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Summary 
During October of 1984 an influenza epidemic occurred on mink farms in 

the coastal region of South Sweden. Six strains of an influenza A virus were 
isolated. All six isolates were of the H 10 subtype in combination with N4. 
The H 10 subtype in combination with various N subtypes was hitherto 
only known to occur in avian strains, the prototype being the A/chicken/ 
Germany/N/49 (H 10N7) virus. 

Influenza A viruses which cause infections in humans, lower mammals 
and birds, are subdivided into 13 haemagglutinin (H) subtypes. All these 
subtypes have been isolated from birds, while up to now only the subtypes 
H 1, H 2, H 3, H 4 and I-I 7 have been found in mammals including man, horse, 
swine and seal. Similarly from the 9 known neuraminidase subtypes only 
5 could be detected in mammalian viruses. Although there is considerable 
antigenic and genetic relatedness between influenza A viruses of avian and 
mammalian origin, only the seal virus raises the possibility that  mammalian 
influenza viruses may be directly derived from avian strains in nature (2, 8). 
We now report the isolation of an influenza A virus possessing avian t t  10N4 
surface antigens from mink that  died from pneumonia in several farms on 
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the South coast of Sweden. This could represent a further example of the 
potentiM rote of an avian influenza virus as the causative agent of a severe 
outbreak of mammalian influenza.. 

The outbreak occurred during October 1984~ in 33 mink farms, containing 
100,000 animals, situated close to each other within an area of the South 
coast of Sweden (Fig. 1). There was almost 100 per cent morbidity and 3000 
mink died. The most pronounced signs of the disease were anorexia, sneezing 
and coughing and nasal and ocular discharges. On post mortem examination 
an acute interstitial pneumonia with alveolar involvement was diagnosed. 

Suspensions of lungs from six dead mink from 5 different farms were 
inoculated into the amniotie sack of 1i day old chicken embryos. Amniotie 
fluids of all the inoculated eggs taken 48 hours after infection caused a 
stable agglutination of chicken erythrocytes. The virus grows in chicken 
embryo cells and forms plaques in the presence of trypsin in the agar overlay. 
Complement fixation tests with antisera to the influenza types A and B 
revealed that  the mink virus belongs to the influenza A viruses. An antiserum 
prepared by intranasal inoculation of ferrets with one of the isolates (No. 
3900) as well as a serum from a convMeseent mink, inhibited haemagglutina- 
tion of the six isolates by equally high titers. Haemagglutination-inhibition 
(HI) and neuraminidase-inhibition (NI) tests with reference antisera 
against each of the 13H and 9N subtypes revealed that  the isolate belongs 
to the serotype H10N4.  An antiserum against A/chicken/Germany/N/49 
(It t0N7)  reduced the infectivity of isolate 3900 by  more than 10 a plaque 
forming units. The isolate from mink is therefore designated A/mink/ 
Sweden/84 (H t0N4).  

In order to confirm the spread of the same virus through the farms 
involved, sera were collected from 30 mink that  had recovered from the 
disease, 10 mink per farm. Additionally, 15 samples were eolleeted from two 
farms not involved in the outbreak. All the sera were tested by  H I  against 
two of the six mink isolates (Nrs. 3900 and 3849) as well as against various 
other influenza virus subtypes. The results in Table 1 show that  the sub- 
type H 10N4 was spread through at least three of the farms involved. When 
tested against the two human H 3 N 2  viruses all the 45 sera proved to be 
positive. This is in accord with the results reported by OI~ZAKI et al. (5), 
who in mink farms noted silent infections with the human subtypes H 3 N 2  
and t I  1 N 1 by serology. 

