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ABSTRAC1’: The ability of native Swedish birds to produce and maintain production of Ockelbo
vinis neutralizing (Nt) antibodies were evaluated experinientally hetsveen 6 June 1990 and 27

J imly 1991. After experimental infection of 57 birds of the orders Anserifornies aii(l Passeriformes

with Ockelbo V1I115, these birds were examined for Ockelbo virus Nt antibo(lies at 5 (layS, and at
1, 3, 6, 9, and 12 mO after inoculation. One month after inoculation, Nt antibodies were immore

prevalent in birds with a detectal)le viremia (100%, n 22) than in non-viremic birds (65%,

= 26). The Nt antibody prevalence varied over time among ta.xa; detectable antil)odies occurred

earlier after inoculation and for a longer time in Anseriformes than in Passeriformes. B� 5 days

after inoculation, antibodies COiil(l be detected in 22 (71%) of 31 Anseriformes biut in none of 16

pa.sserifornmes. However, at 1 mo the antibody prevalences at 1 mo were similar: 84% among time

Anseriformes and 73% among the Passeriformes; at 3 mo the prevalences were 50% in Anseri-

formes and 15% in Passeriformes. Forty-two percent of the Anseriformes had detectable anti-

bodies even 12 mo after inoculation.

Key words: Ockelbo virus, Sindbis virus, Aiphavirus, neutralizing antibodies, imuimuune re-

sponse, l)irds, Anseriformes, Passeriformes.

INTRODUCTiON

Ockelbo VlI11S, t north European Sill)-

ty� e of Sindbis virus (Togaviridae: Alp/ia-

vinis) ( Limndstroni et al., I 993a), is a mnos-

(l1iit�-l)�rnie arbovirus infecting I)irds of

the orders Passeri form ties, Columbiformes

( Francy et al., 1989), Anseriformes, and

Galliformes (Lundstroni et a!., �992). The

virus also infects humans causing Ockelbo

disease with arthralgia, rash, and some-

times fever (Skogh and Espmark, 1982).

Surveys for alphavirus infections in birds

often are based on detection of specific an-

til)odies. However, alphaviruses induced a

weak and sometimes transient antibody re-

SIX)flSC especially in pa.sserifornns ill

studies (McIntosh et al. 1969a; Main et a!.,

1988), but produced long lasting antibod-

ies in other studies (Dalrymple et a!.,

1972). Differences in alphavirus antibody

response among bird taxa may therefore

influence the results of serological surveys

of wild free ranging birds.

Our objective was to evaluate the in-

duction and longevity of Ockelbo virus

neutralizing (Nt) antibodies in native

Swedish birds. Captive anseriforms, galli-

forms and passeriforms were exanune(l for

these antil)odies during I yr after imiocim-

lation with virus.

MATERIALS AND METHODS

The second cell passage of the Ockelbo virus

(strain Edsl��n 82/5) was used in this study
(Nikiasson et al., 1984). Vero cells (American

Type Culture Collection, Rockville, Maryland,

USA) were used for passage of virus as well as

for the assay of Ockelbo Nt antiho(lies. Virus

Nt antibodies were deterunined I)y plaque-re-

duction neutralization test in 24-�vell cell cuil-
ture plates with 2 cm2 per well (Costar, Cani-

bridge, Massachusetts, USA) using heat-macti-

vated (56 C, 30 mm) whole 1)100(1 saimiples

(Earley et al., 1967). Diluted 1)100(1 samples

were tested in serial four-fold dilutions, starting

at 1:20 (sample diluted 1:10 and mixed with
equal volume of virus solution), two �vells per

dilution, against 30 to 80 plaquw forming units

(PFU) of virus per well. After 1 hr incubation

at 37 C, the blood-virus mixture was inocuilated

onto the confluent cell nmonolayers. Following
1 hr adsorption at 37 C in an atmosphere with

5% CO,, the first agar overlay was added. Fol-

lowing a further 24 hr incubation, the secon(l

agar overlay with neutral red stain was added,

and the plaques were counted at 45 hr. The Nt
antil)o(ly titer was expressed as the reciprocal

dilution giving �80% reduction in plaqule nuim-
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TABLE 1. Prevalence of Ockelbo virus-neutralizing antibodies in birds one month after experimental infec-

tion, in relation to immune status prior to inoculation of virus and viremia status after infection.

