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ABSTRACT

Du ring the first two weeks of March 2004, 80 car ri on crows (Cor vus co ro ne) were found dead in a park in

Brus sels (Bel gi um). At ne crop sy, sple no me ga ly, he morrha gic en te ri tis with du o de num le si ons and ce re bral or

me ning e al he morrha ges were ob ser ved re mi nis cent of West Nile vi rus in fec ti on. By real-time (RT)-PCR (re ver se

trans crip ti on po ly me ra se chain re ac ti on), no am pli fi ca ti on of the West Nile dis e a se vi rus-spe ci fic 3’UTR RNA

se quen ce was ob ser ved, whi le vi ral iso la ti on from brain ho mo ge na te was also ne ga ti ve. Toxi co lo gi cal exa mi na ti on

re ve a led no tox ins. Tran smis si on elec tron mi cros co py de mon stra ted in tra cy to plas mic, re o vi rus-like par ti cles in

ul tra-thin sec ti ons of the spleen and du o de num. Pro li fe ra ti on of the se vi ri ons in cul tu red chic ken em bry o nic he pa to -

cy tes was evi den ced by their cy to pa tho ge nic ef fect and their pre sen ce in in fec ted cells and their su per na tant.

SAMENVATTING

Tij dens de eer ste twee we ken van maart 2004 wer den er 80 zwar te kraai en (Cor vus co ro ne) dood aang e trof fen in een 

park in Brus sel (Bel gië). Bij de lijk schou wing wer den sple no me ga lie, he mor ra gi sche en te ri tis met du o de num let stels en 

ce re bra le of me ning e a le bloe ding en waar ge no men die de den denk en aan West Nile vi ru sin fec tie. Met re al ti mePCR (re al -

time om ge keer de trans crip tie po ly me ra se ket ting re ac tie) werd geen am pli fi ca tie van de West Nile vi rus spe ci fie ke

3’UTR RNA-se quen tie waar ge no men ter wijl ook de vi ru si so la tie van ge ho mo ge ni seer de her se nen ne ga tief was. Toxi -

co lo gisch on der zoek toon de geen toxi nen aan. Tran smis sie-elek tro nen mi cros co pie toon de in tra cy to plas ma ti sche, re o -

vi rus acht i ge par ti kels aan in ul tra dun ne sec ties van de milt en het du o de num. De ver meer de ring van dit vi rus in cul tu ren 

van em bry o nai re he pa to cy ten van de kip werd be we zen op ba sis van hun cy to pa tho geen ef fect en hun aan we zig heid in

ge ïnfecteerde cel len en hun su per na tans.

IN TRO DUC TION
 

The out breaks of West Nile Vi rus (WNV) in Ro ma nia, 

Ita ly and Fran ce (Zel ler & Schuf fe nec ker, 2004) and of

Usu tu Vi rus (USUV) in Aus tria (Weis senböck et al.

2002) com pel us to re main vi gi lant for arthro pod-bor ne

vi ral dis e a ses in Wes tern Eu ro pe, out si de their ty pi cal geo -

grap hic and cli ma to lo gi cal ha bi tat. Infec ti ons of most

wild bird spe cies are pro ba bly asymp to ma tic: in Fran ce,

ca ses in hu mans and hor ses were not as so ci a ted with any

ab nor mal mor ta li ties of wild birds. A re cent se ro lo gi cal

sur vey in the Uni ted King dom evi den ced the pre sen ce of

WNV, USUV and Sind bis vi rus in the wild bird po pu la ti on

wit hout any signs of dis e a se or mor ta li ty (Buc kley et al.

