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Summary
In a serological survey in intensively man-
aged swine herds in northern Greece (280
samples) and southern Greece (120
samples), 28.2% of samples were positive
for Leptospira interrogans serovars and 3%
for Brucella species. These pathogens of
public health significance should be sys-
tematically investigated in Greece, a swine
brucellosis-free country.
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Intensive pig farming is common
worldwide, allowing management of a
large number of animals by a relatively

small number of caretakers, and producing
affordable meat of high nutritional value.
The viability of this system depends greatly
on the effectiveness of its management.
Keeping large numbers of animals in small
areas intensifies pig-to-pig and pig-to-envi-
ronment interactions. Inferior manage-
ment, facilities, or both may result in eco-
nomic losses1,2 or increased public health
risks.3–5 Financial losses result from animal
mortality, cost of disease control, and cost

of replacing sows with poor reproductive
performance.2,6 An estimated 88% of the
total loss results from culling the breeding
herd and production downtime.2 Deter-
mining the seroprevalence of infectious
agents of economic and public health
significance may help determine manage-
ment measures needed for minimizing
health problems. This is especially true for
agents associated with subclinical infec-
tions, which may be difficult to identify or
isolate.7 Thus, serologic testing is an eco-
nomical and effective means of deciding on
positive management changes in problem-
atic herds, regardless of the specific agent.
In some instances, serologic results may
delineate risks to public health, for ex-
ample, among those working with pigs or
processing pork.4,5 Two zoonotic agents
that should be considered in herds where
poor reproductive performance is a prob-
lem are Brucella species and Leptospira
interrogans serovars.

The most frequently reported Brucella spe-
cies infection in pigs is Brucella suis, a
smooth Brucella species.8 The rate of infec-
tion varies among pig herds, from farm to
farm or by country,9–11 by origin of tested
pigs (wild or domesticated),9,12 and by
testing method used.8,13 Agreement of se-
rological tests with isolation of the organ-

ism varies among test methods.12,14,15 The
source of antigen used, for example a strain
from bovine, porcine, or other species,
must be known when some testing meth-
ods are used, for example, the rapid agglu-
tination test.13 The methods of preparing
the antigen and the monoclonal or
polyclonal conjugate used in serologic in-
vestigations of brucellosis are also impor-
tant in the interpretation of results when
some newer tests are used, for example,
complement fixation and competitive
ELISA.7,14 All these factors should be
taken into consideration when brucellosis
is investigated and control measures are
considered.

Swine brucellosis, caused by Brucella suis,
has economic implications owing to the
extensive investigations needed to enact
control measures.9 Brucella species may
affect slaughterhouse workers, butchers,
and consumers. Swine have been impli-
cated in human cases of brucellosis in the
United States and Australia.4,5,16 The pub-
lic health importance of brucellosis in
food-producing animals, including pigs,
has resulted in increased official vigilance,
which has subsequently decreased the risk
of infection and economic losses due to
Brucella species, and simultaneously re-
vealed a shift in the primary animal species
infected, both in the European Union9 and
elsewhere.4,16

When poor reproductive performance in
swine has been investigated in some coun-
tries, including Greece, less attention has
been given to Leptospira serovars than to
brucellosis. Infection with Leptospira or-
ganisms is maintained in the kidneys of
carrier animals, including rodents. Organ-
isms shed in urine contaminate the envi-
ronment and infect other species, including
man.17–19 Inevitably, conditions of housing
determine the numbers of mice and rats
present and thus the number of pigs in-
fected. Older pigs are more likely to be se-
ropositive because of the persistence of
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antibodies and recurrent infection with
various Leptospira serovars.19–22 Because of
the complex epidemiology of leptospirosis
and the problems with interpretation of
serologic results,17,19 continuous, extensive
investigations of leptospirosis in all farm
animals are necessary to estimate losses ac-
curately and enact appropriate prevention
measures.

The objective of this study was to investi-
gate the serological status of a sample of pig
herds in Greece in regard to Brucella spe-
cies and Leptospira serovars, which have not
been investigated extensively in Greece. A
competitive ELISA (cELISA) was selected
to test for brucellosis, using as a conjugate
a monoclonal antibody raised against B
melitensis lipopolysaccharide (LPS).23 The
cELISA is not restricted to testing of a par-
ticular animal species24 and is free of non-
specific reactions.13 With a reported
specificity of 99.5% and sensitivity of
78.5% for pig sera,13 the cELISA is a reli-
able method for screening swine for Bru-
cella antibodies in countries where control
or eradication of brucellosis is a priority.9

The microscopic agglutination test (MAT)
was used to test for antibodies to Leptospira
serovars. The MAT is more reliable when
paired serum samples (acute and chronic)
are tested,19 but it is the most reliable
method for investigating the prevalence of
serovars. The MAT has a specificity of
more than 97%, and somewhat low sensi-
tivity (76% with convalescent serum).25

Materials and methods
Serum samples
Blood samples were collected from unvac-
cinated adult pigs in seven farrow-to-finish
herds (40- to 70-sow herds) located in
southern Greece, and in ten larger farrow-
to-finish herds (100- to 200-sow herds)
located more than 500 miles away, in
northeastern Greece. In each herd, 25 to
40% of adults were sampled. Animals
tested were selected by the owners on the
basis of poor performance, defined as poor

appetite, small litters, weak piglets,
mummified fetuses, irregular estrus inter-
vals, and low weaning weights. During the
initial sampling, 120 samples were col-
lected from the smaller herds and 280 from
the larger herds. Serum samples were stored
at -25˚C for 1 to 6 months before testing.