Common and scientific name

Non�immunea Immune

viremia positiveb viremia negative viremia negative

Canada goose (Branta canadensis)

Bean goose (Anserfabalis)

Mallard (Arias plathyrhynchos)
Goldeneye (Bucephalus clangula)

Subtotal Anseriformes

100 (2)c

NT

100 (7)

100 (5)

100 (14)

80 (5)

100 (1)

60 (10)

100 (1)

71(17)

100 (1)

100 (1)

NT

NT

100 (2)

Capercaillie (Tetrao urogallus)

Subtotal Galliformes

100 (2)

100 (2)

NT

NT

NT

NT

European blackbird (Turdus rnerula)

Fieldfare (Turdus pilaris)

Great lit (Panis niajor)

House sparrow (Passer donz.esticus)

Chaffinch (Fringilla coelebs)

Greenfinch (Carduelis chioris)

Yellowhammer (Emberiza citrinella)

Subtotal Passeriformes

NT

NT

NT

100 (1)

NT

100 (5)

NT

100 (6)

NT

NT

100 (2)

ND (1)

NT

ND (1)

60 (5)

56 (9)

100 (1)

100 (2)

NT

NT

100 (1)

100 (3)

NT

100 (7)

Grand total 100 (22) 65 (26) 100 (9)

Pre-inoculation blood was tested for Ockelbo virus neutralizing antibodies in a plaque-reduction neutralization test that

could detect antibody titers �1:20.

h Blood samples from days 1 to 5 after inoculation of virus were tested for Ockelbo viremia in a plaque-test that could detect

infective virus at a concentration �100 PFU/mI.
Percent antibody prevalence (number of birds tested); NT = not tested; ND = not detected.

hers as compared to the average counts of con-

trol wells.
Fifty-seven birds of 12 species were included

in the study (Table 1). The bird species were
selected based either on the natural occurrence
of Ocke!bo virus neutralizing antibodies (cap-
ercaillie, Tetrao urogallus; Canada goose, Bran-

ta canadensis; bean goose, Anserfabalis; field-

fare, Turdus pilaris; house sparrow, Passer do-
7TIestiCUS; chaffinch, Fringilla coelebs; and yel-
lowhammer, Em.beriza cintrinella), absence of
these antibodies although several birds have
been tested (mallard, Ana.s plathyrhynchos;

great tit, Parus major) (Francy et al., 1989;
Lundstr#{246}m et al., 1992), or that the species

(goldeneye, Bucephalus clan gula; European
blackbird, Turdus merula; greenfinch, Carduel-

is chloris) occurred in central Sweden (Bruun
et al., 1986). All birds originated from or near
the Boda Wildlife Research Station (Boda)
(61#{176}32’N, 17#{176}52’E), situated within the Ocke!-
ho disease enzootic area in central Sweden
(Lundstr#{246}m et al., 1991). Anseriforms and gal-
liforms were from a stock of indigenous Swed-

ish birds hatched in captivity at Boda, whereas

passeriforms were captured from wild bird

populations in the Boda area. All birds were
held in a mosquito-proof aviary for 3 wk after
inoculation with virus, to prevent accidental vi-
ral transmission during the viremic period. The

primaries on the right wing of anseriforms

(Canada goose, bean goose, mallard, and gold-
eneye) were cut to prevent escape and these
birds then were held together in a dam sur-

rounded by a fence. The capercail!ies were
held in an outdoor cage. The passeriforms (Eu-
ropean blackbird, fie!dfare, great lit, house

sparrow, chaffinch, greenfinch, and yellowham-
mer) were held in an indoor aviary. The exper-
iment was started 6 June 1990, when pre-in-
oculation blood samples were taken, and was
terminated 27 July 1991, when blood samples
were obtained from the remaining birds.