2003). In cert ain spe cies, ho we ver, out breaks of dis e a se

have been re cor ded: in Aus tria, the emer gen ce of USUV

was as so ci a ted with high mor ta li ties in the black bird po -

pu la ti on (Tur dus me ru la), whe re as in the USA, the Ame -

ri can crow (Cor vus brachyr hyn chos) is con si de red an in -

di ca tor spe cies for WNV be cau se it is highly sen si ti ve to

this vi rus. Its de ath rate has been shown to be in stru men -

tal in fol lo wing the epi de mic and the epi zoot ic spre ad of

the vi rus across the North Ame ri can con ti nent (Ya re -

mych et al. 2004). For sur veil lan ce of WNV in the nor th -

e as tern US, the dead crows have ser ved as “neon need les
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in a hays tack”–  in di ca tors of vi ral ac ti vi ty that call at ten -

ti on to them sel ves. The sur veil lan ce fac tor most clo se ly

as so ci a ted with the num ber of hu man ca ses was the dead

crow den si ty (Eid son, 2001). For this re a son, a sud den

epi so de of mul tiple mor ta li ties of car ri on crows in a fre -

quent ly vi si ted pu blic park in the cen tre of a city like

Brus sels (Bel gi um) im me di a te ly rai sed pu blic he alth

con cerns, and all the more so be cau se the ob ser ved patho -

lo gi cal fin dings were con sis tent with the dis e a se cau sed by 

WNV (WND) in avi an spe cies. Con tra-in di ca ti ons were

that WNV is not en de mic in Bel gi um, and the fact that the 

cli ma to lo gi cal con di ti ons of frost and some snow du ring

the pe ri od of the crow mor ta li ties re du ce the num bers of

arthro pod car riers of ar bo vi ru ses, in clu ding WNV. Ho w -

e ver, af ter the ini ti al North Ame ri can out break in 1999,

WNV over win te red in New York, with mid-win ter in fec -

ti ons dis co ve red in hi ber na ting mos quit oes (Nas ci et al.

2001) and in a fresh car cass of a red-tai led hawk (Bu teo

ja mai cen sis; Gar men dia et al., 2000). 

The pre sent case il lu stra tes how the gi ven si tu a ti on

could be hand led ef fi cient ly by com bi ning a very spe ci fic 

nu cleic acid am pli fi ca ti on test – to ob tain a ne ga ti ve di ag -

no sis for WND - with the non-di rec ted ap pro ach of di a g -

nos tic elec tron mi cros co py that in di ca ted the pro ba ble

eti o lo gi cal agent. 

CASE RE PORT

Du ring the first two weeks of March 2004, a to tal of 80 

car ri on crows (Cor vus co ro ne) were found dead in a pu -

blic park in the cen tre of Brus sels (Bel gi um; 50°52’N,

4°22’E). Two ti mes, five of the se birds were sub mit ted to

the Ve te ri na ry and Agroche mi cal Re se arch Cen tre (Brus -

sels, Bel gi um) for fur ther exa mi na ti on. At ne crop sy all

exa mi ned crows de mon stra ted sple no me ga ly, 60% of the 

birds sho wed he morrha gic en te ri tis, par ti cu lar ly at the le -

vel of the du o de num, and 50% of the birds de mon stra ted

ce re bral or me ning e al he morrha ges. 

Brain’s ho mo ge na te ex tracts from 5 crows were in -

ves ti ga ted for WNV using a real-time RT-PCR spe ci fic

for the 3’UTR non-co ding RNA se quen ce of li ne a ge 1 of

WNV as des cri bed by Lan ci ot ti et al. (2000). No spe ci fic

am pli fi ca ti on oc cur red whi le vi rus iso la ti on was also ne -

ga ti ve. Toxi co lo gi cal exa mi na ti on for he a vy me tals and

pes ti ci des in the Cen tre d’Informations Vétéri nai res en

Phar ma co-Toxi co lo gie (Uni ver si ty of Liège, Bel gi um)

re ve a led no spe ci fic tox ins.

Spe ci fic pa tho gen-free (SPF) em bry o na ted eggs were

in ocu la ted with spleen ex tracts by al lan toic and yolk sac

in jec ti on fol lo wing cur rent me thods. The yolk sac in ocu -

la ti on kil led the em bry os and Chla my dop hi la psit ta ci

was iso la ted, whi le no eti o lo gi cal agent was ob ser ved in

the al lan toic fluid by di rect ne ga ti ve stai ning with ura nyl

ace ta te and trans mis si on elec tron microscopy (TEM). 

