




since it could be specJ!ically inhibited by antisera to the virus. ~Thi:· \ 11cu 

repented ,vith rnurnps, Ne,vcastie dist·ase. parainf!uenza. n1easles. ,:'.::'.~;;:.~en and v ... -este:', 
encephaiomyeliris. Getah and rubella viruses. 

\Ve first noticed that Akabane vi111s antigens prepared by sucfl":'.•;e~thi: f)r1t; t:xtrac:Lion ot in 
fccted mouse brains not only agglutinated. but ;:,lso ly.sed pigeun i'J}e c'Xferir,"lt:iii v,;i:. 
repeated with virns propagated in HmLu-1 cell cultures and concentrateci uliracemrifugatiun 
The preparations demonstrated high HA titers, but no or weak hemulyric a,:tinty. However, 1t Wi\2 

soon found that repeated freeze-thawing enhanced markedly their hemolytic auivity, whtreas their 
HA titers remained unchanged. The hemolysis was found to be dependent on the NaCl molarity?.:~ 
well as the pH of the diluent as in the case of HA with the virus. On the other hand. ~he hemolys;;; 
was markedly affected by the incubation temperature, whereas HA w,.•s not: the hcir:olytic i.cw,·iry 
was highest at 37°C, somewhat lower at 25°C. very low al ,1'·C, am: r1,.1/ p1<·:scnt ;it O"C. While 
pigeon erythrocytes were positive for both HA and hemolysis, goose 1~ryLhrm::1tt>s were poc:itivt: tor 
HA but negative for hemolysis. Erythrocytes from cattle, sheep, rabbits, 11,uinea pi~s, mict: and day· 
old chickens were all negative for hemolysis as well as for HA. A linear reiation:,hip W?.s shown. in z, 
wide range of the virus concentration, between the percent hemolys1s and th,: virus <:OlJ<:eilrrntion 
as expressed in a iogarithmic scale. 

Based on these findings an assay method for Akabane virus hemolysin was developed. Analysis 
by CsCl equilibrium density gradient centrifugation indicated the to be struc· 
turally associated with the virion. Scanning electron microscopy of pig,,on i,ryforncytes underg,>ir:f' 
hemolysis with the virus revealed the appearance of a depressed area witi, a hule m1 th:: cell sw·f;,ce. 
The hemolytic activity with Akabane virus was specifically inhibited by antist,D: 1.0 the vims and 
the hemolysis-inhibition test was developed. 

4 Infection in pregnant hamsters, goat, sheep and cattle 
Transplacental infection of hamster fetuses was produced by ineculation of pregnant hamsters 

with Akabane virus by either the intraperitoneal or the subcutaneou:, n•vte. High-titered virus was 
detected first in the placenta and later in the fetus. Virus could also be readily isolated from blood. 
lung, spleen and liver of both pregnar:t and nonpregnant hamsters, but it reached higher titers and 
persisted longer in the placenta and fetus. Animals dying at birth had high-1,itereo v;rus in the brain. 
Litter size was reduced by inoculation of the pregnant hamster at gestational day 1 i or eari1er. and 
survival of the newborn to one week of age was decreased by inoculatiun at gestational day 9 or 
later. 

Intrauterine infection of the fetus was produ::ed by inoculation of pregnant sheep and pregnant 
goats. The inoculated sheep and goats showed no clinical signs of infection, but developed 
neutralizing antibodies to Akabane virus. Viremia and !eukopenia were often observed. Virus was 
recovered from various tissues. particularly cerebral and muscular tissues of the fetuses, and 
nonpurulent encephalomyelitis and polymyositis were observed in the affected fetuses. Congenital 
AH syndrome was also observed in some of the fetuses and the 11ewborn anjmals, and the oc
currence of intrauterine infection was shown in the newborn animals with or without AH syndrome 
by the presence of neutralizing antibodies to Akabane virus in their precolostral sera. The 
pathogenic effects of Akabane vims seemed to be related to the gestational age at which the fetus 
was infected. 

We inoculated Akabane virus intravenously into seronegative pregnant cows. All the 
inoculated cows developed viremia and neutralizing antibodies for the virus, indicating that the 
cows were actually infected with the vims, although fever or any othet clinical almorrnalities were 
not noted. The virus further infected the fetuses. This was proved by virus isolation or by 
demonstration of neutralizing antibodies to the virus in their precolostral sera. Some of the in 11/ero 
infected calves displayed congenital abnormalities such as cerebral ddeci·s, hydranencephaly and 
arthrogryposis. 
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:1 Diagnosis 
T'hf~ r·tiological diagnosis of ,;\_kabane diseast::' rt:,quue3 jabur;·t::c~ 

diagnosi~ of the disease rnay be sugge::,ted on c.iiniral. pathological 
:Epiderniological irlfor!1:ation (in the preYiuu~: or ;__:urr'ttnr th .. 'C'U!Tea!lCt 

helpful in the diagnosis. 
F'or the i~ola.tiun ot !\kabar:c \·in.1;:; the clh1ic;::d 1rL:lt(~rials arL' }r.,.