In order to learn about the infectivity and pathogenicity of the mink 
virus, five mink were each inoculated with i280 HA units intranasMly. 
The virus was from the first passage of the isolate 3900 in the Mlantoic sack. 
On day 1 after infection 5 mink were alternatively put  into contact with an 
inoculated mink by  housing the non inoculated mink in a cage neighbouring 
that  of an inoculated mink; the fence between them being wire netting. 
Serum samples were collected every third day until day 16 post infection. 
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Table 1. Spread o/ the H ION 4 virus in the ]arms involved in the outbreak o/ inf luenza 

HI test: number of sera positive/Vested h 

Subtype/isolate From 3 farms involved From 2 farms not involved 

Iz£ 10N4/3900 24/30 0/15 
g 10 N 4/3849 24/30 0/15 

10N 7/Virus N 24/30 0/15 
H3N2 a 30/30 15/15 
H 3N 2 h 30/30 15/15 
I-I 3N8o 0/30 0/15 
I17N7 a 0/30 0/15 
H2N2~ 0/30 0/15 
H 1N 1 r 0/30 0/15 
H I N I g  0/30 0/15 

A/Hong Kong/1/68 ~ A/Singapore/57 
b A/Aichi/2/68 ~ A/porcine/Sweden/83 
c A/equine/Solvalla/79 g A/PR/8/34 
a A/equine/Prague/56 h ttI-titers of 1:8 or > 1:8 considered, as positive 

After  incubat ion  periods of 2 to 5 days for the  inoculated mink and 5 to  
7 days  for the  noninocula ted  mink, the  first  sign of disease was anorexia  
followed by  similar signs to those seen in the  field, i.e. sneezing, pertussis- 
like a t tacks  and dyspnoea  a, eeompanied by  nasM and  ocular discharges. 
Two mink were sacrificed on day  6 and 9 post  infection when moribund.  The 
virus was recovered  f rom the  lungs and liver and in one mink f rom the  brain 
too. One of the  inoculated mink also showed ataxi~ and the virus was 
recovered  on day  9 af ter  infect ion only from the  brain. 

Mink virus specific antibodies as de te rmined  b y  E L I S A  appeared  on d a y  4 
af ter  infection in inoculated mink and on day  6 to 9 in contac t  mink;  the  
t i t res  increased to  reach high levels on da y  16. 

The characteris t ics  of the  virus t ha t  could be de termined  suggest t h a t  
a t  least the  genes coding for the  surface antigens are of avian origin. A virus 
of the sub type  H i 0 N 7 ,  then  called virus N (A/chicken/Germany/N/49) ,  was 
first  isolated f rom a dead  chicken in 1949 in Bavar ia  b y  DINTER (1) and  
has been subsequent ly  found  in different  avian species in various countries. 
In  the  original combinat ion  with N7 the  serotype H 10 has been encountered  
as an agent  of influenza ou tbreaks  in tu rkeys  in i979 and  t980 in Minnesota,  
U.S.A. Fera l  ducks were suspected to  be silent carriers (3). Together  wi th  
some o ther  neura, minidase (N) antigens the  serotype H 1 0  was found  on 
coots in Israel  (4), in feral birds in Europe  (7), and in ducks in China (9). 
Thus,  the  virus was considered to be a s t r ic t ly  avian subtype.  

At  present  it  is unknown how the  virus was i n t r o d u c e d  into the  mink  
farms, and how the  virus spread between the  farms. The mink  farms which 
have  been involved in the  ou tb reak  are s i tua ted  close to the  sea (Fig. 1), 
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Fig. 1. Map of the Listerland peninsula of the South coast of Sweden indicating loca- 
tion of mink farms involved and not involved in the outbreak of influenza. The mink 
farms are visited all seasons by crows (Corvus curone) and gulls (Laridae spp.). In 
October also migrating birds, predominantly eider ducks (Soraateria molissima) will 

pass the area. Mink farms involved ( ~ )  and not involved ( ~ )  ; Village (II) 

and  are of ten invaded  b y  seabirds,  par t i cu la r ly  gulls, and  dur ing October ,  
b y  o ther  birds migra t ing  to the  South.  Since the  mink  cages arc k e p t  out-  
side, the  birds become a t t r a c t e d  to  the  m i n k  food, which is p laced on the  
c a g e s .  

I t  is obvious  t h a t  the  mink  is suscept ible  to several  inf luenza A viruses, 
including h u m a n  sub types  H 3 N 2  and  H 1 N 1  as shown b y  OKAZAKI et al. 

(5, 6), and  in Tab le  1. I n  all these cases the  mink  never  became  ill. I t  is 
t e m p t i n g  to  speculate  t h a t  av ian  inf luenza viruses of the  s u b t y p e  H IO 
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have the capacity to be transmitted to mink and may acquire virulence by 
the selection of virus variants by adaption to the novel host. 
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