylin1•2, K. G. Madsen3 and L. Rensholt3 

1Cattle Health Laboratory, Danish Dairy Board, Brmup, and 2Department of Ammal Science and Ammal Health, 
The Royal Vetenary and Agncultural Umversity, Frederiksberg, and 3Dan1sh Vetennary Institute for Virus 
Research, Lmdholm, Denmark. 

Nylin B, Madsen KG, Rensholt L: Reintroduction of bovine herpes virus type 1 
into Danish cattle herds during the period 1991-1995. A review of the investigations 
in the infected herds. Acta vet. scand. 1998, 39, 401-413. - In Denmark a programme 
for the systematic eradication ofbovme herpes Virus 1 (BHV-1) was completed dunng 
the years 1984 to 1991, but outbreaks due to new mtroduct10ns ofBHV-1 were seen. Be­
tween January 1991 and May 1994, 22 herds became mfected with BHV-1, all located 
closely to the German border. In 1995, 61 herds were detected BHV-1 antibody pos1t1ve, 
but they were situated m many different parts of Denmark. 
In order to find the source of mfectlon owners of mfected herds were mterV!ewed, and 
restriction fragment pattern analysis (RFP-analysis ) was performed on virus isolates 
from the herds with clm1cal outbreaks. Isolates from clm1cal outbreaks up to 1995 were 
identified as a Cooper-like stram, while 2 of those m 1995 had charactenstics ofa "new" 
stram, which had never before been identified m Denmark or elsewhere m Europe. 
In the descnbed situation different transm1ss1on routes for virus seemed possible One 
bemg a sporadic mtroduct1on of virus due to accidental contact with mfected cattle near 
the German border or maybe due to an arrbome transm1ss1on of virus over longer dis­
tance. The other, presumably a result of import of an mfected animal despite the national 
regulations. The latter, due to an extensive trade pattern, resulted m the mtroduct1on of 
mfected cattle mto 51 BHV-1 seronegatlve cattle herds. 

BHV-1; lBR; REP-analysis; epidemiology; transmission; Denmark. 

Introduction 
A programme for the systematic eradication of 
bovine herpes virus 1 (BHV-1 ), the causative 
agent for infectious bovine rhmotracheitis 
(IBR) and pustular vulvo-vaginitis (IPV), was 
carried out in Denmark from 1984 to 1991. In 
the beginnmg of 1991 few seropositive herds 
were still present, but the infection was under 
control and no acute outbreaks were recorded in 
these herds. From March 1991 the surveillance 
programme was in progress, and Denmark ob-

tained a European Union official BHV-1 free 
status in December 1992. 
The eradication programme was based on blood 
testing of all herds and slaughtenng of the 
BHV-1 seropositive reactors. The use of BHV-
1 vaccines was prohibited. 
Despite the effective eradication programme, 
new seropositive herds were recorded in the pe­
riod 1991 to 1995. 
The aim of this report is to describe the labora-
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tory and epidemiological findings related to the 
infected herds during the period 1991-1995 
based on data collected in collaboration with 
the Committee for Control of Infectious Cattle 
Diseases, the Danish Veterinary Institute for 
Virus Research and the State Veterinary Ser­
vices. On the basis of these results, the route of 
introduction of BHV-1 into the Danish cattle 
population is discussed. 

Materials and methods 
The Danish surveillance programme from 
1991-1995 
During the eradication campaign and in the fol­
lowing surveillance program, the BHV-1 status 
in dairy herds was monitored by testing bulk 
tank milk samples 4 times a year, and suspected 
positive reactions were followed up by serolog­
ical testing of all cattle in the herd. Monthly 
testing of bulk milk samples from herds in 
southern Jutland was carried out from October 
to May. In addition, blood samples were taken 
at slaughter from one out of every 6 cattle older 
than 8 months and tested for BHV-1 antibodies. 
As a result of the detection of several BHV-1 
infected herds in 1995, a special survey for 
BHV-1 antibodies in cattle from all non-dairy 
herds was established by testing individual 
serum samples from 10% of the cattle in each 
herd. 

