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the southern parts of Sweden a Borrelia infection transmitted by t.Qe 
tick lxodes ricinus may affect man.. J:n the present study antibodies to 
Borrelia spirochetes were studied in sera, from &8 cows, 68 calves and 
13 lambs from areas in southern Sweden where lxodes ricinus. occurs. 
For comparison, sierologic studies were also performed on 88 coy.rs 
an.d 10 lambs from the northern parts of Sweden. : 

Serum tiiters of > 8() were foU!lld in 14 of the calves and 23 of the 
cows from southern Sweden but in only 1 of the cows from nor.them 
Sweden. In 11 of the lambs from the south a serum titer of > 40 de­
veloped. None of the lambs from the north had a serum titer of > 40. 
The res!Ults indicate that cattle and sheep in certain areas of Sweden 
are exposed to lxodes ricinus-borne Borrelia spirochetes. 

In 9 of the lambs from southern Sweden an endemically occurring 
arthritis had developed. The possibility that this arthritis may be 
caused by BorreHa spkochetes is discussed. 

I x o d e s r i c i n u s; a rt h r i t is. 

Recently discovered Borre1ia spiroohetes, transmitted by 
lxodes (I.) ticks, may cause infection in man. 

In the UnHed States the name Lyme diisease has been coined 
for Ixodes-borne bor:re1iosis, whi1ch may affeet ditfferent organ 
systems (Steere et al. 1977). The name Borrelia burgdorferi ha:s 
been given to the spiroohetes i:nvolved (Johnson et al. 1984). 
This infection can be transmitted by I. dammini and I. pacificus 
(Burgdorfer et al. 1982, Johnson et al. 1984). 

In the southern parts of Sweden and in many other European 
countries tiicks of the species I. ricinus occur. This tick can trans-
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mil a spirochete, closely related to Borreliai burgdorfer.i, which in 
man may cause cutaneous manifestations (erylhema chroni.cum 
migrans Afzelius, Iymphadenosis benigna cutis, acrodermatitis 
ohronica aikophicans), manifestations from the nervous system 
(meningitis, polyneuriti:s) and disorders of the jo.iints (arthritis, 
subluxations) (As brink 1985, Stiernstedt 1985). 

In the Uruited States mice and deer are important reservoirs 
of Borrelia spirochetes (Bosler et al 1984b) . A111tibodies to Bo.r­
relia burgdorferi have also been found in New England horses 
(Marcus et al. 1985). Apart from studies in humans, there have 
hitherto been no investigations on mammalli.an hosts in Scan­
dinavia. 

The island of (J.oU.and in the Baltic, in the southern part of 
Sweden, is an area where borreliosis occurs endemically in hu­
mans. During the summer months Gotlandic lambs may develop 
an arthritis of unknown etiology. Empirically penicillin has been 
found to cure this arthritis if given during the early phase of the 
disease, and the farmers have suspected that ticks play an etio­
logic role. To our knowled,ge this type of arthritis is unknown 
among Iambs in northern Sweden. 

Bovine babesiosis in Sweden is caused by Babesia divergens 
( Christensson, to be published), a protozoan also transmitted by 
I. ricinus. Especially in the south east parts of Sweden clinical 
oases are common during the grazing season (Wahlgren et al. 
1984). The geographical distribution of Babesia diver gens in 
Sweden (Olson 1961, Wahlgren et al. 1984) i:s reasonably the 
same as that of I. ricinus. 

The purpose of the present study was to determine whether 
ca1:tJle or sheep bred in areas of Sweden where I. ricin.us occurs 
may develop a serologic response to Borrelia spirochetes. 

MATERIALS AND METHODS 
Cattle 

Sera were collected from 3 different groups of cattle. 

Group 1 consisted of sera from 88 cows from northern 
Sweden, which is beyond the limit of the natural distribution 
of I. ricinus. All animals had grazed during the summers, none 
had titers of antibodies to Babesia. 

Group 2 consisted of 58 sera from cows bred in southern 
Sweden. As an indicator of con-tact Wlith Ixodes ticks, only se·ra 
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which in a previous analysis had shown elevated titers of anti­
bodies to Babesia were included. 

Group 3 consisted of sera from 68 calves from stocks in 
southern Sweden, stocks in which babesiosis was known to occur. 
Blood samples were collected just before and after the grazing 
season, which lasted for about 4.5 months. Before grazing all 
calve'S were seronegative for Babesia and after grazing there were 
15 seropositive animals. 

Lambs 
Sera were collected from 13 lambs .Jiving on the i.sland of Got­

land in southern Sweden. Nine of these lambs suffered from 
arthritis, which was being treated with penicillin at the time of 
the first serum sampling (test 1). From these lambs a second 
serum sample was drawn 3 to 8 weeks later (test 2). During the 
same period of the autumn, when the second samples were 
drawn, sera were also collected from 10 lambs from Jamtland in 
the northern part of Sweden. 

Serologic tests 
The sera were stored at -20 or -70°C until used in tests for 

assay of IgG antibodies to Borrelia spirochetes. A modification 
of the indirect immunofluorescence (IF) test described previous­
ly (Asbrink et al. 1984) was employed and spirochetes isolated 
from a Swedish patient with tickborne borreliiosis were used as 
antigen. The tests were performed with rabbi1t anti-bovine lgG, 
respectively rabbit anti-sheep IgG labeled with fluorescein iso­
thiocyanate (Miles Laboratories). The serologic resuUs are pre­
sented as reciprocal titers. 

Sera from the cattle were also analyzed for antiibodies to 
Babesia divergens with a modified IF-test (Christensen, to be 
published), where titers of 40 or more were considered as positive. 

Statistics 
The Wilcoxon rank-sum test was used in the statistical cal­

culations. 