Birds were inoculated subcutaneously with
io�#{149}�plaque-forming units (PFU) of Ockelbo
virus 1 to 4 days after arrival at the aviary. Se-
quential blood samples were taken daily for the
first 5 days and then at 1, 3, 6, 9, and 12 mo

after inoculation. Specimens collected at arrival
and on days 1 to 5 after inoculation were tested

for viremia by plaque assay (Lundstr#{246}m et a!.,
1993b). Up to 49 birds per day (Fig. 1) were
tested during the six sampling periods for se-
rology (at day 5, and at 1, 3, 6, 9 and 12 mo),

but only 26 anseriforms, one galliform, and
three passeriforms were followed during the
entire 12-mo period. Blood samples (0.1 ml)
were diluted in 0.9 ml of Hanks’ balanced salt
solution (Sigma Chemical Co., St. Louis, Mis-
souri, USA) supplemented with 10% heat-in-
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activated fetal bovine serum, penicillin 100
units/ml and streptomycin 100 p.g/ml (Sigma

Chemical Co.), and Hepes buffer (Sigma
Chemical Co.). Diluted blood samples were

held at approximately 18 C for less than 3 hr

and then stored at -20 C until tested. The off-
spring from experimentally infected mallards

were bled the day after hatching for detection

of passively-acquired Nt antibodies.

Differences in Nt antibody prevalence be-

tween bird groups were evaluated by the Fish-

er exact probability test for 2 X 2 tables (Siegel
and Castellan, 1989).

RESULTS

One bean goose, one Canada goose, one

European blackbird, two fieldfares, one

chaffinch, and three greenfinches had de-

tectable Ockelbo virus Nt antibodies prior

to virus inoculation (Table 1). No signifi-

cant rises in titer were recorded in any of

these nine birds. Due to prior Ockelbo vi-

rus infection, they were excluded from fur-

tiler analysis.

All birds with a detectable Ockelbo vi-

remia of �100 PFU (the lower limit for

the plaque assay) within 5 days post inoc-

ulation developed detectable Nt antibod-

ies 4 wk later, whereas 12 of 17 anseri-

forms and five of nine passeriforms with-

out detectable viremia seroconverted at 1

mo (Table 1). The antibody prevalence was

significantly (P 0.002) higher in birds

that produced a viremia than in those

without detectable viremia.

Ockelbo virus Nt antibodies occurred

significantly (P < 0.0001) earlier in

iforms than in passeriforms. Five days af-

ter inoculation, 22 of 31 anseriforms but

none of the 16 passeriforms had detect-

able antibodies.

Eleven (69%) of 16 anseriforms with

detectable Nt antibodies to Ockelbo virus

at 1 mo post-inoculation, and tested at 12

mo, maintained detectable antibodies for

the whole study period (Fig. 1). In con-

trast, the antibody prevalence in passeri-

forms decreased from 11(73%) of 15 birds

at 1 mo to two (15%) of 13 birds at 3 mo

after inoculation. Thus, one greenfinch

and one ye!lowhammer with Ockelbo virus

Nt antibodies at 1 mo maintained signifi-

cant antibody titers for another 2 mo,

while one house sparrow, three green-

finches, and two yellowhammers reverted

from seropositive to negative.

One of nine newly hatched mallards

contained Nt antibodies 1 day after hatch-

ing; thus these were maternal antibodies.

The efficiency of transfer of maternal an-

tibodies could not be determined because

the eggs were not from identified females.

DISCUSSION

The best single indicator of active par-

ticipation of a vertebrate species in an ar-

bovirus transmission cycle is frequent iso-

!ation of virus from free-ranging individu-

als (Scott, 1988). Many alphaviruses sd-

dom are recovered from wild vertebrates,

however, because viremias usually are of

brief duration. Consequently, the classifi-

cation of vertebrate species into categories

of varying host potential often is depen-

dent upon the detection of virus-specific

antibodies.

Based on our results, we propose that

interspecific variation in the duration of

detectable Ocke!bo Nt antibodies can

cause variation in the antibody prevalence

among bird taxa. Similarly, McIntosh et al.