Data collected from suspected positive herds 
In accordance with national regulations all cat­
tle herds suspected of being positive by the 
surveillance system, either because of a posi­
tive reaction in a bulk tank milk sample or a 
positive reaction in a blood sample taken at 
slaughter, were blood tested to confirm or reject 
the suspicion and to identify the number of in­
fected animals. Material from herds showing 
typical clinical signs were sampled by nasal 
swabs and analysed for the presence of BHV-1 
virus. 
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Interview data from irifected herds 
In an attempt to reduce further spread of in­
fected animals and to find the route of virus in­
troduction, the owners in confirmed BHV-1 
positive herds were interviewed by the state vet­
erinary officers about movement of cattle to and 
from the herd. Purchased test-positive cattle 
were traced to the herd of origin, and such herds 
were blood tested. In herds receiving cattle 
from test-positive herds, purchased cattle were 
blood tested, and in case of a BHV-1 positive re­
sult all ammals in the herd were blood tested. 
The owners were also asked to give information 
of other possible contacts between the herd and 
other herds or, if any, contact with known 
seropositive herds. All positive herds were cat­
egorised as dairy herds or non-dairy herds de­
fined as herds with no milk production. The 
number of infected cattle m the herd was regis­
tered on the day of blood testing and the days 
between introduction of a purchased animal 
and the confirmation of a BHV-1 positive diag­
nosis was calculated. The data were used to 
consider if the herd type or the number of days 
between introduction and detection of a 
seropositive anunal had any impact on the with­
in herd spread of virus. 

Demonstration of antibodies to BHV-1 
A Blocking ELISA test was used for the detec­
tion of antibodies against BHV-1 in both serum 
and bulk tank milk samples. (Nylin & Rlilnsholt 
(in preparation)), (Nylin et al. (in preparation)). 
All samples were tested undiluted in duplicate 
at the Cattle Health Laboratory. Seropositive or 
suspect positive results of blood samples were 
confirmed by the Danish Veterinary Institute 
for Virus Research. 

Virus isolation 
From herds with suspicion of acute outbreak of 
IBR nasal mucous were sampled by the veteri­
nary practitioner and sent to the Danish Veteri-
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nary Institute for Virus Research. The virus was 
recovered using standard methods (RfJnsholt et 
al. 1987). 

Restriction Fragment Pattern analysis (RFP) 
Virus DNA from positive samples were purified 
and digested using the endonucleases EcoRI, 
Bgl II, Hpal and Hindlll. (Christensen & Nor­
mann 1992). Virus isolates recovered from 
herds with clinical outbreaks in 1993, 1994 and 
1995 together with an isolate representative of 
the Danish strains before 1990 were compared 
to available vaccine strains*) and field strains 
supplied from the Netherlands, Hungary, Bul­
garia, Estonia and Germany. 

Clinical observations 
Clinical signs in herds with confirmed virus 
isolation in 1995 were recorded by interviewing 
the veterinary practitioner about the number of 
clinically affected animals and the severity of 
the clinical signs with special reference to the 
body temperature and respiratory affections. 
On the basis of the observed clinical manifesta­
tion the veterinary practitioners were asked to 
categorise the signs into one of 3 groups: Mild 
- including only discharge from eyes and nose. 
Severe - including dyspnoe and fever. Very se­
vere - having restricted respiration, dyspnoe 
and pulmonary oedema, resulting in death of 
the animal. 

Aggregation of data: 
The information from suspected and infected 
herds in 1995, which has previously been pub­
lished in the IBR - evaluation report (Anon. 
1995) was collected by the state veterinary offi­
cers and the laboratories involved and adminis-

*) Duphavac (Duphar), Nasamune (Beecham), 
Respacme-3 (Syntex), Tracharine (Sm1th-Khne), 
Cybov (Cynamd), Bayvac (Bayer) 

tered in a common data base in collaboration 
with the Committee for Control of Infectious 
Cattle Diseases and the State Veterinary Ser­
vices. Information collected from the outbreaks 
in 1995 was in addition used as basis of a na­
tional evaluation of the Danish BHV-1 surveil­
lance program. 