~he intracerebral :-i)U~t or into ce!J culi.ures oJ 
cell lines, 11n1Lu~1 or 131-11\21. T'he clinical rntH(:rials selected fut vi1 
centraJ ner\~ous sys tent skelert:1 i n1uscles nf the fetus and fe~·al pi~:, 
aborted fetuses O().~urring in late surnrner and 
;solation. ()f tht~ inocvlatcd 
rdter showing .ff1ild clinical illness. Serial pa~sage can be easily rnade 
111.ice. In the int.H.::ulated cell cultures 1\kabant~ virus 1 eactily- repEca · 
serial passage can be obtained \virhout 'I'he isolalr:li Yirus c.~ 

tests v,.rith knovn1 antist~ra to .Akabane ·viru;;. rhi..:: er,i0l,Jf!'ical diagnu:--,;i; 
antigens of :\kabane virus are den1unstrated in cerebral or n1nscula 1• 

the ir111nunofluurescence sta1ning techni4ue. 
For the etiological diagnosis by serologicai H1t:ans, sera are cui 

bt~fore the~e suck cn1nstrurn or froin fetuse~s. In cattle. sheep ::ind 
rnaternal antibodies through the placenta to the fetus dtJes not occLu ,. :u.1:J 

maternal antibodies by ingesting colo;;trmrL On the otlwr hand, the1, ,,,, ,,s,·:, 
produce antibodies upnn antigenic stimulation early ir1 gestatiun, 
tibodies to .Akabane virus in preco1ostra1 or fetal sertnn indicates u~:~i!' 

acquired intrauterine infection ,vith ;\kabane virus or antigenically 
intrauterine infection v.rith bovine diarri1ea virus. bovine rhi1.totrache:~~1:_; 
virus, bovine enterovirus and bluetong;ue virus hris also been diag;:osed. 

Influence of geography on disea;.,t 
1 Global distribution nf virus aud di!,;easc 



tri'izieniorh_ynclzus~ in 1959 and lat:;;~r in A.u~·,tralia fro1n biting r11idges. (~ulicoides bret:iiarsis. l}uring 
tlk c,mbr,;.~ks of Akabane disease' ,,, }?.,;an 1 -=t,2-1974. we isolateri Aka bane ,·1:-.;::; fro,,, ,,awrally 
affected bovine fetuses and fn)In the blood o.f s:.::ntine1 co1vvs, 'l'h,::: y·inis \Vas a!so rect'JYered frorn the 
blnod of sentinel cattle and sentiE:;,l 

Metselaat and Robin ( l'·l'i'bl isolated a vir~;< :r ,n: ;, of A jimestu, rnosquirnr,-, 
<·ullected in a fon·sr w C-1,' •.: ,-2,,.tal area of Ken,;,c. T!:t ,»oiated virus wa;; indistinguishable irnm 
J\kabane vi111s by the c.on1plernent fixation test, hut there tA'as a slight one-v.ray difference in the 
1.u:'utralization test Recently Akabane vims has b0en isnla,.ec in South Africa from moribund lamb:;, 
;3. 7 clays of age, and biting n°idges. 

The geographical distribution of ;mtilxxlie:, to Akabane virus :n Japanese bovine populations 
was studied. High incidence of neutrniizinq- ,intibodies was show:1 i,1 the central and westfrn parts 
ot Jap,,n ,,-ilE'1e Akabane disease had occurred in thr pr::vious year, whcrea,:; ;t,w animals 
had antibodies in the non-epicler:iic nr-rthern p;uts of the country. Furthermore, cattle in epidemic 
ar:::as showed a high rate of seroc<im·prsion for Akabane virus, injicating a wide dii:sernin;:tion of 
Aka bane virns in the epidemic areas durini thc summer months ,)f 1972 and 1973. 

Other specie;, fourni 10 .\ave antibodies to Aka bane vi :us ,,,·ere horses, goats and sheep, but no 
antibodies were found in rlo;,w:;tic chickens, pi.s-s and man, H! antibodies were detected in a fE:v: 
humans. 