(1969a) observed that Nt antibodies to

Sindbis virus were undetectable in six of

10 passeriforms (red bishop, Euplectes

orix) at 12 mo after infection, and in three

of five passeriforms (masked weaver, Plo-

ceus velatus) at 24 mo, while these anti-

bodies were detectable for 12 mo in two

passeriforms (one house sparrow and one

cape sparrow Passer rnelanurus) and for 18

mo in the 11 columbiforms (five Cape

turtle dove, Streptopelia capiola, and six

laughing doves Streptopelia senegalensfs)

tested. A variable duration of Nt antibod-

ies in passeriforms and a generally longer

duration of Nt antibodies in non-passeri-

forms also have been shown for New

World alphaviruses. Main et al. (1988)

demonstrated variability in the duration of

Nt antibodies against eastern equine en-

cephalomyelitis (EEE) and Highlands J
(HJ) viruses in repeatedly sampled free-
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FIGURE 1. Prevalence of ()ckelho virus-neutralizing antibodies and antibody titer distribution in experi-

uumentalh infected l)irds at intervals up to 12 months after infection. For each (lay, the left l)ar indicates

Gallifornues, time middle bar Anseriformes, and the right bar Passeriformes. The number of l)irds tested each

ilav. whieh are COflhl)ifl(�(l figures for vireinic’ and non-vuremic birds, is given at the top of the bars.

ranging North Amiierican passeriforms.

They found that 18 of 22 recaptured and

naturally i ii fected 1)lack-capped chicka-

(lees Pani.s (itflC’(l/)illU.s, lost detectable Nt

dmitil)0(lieS to EEE virus in 1 to 44 wk

( �nean 1 0 \s�k l)etWeeil a 1)ositive an(1 a sub-

sequent SeF( )negative samnl)le) after a

itive samuple, and 11 of 1 6 chickadee’s lost

detectal)le Nt antil)odieS to HJ viflIS in 1

to 48 �vk (mean 18 wk). Reversions from

Nt antibody l)ositive to seronegative

against either EEE or HJ virus after an

ultimate Nt antibody positive sample also

occurred in recaptured grey catbirds (Du-

i,u’tella ca roli mmen .s�is), swamp sparrows

(Melo.cpiza georgiana), and veeries (Catha-

� fu.s.ce.s.cen.s.) while the duration of Nt

antibodies to EEE or 1IJ virus often cx-

ceeded I yr in blue jays (Cyanocitta ens-

t(it(i), and brown thrashers (Toxo.sto,na nif.

tim). Production of western equine en-

cephalomyelitis (WEE) virus Nt antibod-

ies was maintained for 2 yr in nine

naturally immunized domestic sparrows

(Holden et a!., 1973). However, in non-

passeriforms the Nt antibodies to a!phavi-

ruses generally are detectable at least 6 to

12 mo as shown for EEE virus Nt in a

white ibis (Guara alba) (Kiss!ing et al.,

1954a), in a bobwhite quail (Colinus vir-

ginianus) (Dalrymple et a!., 1972), and in

11 whooping cranes (Grus americana)

(Dein et al., 1986); it also was observed for

WEE Nt antibodies in five bobwhite quail

(Dalrymple et a!., 1972) and four domestic

pigeons (Columba livia) (Reisen et a!.,

1992). Obviously, the variable longevity of

alphavirus Nt antibody among bird taxa,

especially in passeriforms could influence

the reliability of results from serological

surveys to determine infection prevalences

in wild bird populations. The short dura-
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tion of Nt antibodies to Sindbis, Ocke!bo,

EEE, HJ, and WEE viruses in some pas-

seriforun species is evidence that n�alive

antibody results in this group of birds

should 1)e interpreted with caution.

Ockelbo Nt antibodies at titers �1:20

were iiot detectable by the present tech-

nique, and therefore birds with a 1:10 titer

of antil)odies would have been considered

antibody negative. Virus Nt antibody at a

titer of 1 : 1 0, however, was reported for

EEE virus in whooping cranes (Dein et

a!., 1986), VEE virus in common egrets

( Casmerodius albus) ( Bowen and McLean,

1977), and for Ockelbo virus in Canada

geese (Lundstr#{246}m et a!., 1992). However,

of 26 Swedish birds with naturally ac-

quired Ockelbo virus Nt antibodies, the II-

ter (listril)ution was 1:10 for one bird, 1:20

for two birds, 1:40 to 1:320 for 21 birds,

and �J:640 for two birds (Lundstr#{246}m et

al., 1992). Thus, Ockelbo virus Nt antibod-

ies at a 1:10 titer occur infrequently in nat-

urally infected free-ranging Swedish birds.