Repre sen ta ti ve parts from six spleen and three du o de -

num sam ples were pre ser ved in a ca co dy la te buf fer (pH 7.2) 

con tai ning 2.5% glu ta ral de hy de and 2% pa ra for mal de hy de

and pro ces sed for rou ti ne em bed ding in epoxi de re sin and

trans mis si on elec tron mi cros co py (TEM) as des cri bed by

Kim pe et al. (2003). The avai la ble tis su es al re a dy sho wed

strong signs of de com po si ti on so that ini ti al ly, stand ard

his top atho lo gi cal exa mi na ti on was not en vi sa ged. By

TEM, groups of a few in tra cy to plas mic par ti cles were

ob ser ved in ul tra-thin epoxi de sec ti ons of the spleen of

two of six af fec ted birds and se ver al groups of lar ge num -

bers of iden ti cal par ti cles in sec ti ons of two out of three

du o de num sam ples (Fi gu re 1). The ob ser ved par ti cles

had the size and morp ho lo gi cal cha rac te ris tics of re o vi -

ru ses: they were not en ve lo ped, had an iso me tric, round

ap pe a ran ce and com pri sed a core and an ou ter cap sid. This

cap sid shell was com po sed of two lay ers, had a re gu lar

sur fa ce struc tu re and was ap proxi ma te ly 75 nm in di a me ter.

To iso la te the vi rus, chic ken em bry o nic he pa to cy tes

were in ocu la ted with spleen and brain ho mo ge na tes of

one bird, as des cri bed by De caes stec ker et al. (1986).

Pro li fe ra ti on of vi rus from the spleen ex tract was evi den -

ced by its cy to pa tho ge nic ef fect and by the pre sen ce of

iden ti cal re o vi rus-like par ti cles in the cy to plasm of in fec -

ted cells (Fi gu re 2) and in the su per na tant (Fi gu re 3).

When 3-week-old spe ci fic pa tho gen-free chicks held in

iso la ti on units were in ocu la ted with this cell cul tu re-pro -

du ced re o vi rus, no cli ni cal signs of in fec ti on were ob ser -

ved, indicating host specificity.

DIS CUS SION

The ob ser va ti on of a sud den mor ta li ty of car ri on

crows that sho wed very si mi lar pa tho lo gi cal fin dings as

ob ser ved by Stee le et al. (2000) in ca ses of avi an WNV

in fec ti on, com pel led re search ers to in sti tu te a WND- spe -

ci fic di a gnos tic. The se tests were ne ga ti ve, but a Chla -

my dop hi la psit tac ci was iso la ted by in ocu la ti on of the

yolk of em bry o na ted chic ken eggs. C. psit ta ci can have

play ed a role in the pa tho ge ne sis of the dis e a se in the

crows. Ho we ver, be cau se a sig ni fi cant pro por ti on of wild 

birds are sub cli ni cal car riers of C. psit ta ci (Olsen et al.

1998) and be cau se Chla my dop hi la spp. have a wide host

range (Ka le ta and Ta day, 2003) whi le no ot her bird spe -

cies see med to be af fec ted, it can be as su med that C. psit -

ta ci was not the primary or only etiological agent.

The de mon stra ti on and iso la ti on of a re o vi rus-like

agent by elec tron mi cros co py does not ne ces sa ri ly im ply
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that this par ti cu lar agent is the eti o lo gi cal agent of the dis -

e a se.  Among re o vi rus strains, a range of vi ru len ce exists, 

from highly vi ru lent to vir tu al ly harm less (Jo nes, 2002).

Be cau se in the field no ot her avi an spe cies see med to be

af fec ted and be cau se ex pe ri men tal ly in fec ted SPF chic -

kens did not show clinical signs –  a fact in di ca ting a li mi -

ted host range –, in fec ti on tri als of the host spe cies re main 

to be done to for mal ly pro ve its im por tan ce as a crow pa -

tho gen. This ex pe ri ment would be dif fi cult to re a li ze sin -

ce spe ci fic pa tho gen free crows, or crows that are (sero)-

 ne ga ti ve for the yet un cha rac te ri zed agent, are dif fi cult to

ob tain.The fol lo wing ar gu ments lend sup port, ho we ver,

to the as sump ti on that in this case the re o vi rus-like agent

is at le ast as so ci a ted with the dis e a se: (i) high num bers of

vi ri ons were found in the en lar ged spleen and at the si tes

of he morrha gic du o de nal le si ons in mul tiple birds by the

re la ti ve ly in sen si ti ve tech ni que of TEM; (ii) the fin ding

of vi ri ons in the spleen sug gests a sys te mic in fec ti on; (iii)

iden ti cal pa tho lo gi cal le si ons were ob ser ved in vi ru lent

chic ken re o vi rus strains (van Loon et al. 2001) causing

high morbidity and mortality.