In Australia high amiborly mcidence was fOLmd an;ong cattle in northern Australia C\Vestern 
Austraiia, Queem-:land c1r1d "-;, ,r;hern Territory), :rnd antibodies werF~ distributed southwards and 
eastwards whereas at b.igh latitudes such as \Tictnria and T\1snJania no antibodies \Vere found. ()ther 
sper:ie~ fu,md tn have antibodie:; to Akabane vi,·us in Australia ,Nvff buffaloes, horses, camels and 
sheep. hm nu auribodies were deted ed in dorr1e,,ric chickens, ducks, wallabies or man. 

Antibodies i.o Akabane virm were found in pigs and monkeys in Indonesia. in monkeys in 
Malaya and the Philippines, in pigs in Taiwan, and in horses in Thailand. Antibodies to Akabane 
virus were aiso found in sera collected npon drrival from ,:atcle imported to Japan from Australia 
(29/48, 56%), Indonesia (11/la, 85%), Korea (11 /~'iO, 22 1Yo) and the Netherlands {1/15, 7%), but no 
antibodies were found in cattle, horses, pigs and sheep imported from Camda, England, France, 
New Zealand. the United Srntes and VenezuehL fn Israel where outbreaks ot congenital AH syn
drome were observed in cattle, sheep and goats in 1969, antiborlies to Aka],;ane virus were detected 
in these animals. Antibodies t:J Akabane virus wtcrc found irl oittle and :,,h,,t·D in Cyprns and South 
Africa. 

These results of virus isolati011 and serological tests, aithough fragmentary, indicate a wide 
distribution of Akabane virus among cattle aml other domestic animals in the tropical and tern· 
perate areas. 

As discussed later, in Australia Akahane virus is believed to survive in transmission cycles 
involving cattle, sheep and horses as vl':'rtebrate hosts. and C brevitarsis as vector. Doherty 
,;peculates that Akabane ,,irus inay have been introduced into Australia together with its vector and 
vertebrate host from India or South Africa during the period of importation of veterinary animals in 
the nineteenth century, 

The occurrence of Akabane disease has so far been demonstrated in Japan, Australia and 
Israel. However, in view of the wide distribution of Akahane virus in the tropical and temperate 
areas of the world as discussed above. Akabane disease seems to occur in many other countries. 
This view may be strengthened when we consider the fact that in Akabane disease as observed in 
Japan, intrauterine infection with the virus results in various pathological manifestations which 
show contrasting time courses over a period of half a year. This situation may make it difficult to 
consider these different pathological conditions to be caused by the same agent. Ir: the tropical or 
subtropical areas sporadic, isolated cases may occur all the year round, becaust vectors may be 
active, and hence active viral transmission may ocrnr throughout the year. This situation may also 
make the recognition of the disease difficult. 
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The biting midge ('uiicoide:: l;n !'l;arsis is th< insect from whidi Alrnbane vim:-:. i1a2 been 
isolated in Australia. There was a govd correlation between the presence c•i antibodies ro Akabane 
vims in cattle and the distribution of C. brevitarsi:, i;1 Australia. The development of Ab.bane an· 
ti bodies in cattle coincid~,d with the wht"1 C. brn itarsis \Vas detected. These findings 
suggest that C. brevitar:sis may indeed be the principal vector of Akabane vii us in Australia. 
although there were some data suggestive of the presence of other vectors as well. C. bre11itarsis 
feeds not only on c2ttie but also on sheep and ho,ses, and antibodies to Akabane virus were found in 
these animal species, giving further support to the theory that C. brevitarsis is the principal vector. 
The failure to demonstrate Aka bane antibodies in chickem;, ducks, ,vallabies and rmi.n may be due 
r.o the failure of the suspected vector C. f;:,·evitarsis to attack them or t<, the failure of Akabane virus 
;o multiply in these species 

J n the far no:'thern part of Australia C. brcvztar.c,s adults are acfr:e throughout the year, and 
Akabane virus seems likely to survive in transrnissiou cycles iuvolving catde, sheep and horses as 
vertebrate hosts, and C bre1'itarsis as vector. The breeding (in cow dung) and feeding habits 
(restricted to cattle, sheep and horses) of the vector make th;s survivctl cycle more likely. However, 
in southern Australia there is little, if any, activity of C. brevitarsis in the winter. This situation 
precludes continuous ;ictive transmission of AkabaIJe virus and therefore investigations are 
required to explam the apparent endemicity of the virus through winter. Several possibilities may 
be considered. One may assume either that Akabane virus does not remain there through winter, or 
that the virus persists there through winter. tJrider the former assumption, the apparent endemicity 
may be explained by assuming repetitive annual arrival of infected vertebrate or arthropod hosts 
traveling from truly endemic far northern areas just prior to or at the same time as conditions 
favoring active transmission. Under the second assumption, there may be several possibilities, for 
instance, the overwintering survival of the virus in arthropod hosts including C. brevitarsis or in 
vertebrate hosts which can serve as a long-term reservoir. 