Results 
Epidemiological .findings 
The geographical distribution of !BR-positive 
herds in Denmark in 1991-1994 and 1995 are 
shown in Fig. 1 a and 1 b. Between January 1991 
and May 1994, 22 herds became infected with 
BHV-1. All positive herds were located in the 
southern part of Jutland close to the German 
border. They were all detected by the surveil­
lance programme either due to an acute out­
break, a BHV-1 antibody positive reaction in a 
bulk tank milk sample during the winter season 
from November to May, or by a BHV-1 positive 
reaction in a blood sample drawn at slaughter. 
Concerning the situation in 1991-1994, the 
BHV-1 infection in 13 of the 22 herds was be­
lieved to be a result of primary introductions of 
virus into the herds, because these herds did not 
have any direct animal contact with other herds 
prior to seroconversion. No human or other in­
direct contact between these herds and known 
infected herds were revealed. Additional 4 
herds became infected as a result of confirmed 
introduction of cattle from an infected herd. For 
2 herds no direct animal contact with infected 
herds could be demonstrated, but since situated 
in an area close to infected herds, either human 
or secondary aerogen transmission route could 
have occurred. For 3 herds other routes than di­
rect contact with infected cattle could not be ex­
cluded. In 3 of these 22 herds, acute clinical 
outbreaks ofIBR were registered. (Fig. la). 
In 1995 a special situation occurred with the 
detection of 61 herds housing seropositive cat-
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Figure 1 a The geographical location ofIBR positive herds m Denmark m 1991-1994 Symbols are explamed 
under Fig. 1 b. 
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tie, 6 of these having a recorded clinical out­
break of IBR. The positive herds were situated 
in various parts of Denmark (Fig. lb). 
The 61 positive herds can be grouped according 
to their temporal recording and route of infec­
tion (Table 1 ). 
In January-February 1995, 2 dairy herds were 
detected positive by the routine surveillance 
system on bulk tank milk. Most of the cattle in 
the 2 herds had seroconverted, indicating that 
virus had spread within the herd although no 
clinical signs were observed. The 2 herds, lo­
cated in the southern part of Denmark close to 
the German border, had no confirmed direct or 
indirect contact with other herds. 
In late spring of 1995 blood samples taken at 
slaughter from a herd in central Jutland were 
found BHV-1 seropositive. This herd had re­
cived cattle from another herd (PT) located in 
central Jutland more than 200 kilometres north 
of the German border. Blood samples from the 
herd PT showed that all cattle were BHV-1 
seropositive. The state veterinary officers' in­
terview with the owners disclosed that cattle 
from PT had also been distributed to several 
other herds, which again had distributed cattle 
to further different herds. During a serological 
follow-up on these contacts, 51 BHV-1 
seropositive herds were found. Herds that pre­
viously had sold cattle to the herd of PT were 
also bloodtested without detection of any sero­
logical positive animals. 
In 25 of these 51 herds, the seropositive animals 
were restncted to the introduced animals, while 
in 26 herds more than 3 seropositive reagents 
were found, indicating that some spread of 
virus had taken place. One of these herds was 
determined to be positive due to spread of virus 
from a neighbouring herd. The distribution of 
seropositive cattle in the infected herds is 
shown in Table 2. 
The number of days from introduction of them­
fected animal to confirmation of the diagnosis 
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varied from 10-62 days, with an average of 45 
days for the 25 herds without virus spread, and 
from 9-145 days, with an average of 50 days for 
the 26 herds which experienced a spread of 
virus. 
The number of dairy herds and non-dairy herds 
was evenly distributed in the 2 groups. 
In autumn another 4 herds were found having 
BHV-1 seropositive cattle. The mfections were 
related to confirmed direct animal contact be­
tween the herds. Based on the follow up blood 
testing, it was concluded that the herd was in­
fected before the main outbreak in 1995, but the 
route of introduction was unclear. 
Again in November 1995 a non-dairy herd near 
the German border was found positive. Clmical 
signs ofIBR were observed in December 1994, 
but no samples were at that time collected to 
confirm the suspicion. 
In connection with the special survey for 
seropositive reagents in non-dairy herds in 
1995, few cattle in 2 herds were found to pre­
sent a suspect, low seropositive reaction against 
BHV-1. 
Whether these reactions were due to a true in­
fection with BHV-1 remain speculative, but the 
cattle were administratively considered BHV-1 
positive and slaughtered. 