One can only spe cu la te con cer ning the ori gin of the

ob ser ved re o vi rus-like agent. Plau si bly, the vi rus is en de -

mic to the Bel gi an crow po pu la ti on and out breaks go for

the most part un no ti ced. This hy po the sis is sup por ted by

the fin ding that also in Ame ri can crow po pu la ti ons a de -

ad ly re o vi rus is pre sent: some dead Ame ri can crows

(Cor vus brachyr hyn chos) col lec ted in WND mo ni to -

ring ef forts were di ag no sed with a re o vi rus which was as -

su med to have con tri bu ted to po pu la ti on change in crows

in 2003 in Se att le. Inde pen dent ly, sur veil lan ce un re la ted

to WNV re ve a led an unu su al ly high mor ta li ty among

Ame ri can Crows in Sno ho mish, King, Pier ce, and Thur ston

coun ties cau sed by a pre vi ous ly uni den ti fied re o vi rus- like or -

ga nism (Was hing ton Sta te De part ment of He alth, 2004).

A se cond pos si bi li ty is that the vi rus ori gi na tes from

anot her bird spe cies and cros ses the spe cies bar rier. In

this per spec ti ve, the ob ser va ti on might be re le vant that in

the spring of 2004 a re o vi rus-like agent de ci ma ted the

free-li ving ring-nec ked pa ra keet (Psit ta cu la kra me ri) po -

pu la ti ons in the Uni ted King dom (Ano ny mus, 2004),

whi le in the Brus sels park whe re the crow mor ta li ty oc -

cur red, crows and free-li ving pa ra keets are in clo se con -

tact be cau se they sha re the same fee ding pla ces. It should

be stres sed, ho we ver, that no mor ta li ty was re cor ded in

the Belgian parakeet population.

In con clu si on, the re cent in tro duc ti on of WND in New 

York fol lo wed by ra pid dis se mi na ti on over the Uni ted

Sta tes and the re ap pe a ran ce of WNV in the south of Fran ce 

in 2000 af ter 35 ye ars of ab sen ce (Mur gue et al. 2001)

com pel us to im pro ve mo ni to ring of the field si tu a ti on.
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Fi gu re 2 . Mi cro graph of the cy to plasm of cul tu red chic ken
he pa to cy tes in ocu la ted with spleen ex tract. The in fec ted
cells show pro li fe ra ti on of iden ti cal vi ri ons as ob ser ved
in the spleen and du o de num of dead crows. Bar 200 nm.

Fi gu re 3. Mi cro graph of par ti cles in the su per na te of
chic ken he pa to cy tes in ocu la ted with spleen ex tract af -
ter pa ra for mal de hy de fixa ti on and di rect ne ga ti ve
stai ning with 2% ura nyl ace ta te. The par ti cles have
the size and morp ho lo gi cal cha rac te ris tics of vi ri ons of
a re o vi rus. Bar 200 nm.

Fi gu re 1. Mi cro graph de mon stra ting re o vi rus-like vi ri ons
in ul tra-thin sec ti ons of the du o de num of an af fec ted
crow. Bar 200 nm.



Wit hout ‘accessory knowledge’, a cor rect dif fe ren ti al di ag -

nosis be co mes im pos si ble, and so-cal led ‘red herrings’ -

like the de tec ti on of C. psit ta ci in this exam ple - will ob -

scu re a cor rect di ag no sis of a pos si bly le thal in fec ti ous

agent.  The de tec ti on of re o vi rus in crows and its fur ther

cha rac te ri za ti on in cre a ses the know led ge of the spe ci fic

pa tho gens of crows and may im pro ve the use of cor vids

as in di ca tor spe cies for WNV in fec ti on.
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