The hypothesis, that C. brevitarsis is the principal v•~ctor of Akabane virus, has been put for
ward on the basis of epidemiological findings. lt then becomes necessary to verify the hypothesis by 
the experimental demonstration of the multiplication of Aka bane vims in C. brevitarsis and the virus 
transmission by feeding infected midges on susceptible animals. 

Akabane virus has been isolated from Aedes ve:wns and Culex fritaeniorhynchus mosquitoes in 
Japan and from A nophelesfunestus mosquitoes in Kenya. In Japan the geographical distribution and 
seasonal occurrence of the disease as well as active viral transmission in the summer suggests the 
presence of vectors. However, information on the vectors is lacking and the mechanism of trans
mission and survival of Akabane virus in nature awaits elucidation. These problems should also be 
investigated in the other countries where Aka bane virus has been identified so far. 

a Epidemic and endemic behavior 
The outstanding epidemiological features of Akabane disease are the seasonal occurrence and 

the geographical distribution. The 1972 • 1973 outbreak in Japan was mostly limited to K311shu, 
Chugoku, Shikoku and Kanto districts, and dairy and beef cattle were affected likewise. Prevalence 
of abortions was first recognized in southern Kyushu in August, somewhat later in Chugoku and 
Shikoku districts, and in southern Kanto areas in September. The monthly number of reported 
cases of abortions and premature births increased rapidly in August and September of 1972, 
reached a peak in October, and then gradually declined, while the monthly number of AH syndrome 
cases showed a gradual increase in the early months of the outbreak and a sharp rise in December, 
reaching a peak in Januarf 1973. Stillbirths showed a gradual increase and decline with a peak in 
January 1973. The outbreak subsided in May 197:3. 
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In the 1974 uutbre0.k 11t _:\kahane disea~e in :\~'\.\' 3(,:~~h \Vt.1k,::--. 
perforc1ed field observations un the clinical entitle:-;, d:t:::r ti1ne n{ 
incidence in an atten1pt to define ar~ e;Jidernioiug1ca} partfrn. ')'he u 
covered different tir1.1c: ~;.:pans in the~ epidernic, the 1Jrder of appear;:r:1: 
arthrogryposis. hydranent~ephaly and 1nicrncephaJy 'T'hc pr:)hable p .. 
\vell vvith the likely prese:1ce of (~. fircritar,.,,·:~) in the c?piden:dt' an:-::L 

distribution uf c:. breuitar,f~ in rr1c• period. t ~: t !Tl' 

ditions enable a rnovernent ui 1:-1r1.1s--intec~ed l:. bn_-:ril{.a:-;Ls frorn an e~--;:-::_,_,, 
areas) vvhere insects feed on ~usceptihit:. pregnant ani:11als, ··rtH:' possfr);~\i ',' 
1nove \Vith the 1.:vir.d is worth considt:ring as a \,\ .. inc_ih:..:rne spre;1d \·r~i::: 

,i\frican horse sickness, and bnvine epherneral fever. .A srna!l pet\:,t__~ntc..j;,t~ 
the endernic area. northern 1\ustralia_ \Vt·re found !":Ot tu posses~1 an: tL,~v,l~ ... :~~. 

sporadic and isolated cases ;:vhich \Vt~rr.~ obsetTcd in this ::ire a. J n suppc: i.. of {!Ji~ ---:i::::'i:'1;, 11 rd 1bcKLt~:·. tc, 
r\kabane virus have been shov,,.n to dc\.-tlop in ca~t1e ie nord1ern :\u~trcE;.: t1,::. v-:··?r 