We found that all l)irds producing vire-

mia after experimental Ockelbo virus in-

oculation also produced Nt antibodies de-

tectable at 4 wk after inoculation. Similar-

ly, all domestic fowl (Callus gallus) that

became viremic after inoculation with

EEE virus (Calisher et al., 1986), and all

domestic pigeons that became viremic af-

ter inoculation with WEE virus (Winn et

a!., 1957), produced Nt antibodies detect-

able 1 mo after inoculation. In other ex-

perimental studies the alphavirus Nt anti-

body response in birds were more variable

(McIntosh et al., 1969b; Bowen and Mc-

Lean, 1977), and ranged from 17 to 58%

in passeriforms inoculated with Sindbis or

Venezuelan equine encephalomyelitis

(VEE) viruses, 55% in anseriforms, 90 to

100% in columbiforms inoculated with

Sindbis virus, and 95% in ciconiiforms in-

ocu!ated with VEE virus. The reported

variance in antibody response may have

been caused by failure of non-replicating

virus to induce an immune response that

could he detected by the methods em-

ployed. however, McIntosh et a!. (1969a)

claimed that only one of four masked

weavers that became viremic after inocu-

lation of Sindbis virus produced Nt anti-

bodies detectable 1 mo after infection.

Thus, it appears that in some combinations

of birds and alphaviruses, even a detect-

able viremia may be insufficient to stimu-

late a detectable Nt antibody response.

A high proportion of anseriforms and

passeriforms developed Ockeiho Nt anti-

bodies without a detectable viremnia. The

antibody production may either have rep-

resented an anamnestic immune response

or could have been induced by viruses

replicating at low titers. However, tile cx-

perimental infection did not induce in-

creased production of Ockelbo Nt anti-

bodies in the birds containing detectable

concentration of Nt antibodies. Reisen et

a!. (1992) found an insignificant increase

of Nt antibody titers in pigeons rechallen-

ged with a low dose of WEE virus at 16

wk after the first infection. Further exper-

imental studies are needed to quantify the

anamnestic immune response in birds with

undetectable antibodies.

The occurrence of Ockelbo virus Nt an-

tibodies in a hatchling mallard was not un-

expected. Kissling et al., (1954b) and

Holden et a!., (1973) found that birds

could transfer alphavirus Nt antibodies to

their progeny. Interestingly, nestling house

sparrow progeny from WEE virus immmine

mothers were susceptible to challenge

with the same virus (Holden et al., 1973).

These nestlings produced WEE viremia of

high titer, although they contained WEE

virus Nt antibodies derived from their

mothers.

Lundstr#{246}m et al. (19931)) showed that

experimentally infected passeriforms pro-

duced Ockelbo viremia of higher titer and

longer duration than did similarly infected

anseriforms. Peak mean daily viremia titers

were 10�� to 10� PFU/ml blood in the

passeriforms, and only i0� to 10�� PFU/

ml blood in the anseriforms. In the pres-

ent study, we examined a portion of these

birds for Ockelbo virus Nt antibodies and

observed that none of the passeriforms hut
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BOWEN, C. S., AND R. G. MCLEAN. 1977. Experi-

mental infection of birds with epidemic Vene-

almost all the anseriforms had antibodies

at 5 days after inoculation of virus. The

slower immune response in passeriforms

was correlated positively with prolonged

viremia. Thus, the higher experimental vi-

remia response of passeriforms versus an-

seriforms, could in part 1)e explained by

the significantly slower Nt antibody

sponse in passeriforms.

In conclusion, the rapid and relatively

long lasting Ockelho virus Nt antibody re-

sponse in anseriforms makes detection of

these antibodies relatively reliable markers

of previous infection, whereas the short

duration of Nt antibodies in passeriforms

makes detection of antibodies useful main-

ly for determination of recent virus expo-

sure . Passeriformns without detectable

Ockelbo virus Nt antibodies may either

never have been infected, have been in-

fected a few days ago, or were infected

several months ago; but antibodies were

undetectable by the present technique.

The present results provides additional ev-

idence that passeriforms naturally are in-

fected more frequently with Ockelbo virus

than are anseriforms. The previously

shown high Ocke!ho Nt antibody preva-

lence in passeriforms probably represents

a high frequency of recently acquired in-

fections, whereas the low prevalence in an-

seriforms may represent the accumulated

risk for Ockelbo infections over more than

one season.
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