Restriction Fragment analysis 
Besides selected strains from outbreaks m 
herds near the German borders in 1993 and 
1994, the HpaI generated patterns of obtained 
field strains from the 6 registered clinical out­
breaks in 1995 connected to the infected herd 
(PT) in central Jutland are illustrated in Fig. 2a 
and 2b. The included BHV-1 Type I, Type III, 
and Type V are represented by K22 (IPV), 
483/69 and 540/89 (IBR) respectively. 
Two different genotypes were identified among 
the isolates from the clinical outbreaks in 1995 
after digestion with Hpal. 
Isolates nos. 56/95, 71/95, 93195 and 96/95 can 
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Table l . 61 Darush BHV-1 positive herds recorded m 1995 stratified accordmg to their temporal recordmg and 
the route of mfection (see text for further explanation). 

Number of herds Time of recordmg Route of mtroductlon of vrrus Mode of recordmg 

2 January Probably atrbome Bulk tank milk samples 
l (PT) March Unknown but Interview followed by 

probably import of md1V1dual serum samples 
mfect1ous cattle 

51 March-July Contact with mfected Sample drawn at slaughter 
cattle from PT Interview followed by 

md1v1dual serum samples 
4 September Unknown Interview followed by 

ind1v1dual serum samples 
3 September-November Unknown Ind1V1dual serum samples 

Table 2. D1stributJ.on ofBHV-1 antibody positive cattle m 61 infected herds m 1995 

Number of seropos1t1ve cattle 

1- 3 
4-10 

11-50 
>50 

Total number of mfected cattle was 1560 

be grouped as belonging to the IBR genotype, 
(Type V) on the basis of the RFP patterns. The 
isolates from 1993 (34/93) and 1994 (17/94, 
20/94) show the same patterns and are as well 
grouped into BHV-1 Type V. 
Isolates nos. 47/95 and 92/95, originatmg from 
2 different herds, however, differ from other 
Danish isolates of the IBR type and the other 
1995 isolates by the lack of fragments 3a and 5 
which grouped them as a BHV-1 subtype IV, 
bemg an evolutionary intermediate between 
Type III and Type V. 
This differentiation was not obtained by digest­
ing with the other enzymes Hindlll, Bgl II and 
EcoRI (data not shown). 
Combining the RFP analysis results of the virus 
strains from the 6 herds with clinical outbreaks 
and the information of known animal transfer 
between these herds, and the original infected 

Number of herds 

33 
6 

10 
12 

Total number of herds was 61 

herd of PT, indicates that the cattle from PT 
were infected by 2 different types of BHV-1. 
Type IV and type V (Fig. 3). 
The collected field strains from different loca­
tions in Europe including available vaccine 
strains were digested with Hpa I. None of these 
strains expressed the same digesting pattern as 
the "new" Danish strain. (Data not shown). 

Clinical observations 
On the basis of the observation made by the vet­
erinary practitioner, the severity of the 6 clini­
cal outbreaks in 1995 was evaluated. 
In at least 1 of the 2 herds affected, the "new" 
Danish strain seemed to be more virulent than 
the IBR genotype, which caused mild to severe 
clinical signs in 4 affected herds (Table 3). Un­
like the classical moderate clinical findings 
seen with IBR, severe manifestations observed 
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Lane 1: A Hind Ill 

2: K22 

3: 483/69 

4: 540/89 

5: 34/93 
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9: 92/95 
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- 11: 71/95 