'The epiden1iological pattern of .A.kabane dise<1,sc in Japanr·se cattit:. a~ tiiSCL.~SSE'(1 -1::.a1Ltt~L 

a1so be exp!ai1~ed by the geograph1cai and cli!natic distribution of the ver:rt>r. l-krv_,.e•/~·-r1 ~1::: chscus J-:.~d 
in the preceding section. the problen1 o~.' the \1 ectur in Japan has not yet been s,;}vt'.1, 

ln the Japanese outbreaks oi 1972 - 19'?4 rhe disease \vas first sho\YD to be c~n.it;e(i Li:v .\kabane 
viru~. Sirnilar CHH:breaks had also been recorded in 1949 - 19.30, 19[)9 1960 ~lnd 1 ~H)f3 1n Japan. 
Those outbreaks resen,blecl the 1972 197 4 outbreaks in their 
pathological features, sugge~ting the san1e etiu1ogy. Serdlogica1 evid(""n.r.~e \,V.8.::~ nb;·ajrH:d Xor a '.':.c:dt:' 
dissernination of i\kabane virus in the 1966 sutnn:1er in J(agoshima Prefecture rhnL v.;;1s affected 
the 1966 outbreak. Repe·ateci i1crnrrence of sirnilar outbreaks has also b1~:'t~u rf:corded in \us1raJia. 

,i Control and preYention 
There are two n1ain approaches lO the control of Akabane disease. Oue 1s aimed m the vector 

and the other at prc1tenio·1 I)! individual animals by vacciriation. The torrnei :nethod ,,K;udPs the 
elimination or modification of breeding sites or the direct attack on th,: adu:t arthropods bv m;e c,f 
insecticidal substance,, or other means, and the avoidance of exposure to vector bites screen;ng 
of houses or by use of in6ect :-epe1lent substances. 'These vector contru,! tr1,ea:,;dr(~s ~;cf!TJ in11)ractica.l 
at rhe present time, and the knowledge concerning the vector is stiil i;ffgeiy inadequart' in m;mv 
countries. Therefore, vaccination becomes the chief means of control. 

A formalin-inactivated, aluminium phosphate gel-adsorbed vacci.ne i•a~ bt·en developed with 
Akabane virus propagated in hamster lung cell cultures. The vaccine prod> .. tco:·d neutraiizing an
tibodies to Akabane virus by intramuscular inoculation in cattle as well as g,x,t::, guinea pigs anct 
mice. High-titered antibodies were produced in nearly all the cattle inoculc,ted with two doses of rhe 
vaccine given at 4-week intervals. The antibody levels thus attained declined rather rapidly in 
several months, hence a booster dose given one vear later induced a rapid antibody response. The 
,·accination prevented the development of viremia and infection of the frtus in ca]vps and pregnant 
goats challenged with virulent Akahane virus. The vaccination exerted little side eiten:•' i.i cattle. 
C O\YS vaccinated during pregnancy gave birth to healthy full-term calve". All tl1ese tindings incEcate 
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cvll CHitun;s, --r1:e =-~Crain did itC:\ 1nouct-" pyre:\ 
p: 1F\~l1. t 7 CT r1c:::.utrallz1ng ,L. ~ ~Vue.LC . .-:, \Y hen ino(u1ated int,_• ca 1 v·e;-: ;·n: 
tracc•rt.l>ral. irnravenuus f,r ~t:hcutancous: ;·outc. Nc1 \1i111s \\'a~, recti\ 

Discussion 
Snn,vdon .. \\F,. (_t\ustr<ilia): \.Vould you like 10 spe(ulatt-' un the 

1\kabane virus in Japan? 
/lns\\~t.~r; In Jap~u1~ tht·· viru~ \~;as criginal1y isolated 1Tnn1 

harboured by n1idges as in Aust raiia. 
Snowdon, \\7, (Aus1 ,·ali;'tl C umn;ent: l;; 

incrirnin.ated in tetal dr.~·£21.::s in cattll'. 
()ya~ :-\ ~ {Japan) Connnent: I believe rl-:aL it i;::; \'t:ry irnpurtanr t·· 

Sno"1don. \\1-~ (A.ustr:dia): \Vhat is the critii_~a: stage of geslatitiLr 
\.viH result in fetuses affected \vith arthrogTyposis and/or hydranencer•L_a 

Answer: ln our experir:,·ms. bovine fetuses h':os than 3 months of 
develop c:ongenital arthrogryposis and:or by\1r,1:1encephaiy, 

Sno,vdon:- \\' ~ (Austra1i~t) Conunent: In sheep the rnost crit.h ,.)1.1 10 ,;/J ,Jc_ .. ;f 
gestation. tinder experirnental conditious, sheep ,are n1ore sensitive Lo , l1t:' "l/1r~.1;; Lh::n1 c·tdt!r~. L,' :1,:i:-:i' 
field conditions, it is 1nure pre\.-.1lent in cattle as a disease entity as C b1-ez~ztnJ,)is ,,ppt:.ars t:z> _·."r:~1~-;· 

cattle and horst's to sheep. 
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