RESULTS 
Cattle 

The results of the determinations of serum IgG antibodies to 
Borrelfa spirochetes are presented in Tables 1 and 2. The sera 
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Tab l e 1. Results of determ1nations of serum IgG antibodies to 
Borrelia in adult cows. 

Titer 

No. < 20 20 40 80 160 320 > 640 

Cowsi from northern Sweden 
(area free from I. ricinus) 88 36 23 21 7 0 1 0 
Cows from southern Sweden 
(area infested· with I. r.i:cinus) 58 1 2 9' 23 19 1 3 

from the group of Babesia-positive cows from southern Sweden 
showed a si!gnificantlly higher median titer of antibodies to Bor­
relia spirochetes than sera from cows from northern Sweden 
(P < 0.001). A serum titer of > 80 was found in 23 of the 58 
Babesia-po·sitive cows from the south, but in only 1 of th e 88 
cows from the north (Table 1). 

At the end of the summer 14 of the 68 calves had developed 
titers of antibodies against Borrelia spirochetes higher than 80 
(Table 2). There was no significant difference in serum titers of 
antibodies to Borrelia spiirochetes between the 15 calves, whlich 
after grazing were positive for Babesia, and those which remain­
ed Babesia-negative. 

T ab l e 2. Results of determinations of serum IgG antibodies to 
Borrelia in calves before and after grazing on pas.ture where 

I. ricinus occur. 

Titer 

No. < 20 20 40 80 160 320 > 640 

Calves before grazing 68 16 18 23 10 1 0 0 
Calves after grazing 68 7 11 17 19 11 3 0 

Lambs 
The results of the determinations of serum IgG antibodies to 

Borrelia spirochetes in lambs are shown in Table 3. In paired 
sera from the GotLandiic lambs the titer:s :inoreased significantly 
by two titer steps or more fo 7 of the 13 cases and increasing 
titers were found both among lambs with and without arthritis. 
In 11 of the 13 lambs from Gotland a serum titer or 80 or higher 
developed, but all lambs from Jiimtland in northern Sweden dis­
played serum titers less than 80. 
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Table 3. Results of determinations of serum IgG an.tibodies 
to Borrelia in lambs. 

Titer 

No. < 10 10 20 40 80 160 320 

Lambs from Gotland, test 1 13 0 0 4 4 5 0 0 
, test 2 13 0 0 0 2 4 5 2 

Lambs from Jl.imtland 10 2 6 1 1 0 0 () 

DISCUSSION 
The results of this study indicate that cattle and sheep in 

certa.in areas of Sweden are exposed to I. ricinus-borne Borrelia 
spirochetes. Lepto:spira organisms may cause cross-reacting anti­
bodies. However, this spirochetal infection has only very rarely 
been demonstrated in Swedish ruminants (Harvell, pers. comm.). 
All calves investigated came from stocks tin which babesiosis was 
known to occur and it is Likely that all calves in these areas run 
a risk of being parasitized by ticks. Among the calves increasing 
serum of antibodies t'O Borrelia spirochetes developed 
irrespective of whether or not serologic positivity to Babesia 
developed. Thus, the resu'lts do not suggest that ticks harbouring 
the Babesia protozoa bear Borrelia spirochetes more often than 
other I. rioinus ticks. 

The question whether a Borrelia spirochete infection in 
ruminants may resudt in clinicail symptoms, or ju5t gives a sub­
clinical infection, is s<tiM not answered. In man Ixodes-borne 
borreliosis may cause arthritis (Burgdorfer et al. 1982, A.sbrink 
1985, Stiernstedt 1985) . Clinical findings indicate that arthritis 
may a'lso develop d;n dogs infected with tick-borne Borrelia 
chetes (Bosler et al. 1984a). In this investigation elevated titers 
of ant'ibodiies to Bor.re1ia spiroohetes were found both in Got­
landic lambs with and in those without arthri.tis. These reisults 
may be explained by the occurrence of both clinical and sub­
clinical infections. However, the hypothesis that Ixodes-borne 
spirochetes may cause endemically occurring arthritis in lambs 
needs further investigabion, including attempts to isolate spiro­
chetes from .affected animals. It is also important that the agent 
responsible for the seroresponse of the ruminants is identified, 
as ruminants may serve as reservoci·rs for the spiirochetes causiing 
borreliiosi,s in humans. 
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SAMMANF ATTN I NG 
Serum a11tikroppar mot Borreliaspiroketer hos notkreatur och far 

i Sverige. 
Det har nylige'n visats att Borrelia spiroketer som overfOrs av 

Ixodes ricinus fastingar orsakar infektion hos manniska. Denna borre­
lios forekommer en.demiskt i s-Odra och mellerst.a delarna av Sveriige. 

58 kor, 68 kalvar Och 13 lamm fdrn sodra Sverige och 88 kor Och 
10 lamm fran norra Sverige har undersokts med avseerude pa fOre­
komsten av serum antikroppar mot Borrelia spiroketer. Serum titrar 
> 80 pavisades hos 14 av kalvarn.a och 23 av korna fran sodra Sveri.ge 
men en.dast hos. en av k-0rnra Cran norra Sverige. 11 av lammen fran 
sodra Sverige erholl efter en serum titer > 40. lnget av 
de nordsvenska lammen bade s·erum ·ti1er > 4-0. Resultaten tyder pa 
aitt notkreatur och far i viss.a omraden av Sverige ar exponera.de for 
lxodes ricinus overfi:irda spiroketer. 

Nio a·v de undersokta Iammen fran sodra Sverig·e ha·de drabbats 
av en endemdskt fOrekommande artrit. Hypotesen. att denna artrit or­
sakas av Borrelia spiroketer diskuteras. 
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