- 12: 93/95 

- 13: 96/95 

- 14: 271/95 

Lane 15: A Hind Il l 

Figure 2a. Hpa I restnctlon fragment patterns ofDamsh BHV-l 1solates 

Lane 1 and 15: Molecular weight marker (Lambda·HmdIII); 
Lane 2. IPV genotype (K22); BHV-1 Type I 
Lane 3· Intermediate genotype"IPV/IBR" (DK 483/69); BHV-1 type III 
Lane 4 IBR genotype (DK 540/89), BHV-1 type V 
Lane 5 Isolate from outbreak ofIBR m 1993; 
Lane 6,7. Isolates from outbreaks ofIBR m 1994, 
Lane 8-14: Isolates from outbreaks ofIBR m 1995 

with the "new" strain were related to restriction 
of the respiration, pulmonary oedema, and 
death of some of the infected cattle, which indi­
cate a virus stram of high virulence. The com­
mon pathological findings from these cattle 
were pulmonary oedema and crupoes tracheitis. 
(Figs. 4a and b). 

Discussion 
A programme for the systematic eradication of 
BHV-1 infections was earned out in Denmark 
between 1984 and 1991 without prophylactic 
vaccination, thus leaving the Danish cattle pop­
ulation highly susceptible to new introductions 
ofBHV-1. 
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Despite the systematic eradication of BHV-1 
and an effective control programme, recurrent 
mfection of Danish cattle herds with BHV-1 oc­
curred on few occasions during the period 
1991-1995. Until 1995 reinfections were only 
detected near the southern border of Jutland, 
but in 1995 BHV-1 was isolated in a herd 200 
kilometres north of this border area, and which 
apparently caused an epidemic outbreak of 
IBR. 
Observations from every seropositive herd dur­
ing 1991-1995 were registered, mcluding sero­
logical surveillance of contact herds, molecular 
investigations (RFP-analysis) of isolated virus 
strains from climcal outbreaks and interviews 
with owners concerning movement of cattle or 
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other possible contacts with infected or non-in­
fected herds. 
Based on recorded data from the seropositive 
herds during the period 1991-1995, 2 different 
routes of virus transmission into the Danish cat­
tle population seem to be possible. One being a 
sporadic, local introduction of virus near the 
German-Danish border due to accidental con­
tact with infected German cattle, or maybe due 
to an aerogen transport of BHV-1 from infected 
herds south of the Danish border. Circum­
stances which may explam the detection of 13 
primary infected herds from 1991 to 1994, 2 
herds in January 1995 and one herd recorded in 
November 1995. Another possibility of the in­
troduction of BHV-1 could be an unauthorised 
import of BHV-1 infected cattle despite the na­
tional regulations. A situation that might ex­
plain the infection in the herd in the center of 
Jutland, where the intensive survey of all con­
tact herds did not discover any other source of 
infection. The interesting finding of a new 
BHV-1 strain, not earlier detected in connection 
with IBR outbreaks in Danish cattle herds, sup­
ports this theory. 
The hypothesis of an aerogen transmission of 
BHV-1 into Danish cattle herds has never been 
confirmed, although meteorological data of 
temperature, humidity and wind directions dur­
ing the winter time supports this possibility 
(Nylin et al. 1995). The temperature and hu­
midity in Denmark during the winter months 
limit the reduction of live virus numbers in 
aerosols (Schoenbaum et a/.1990) and the cur­
rent wind direction will enable transport of 
virus particles from infected herds south of the 
Danish border. Moreover, the border area repre­
sents a region with an intensive cattle produc­
tion, which combined with a constant net flow 
of wind from south to north increases the risk of 
an airborne introduction of BHV-1 into Danish 
cattle herds. 
Description of airbom transmission of infec-

HpaI: 
lllw 

23.1-

9.4 -
6.5 

4.3 -

2.3 .... 
2.0 -

0.6 -

I 2 3 4 ' 
= ----

Figure 2b "Fmgerpnnts" ofHpa I digested VJrus 
isolates presented m Fig. 2a. 