Testing for Brucella species
The cELISA kit COMPELISA 400 for
brucellosis diagnosis (Veterinary Laborato-
ries Agency (VLA), New Haw, Addlestone,
Surry, UK), detecting antibodies to smooth
Brucella species, was used to test pigs for
Brucella antibodies. The kit’s manual26

confirms its use in detection of Brucella
antibodies in pig sera. The cELISA kit uses
microplates pre-coated with B melitensis
LPS, and the conjugate is a monoclonal
anti-brucella antibody raised against B
melitensis LPS, which competes with bru-
cella-specific antibodies in the test serum.
Tests were read at a wave length of 450 nm
using a Microwell System ELISA reader
(Organon Teknika, Netherlands). A sample
with optical density equal to or less than
60% of the mean optical density of the
conjugate control wells was considered
positive.

Testing for L interrogans serovars
The MAT, internationally recognized as a
reference test for Leptospira serovars,19 was
used to detect antibodies against L
interrogans serovars. Each sample was first
screened against six pools of 19 serovars
used for serologic investigations of lep-
tospirosis at the VLA (Table 1). Each pool
was a mixture of equal quantities of 3- to
8-day live cultures of Leptospira serovars
growing in liquid Ellinghausen and
McCullough media (VLA, UK). Leptospira
microorganisms were mixed with serum to
a 1:25 dilution. Results were defined at the
1:25 dilution as follows: negative test,
<30% agglutination; trace, 30 to 50% ag-
glutination; and positive, >50% agglutina-
tion.19 All trace and positive samples were
further tested against each serovar in the

pool at serial serum dilutions of 1:25 to
1:800 for each serovar tested.

Results
Seroprevalence to Brucella species
Weak positive reactions to the cELISA for
smooth Brucella species were identified in
samples from three herds in southern
Greece (one, two, and six positive samples
per herd) and in one herd in northern
Greece (three positive samples), for a total
of 12 positive reactions among the 400
samples tested (3%).

Seroprevalence to L interrogans
serovars
Screening with pooled serovars identified
trace or positive agglutination with one or
more of the pools in 139 of the 400
samples (34.7%). Of these 139 samples, 62
(44.6%) showed trace agglutination and 77
(63.4%) were positive. No samples showed
trace or positive agglutination to pools 4 or
6.

All samples that showed trace agglutination
to an individual serovar at a dilution of
1:25 were negative to this serovar at a dilu-
tion of 1:50. At a dilution of 1:50, 113
samples (28.2%) showed trace or positive
agglutination with one or more individual
serovars. The most seroprevalent (trace or
positive) serovars at the 1:50 dilution were
Bratislava, 77 samples (68.2%); Australis,
26 samples (23.1%); Copenhageni, 23
samples (20.2%); and Autumnalis, 20
samples (18%). Thirty-nine percent of
trace or positive samples were seropositive
to more than one of the pool serovars. The
prevalence of serovars at the 1:100 dilution
was similar. However, trace and positive
serovars at the 1:200 dilution were
Bratislava, 19 samples; Australis, three
samples; and Copenhageni, one sample.
Only two small farms (southern Greece)
had evidence of antibodies in serum di-
luted to 1:400: seven samples showed ei-
ther trace (one sample) or positive aggluti-
nation. Six samples reacted with serovar
Bratislava and one with serovar Copenhageni.

Table 1: Leptospira interrogans serovars represented in six pools used as antigens for a microscopic agglutination test in a
study assessing the prevalence of Leptospira antibodies in 17 swine herds in Greece
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All farms had animals that were seroposi-
tive (positive or trace) to one or more
serovars at a dilution of 1:50. The number
of seroreactive animals at the 1:50 dilution
ranged from five to 17 per herd. In one
herd of 46 sows, 15 of 18 samples were
seroreactive. Four of the six samples that
were positive to serovar Bratislava at a dilu-
tion of 1:400 were from this herd.

None of the Brucella-positive pigs were
seropositive to any of the Leptospira
serovars.

Discussion
Zoonotic diseases are a public health prob-
lem worldwide. The prevalence of these
diseases is related to the management prac-
tices of individual herds and the economic
ability of a country to finance prevention
or control programs.9 The importance of
herd management is apparent in the re-
ported prevalence of pig brucellosis in the
various pig herds within a country or a
union.9,11 In the case of swine brucellosis,
even a small number of positive herds is
important because of the public health im-
plications of the infection. People at great-
est risk of infection are those working with
pigs or processing meat.4,5

In some countries where control programs
for brucellosis in ruminants are successful,
Brucella suis, the cause of pig brucellosis,
has emerged as a source of human infec-
tion.4,16 Brucella suis is reportedly absent in
pigs in Greece.9 This is the first report
showing serologic evidence of Greek pig
herds seropositive for brucellosis. The
cELISA used in this investigation is re-
ported as a method of high specificity
(99.5%)13 in detecting antibodies to
smooth Brucella strains present in pig
herds. Detection of even a small number of
Brucella-seropositive pigs in this study sug-
gests a need for an extensive microbiologi-
cal investigation of the role of pigs in
brucellosis.