Mw: Molecular weight marker (Lambda Hmdlll); 
Lane 1. Representative of isolates from 4 7 /95 and 

92195 ("new stram"); BHV-1 type IV 
Lane 2· Representative of other Danish BHV-1 

isolates from 1993-95; BHV-1 Type V 
Lane 3: Prototype of typical IBR-hke genotype 

(DK 540/89); BHV-1 Type V 
Lane 4: Intermediate "IPV/IBR" genotype 

( 483/69); BHV-1 Type III 
Lane 5: IPV genotype (K 22). BHV-1 Type I 

tious agents is limited, but studies of introduc­
tion of Suid herpes virus -1 into Danish pig 
herds have lead to description of a possible 
aerogen transmission of Herpes-virus over 
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Figure 3: Combmat10n of the RPF analysis results 
of the virus strams from the 6 herds with chmcal out­
breaks and the mformat10n of known ammal transfer 
between these herds and the ongmal mfected herd. 
The herd of PT has housed cattle mfected with 2 dif­
ferent BHV-1 strams 

Tab 1 e 3. Summansed results of the RFP-analys1s 
and the chmcal observations of 6 herds with con­
firmed virus 1solat1on. 

Journal no BHV-1 stram Chmcal symptoms 

47/95 "New" stram Very severe 
56195 IBR genotype Mild 
71/96 IBR genotype Severe 
92195 "New" stram Severe 
93/95 IBR genotype Severe 
96195 IBR genotype Mild 

short distances between farms (Bztsch & An­
dersen 1982, Bitsch 1984 ), and transportation 
over the German-Danish border causing Au­
jeszky disease in Danish pig herds (Christensen 
et al. 1993). Only Foot and Mouth disease virus 
is well-known for its ability to be spread by air 
over long distances (Gloster et al. 1982). 
Besides seropositive cattle herds, other rumi­
nants like sheep and deer might be possible 
reservoirs for BHV-1 infection and thus be in­
fectious to cattle. However, it its concluded that 
neither sheep experimentally mfected with 
BHV-1 (J. J. Hage et al. 1997), nor Reed deer 
(Cervus elaphus) (R@nsholt et al. 1987) do eas­
ily transmit the infection, although they are 
housed in close contact with cattle. 
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Studies of transmission of BHV-1 virus within 
and between cattle herds are very limited. How­
ever, J J Hage (1997) recorded detailed data of 
introduction of BHV-1 virus into a population 
of 50 herds consisting of 3 300 cattle situated 
on an isolated island. Four major outbreaks 
were recorded during the observational period, 
3 of which were imtiated by introducing 
seropositive animals to susceptible farms, and 
one probably being a reactivation and subse­
quent reexcretion of BHV-1. One of these out­
breaks led to 3 secondary outbreaks m other 
herds, where direct contact between cattle, hu­
man transmission of virus, or an aerogen trans­
port of virus between herds were the most likely 
reasons for introduction of virus. 
In the situation described here, however, the 
transmission of infection was primarily a result 
of direct transfer of seropositive animals be­
tween herds, while human or aerogen transmis­
sion of virus could not completely be ruled out. 
From 1991 to 1994, 4 herds were secondary by 
infected as a result of direct cattle contacts be­
tween herds, whereas in 1995 an extensive trade 
pattern involved a quick transfer of infected 
cattle to as many as 50 BHV-1 seronegatlve 
herds. 
Besides the introduction of acutely infected, 
virus excreting cattle, transfer of seropositive 
latently infected cattle leadmg to reactivation of 
virus is one of the most common ways of intro­
ducing BHV-1 into susceptible herds. Stress 
due to transport and introduction to a new envi­
ronment is some of the classical conditions, re­
sponsible for this reactivation oflatent virus in­
fection. (Pastoret & Thirey 1985, Thirey et al. 
1987, Kaashoek et al. 1996). 
In the situation from 1995 a spontaneous spread 
of virus occurred in half of the seronegative 
herds after a seropositive animal was mtro­
duced. Once a seropositive animal had been in­
troduced to a susceptible herd, the nsk of with­
in herd spread of virus was expected to be 
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Ft gure 4. Cow with severe chmcal signs of IBR. 

a The head and neck are stretched out to compensate for the restncted respiration and pulmonary oedema. 
b Section of the trachea from the cow m Ftg. 4a. A 5 mm croupous membrane 1s present along the mucosa. 

related to differences in herd type, as the dairy 
and non-dairy herds represent different types of 
management- and housing systems. There was 
a tendency to a more frequent with-in herd 
spread of virus in dairy herds than in non-dairy 
herds. However this difference was not statisti­
cally significant. 
The time used for survey, reflecting the number 
of days from introduction of the infected animal 
to confirmation of infection by blood testing 
was on average 45-50 days. Within this period, 
half of the 50 herds had experienced a spread of 
virus. 
The result of RFP analysis on the 6 available 
BHV-1 isolates from the disease outbreaks in 
1995 demonstrated 2 different types ofBHV-1 
causing IBR. BHV-1 Type V, which was similar 
to the isolates from previous outbreaks in Den­
mark and a "new" strain, BHV-1 Type IV, which 
had never been identified in Denmark before. 
The 2 different strains were isolated from cattle 
originating from the same herd. Whether this 
was due to circulation of 2 strains at the same 
time in the herd or because the infected cattle 
originated from different herds remain specula­
tive. 

The occurrence of different strains of BHVl 
within the same herd has previously been re­
ported. A heifer, which was in close contact 
with different herds before entering a new herd, 
initiated a climcal outbreak from which 3 dif­
ferent BHV-1 strains were isolated. (Hage 
1997). 
Although the number of isolates are very lim­
ited, according to the clinical signs observed by 
the veterinary practitioner, it appears as if the 
"new" Danish strain may lead to more severe 
clinical manifestations than seen with BHV-1 
type V A virulence which may be connected to 
the genomic pattern (Msolla et al. 1983, Ed­
wards et al. 1991, Kaashoek et al. 1996). 
Divergent strains of BHV-1, including vaccine 
strains, are circulating in the European cattle 
population and vaccine strains may also be­
come established in herds and cause clinical 
outbreaks. (Misra et al. 1983, Gregersen et al. 
1985, Whetstone et al. 1986, Baker et al. 1989, 
Edwards et al. 1990). An observation, which 
was also confirmed by us, through the result of 
an RFP analysis performed on Dutch field 
strains. (Data not shown). 
In an attempt to elucidate the geographical ori-
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gin of the new Danish BHV-1 isolate, the col­
lected field and vaccme strains were analysed 
together with the "new" isolate. Using Hpa I as 
the restriction enzyme in the RFP, which is of­
ten used to demonstrate differences in BHV-1 
strains, it was not possible to identify similarity 
between the new Danish isolate and field or 
vaccme strain. 
The genotype of this new Danish strain, stated 
as type IY, may in the evolutionary systematisa­
tion of BHV-1 be placed between the mterme­
diate Type III and the IBR-type, Type V. (Chris­
tensen et al. 1996) and it is postulated to be a 
representative of circulating but not previously 
discovered BHV-1 stram m the European cattle 
population. 
From this study of recorded data of new in­
fected herds it can be concluded that BHV-1 
was reintroduced into the Danish cattle popula­
tion during the period 1991-1995 and it is evi­
dent that different strains of BHV-1 were 
brought into the cattle herds during 1995. 
Although an intensive follow-up on every 
BHV-1 positive herd were performed, through a 
close collaboration between different authori­
ties, the route of introduction ofBHV-1 to Dan­
ish cattle herds still remains speculative. 
Concerning the surveillance program for detec­
tion of antibodies to BHV-1 in Danish cattle 
herds it was concluded in the IBR evaluation re­
port of the 1995 outbreaks, (Anon. 1995) that 
the performed monitoring of dairy herds on bulk 
tank milk samples are sufficient, but bloodsam­
ples drawn at slaughter, may be insufficient due 
to lack of correct identification of the herd of 
origin. 
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