Serologic cross reactions with other micro-
organisms, for example, Yersinia enterocolitica
strain O:9, may cause false-positive reac-
tions in some serological tests used to iden-
tify antibodies to smooth Brucella
strains.8,15 However, false-positive reactions
are unlikely to occur with the cELISA,
which uses as the competitive antibody a
monoclonal antibody raised against B
melitensis LPS, and which has reported
specificity close to 100% (99.5%).13

In order to confirm the agent responsible
for the immune response in the seroposi-
tive herds, attempts must be made to iso-
late the organism. If seroconversion was
indeed caused by infection with Brucella
species, the location of the positive farms is
of great interest. These two groups of herds
were physically separated by the bulk of the
mainland, and were more than 500 miles
apart. However, the location of all of these
farms coincides with an area of high preva-
lence of B melitensis infection in small ru-
minants,27 suggesting that B melitensis
might have caused seroconversion in these
herds. Brucella melitensis is of public health
importance, but has not been reported as a
cause of reproductive failure in pigs.9 The
very small number of reactors in both loca-
tions and the low antibody titers further
support the possibility of infection with B
melitensis. If these reactions were not false-
positive, then the role of swine in the
maintenance of brucellosis in Greece must
be seriously considered.

Leptospirosis is another important
zoonotic infection of pigs. Nevertheless,
the presence in all herds of reactors to Lep-
tospira serovars indicates that this microor-
ganism is widely spread among Greek pigs.
The prevalence of reactors is higher than
that reported from other countries, where
prevalence ranges from 10.3 to 22.2%
when the same testing method is
used.20,22,28 This indicates a need for fur-
ther investigation of leptospirosis as a cause
of reproductive failure among Greek pigs.
Among the serovars reported in other
countries, serovar Pomona is the most im-
portant in pigs.17,28–31 It has been sug-
gested that swine are important mainte-
nance hosts for serovars Pomona, Tarassovi,
and Bratislava.17 Studies in Northern Ire-
land and Australia report higher
seroprevalence of serovars Bratislava, Aus-
tralis, and Autumnalis among pigs showing
signs of reproductive failure.32–36 Anec-
dotal evidence from occasional serologic
investigations in Greece suggested the pos-
sible role of serovar Bratislava in cases of
poor reproductive performance in Greek
pig herds, which has been confirmed with
this survey. However, this is the first time
serovars Copenhageni and Autumnalis
have been reported in pigs in Greece, per-
haps due to lack of investigation. Serovar
Copenhageni, the third most seroprevalent
serovar in this study, is rarely reported in
intensively managed pigs worldwide. One

such report associated this serovar with
jaundice in piglets and adults.37 Others
report serovars Hardjo and Icterohaem-
orrhagiae as causes of reproductive failure
in pigs.20–22,29,33 The variety of Leptospira
serovars reported as the most prevalent or
pathogenic among pigs across the world is
influenced by the complex epidemiology of
leptospirosis, management practices in the
farming of pigs, and serovars selected for
investigation. Conditions on the farm, dis-
tance between farms, and animal move-
ment between farms are apparently very
important factors in the spread of different
serovars.38 Thus, the epidemiological im-
portance of Leptospira for pig herds needs
continuous and extensive investigation if
effective control programs are to be imple-
mented. In Greece, where little is known
about the true prevalence of Leptospira
interrogans serovars in pigs and their role in
cases of reproductive failure, an extensive
epidemiological investigation is needed to
confidently determine the importance of
leptospirosis in poor pig herd performance.

Implications
• Identification of a small number of

pigs seropositive for Brucella species in
two areas of Greece suggests a need for
further investigation and microbio-
logical identification of the organism
among pigs with poor reproductive
performance.

• As Greece is believed to be free of B
suis, it is possible that the serological
test used in these pigs identified a
different Brucella species, for example,
B melitensis, which exists in Greece
among other animal species.

• The role of Brucella species other than
B suis in cases of pig reproductive
failure, or in the role of the pig as a
maintenance host, should be system-
atically investigated in Greece.

• Leptospira interrogans serovars
Copenhageni, Australis, and
Autumnalis accounted for almost 50%
of the serovars possibly involved in
poor pig reproductive performance in
the Greek pig herds investigated.

• Leptospirosis vaccines recommended
for improving reproductive perfor-
mance in Greek pig herds do not
include serovars Copenhageni,
Australis, and Autumnalis, and would
be ineffective in herds where these
serovars are prevalent.
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• This report of a large number of
Leptospira interrogans serovars in Greek
pig herds suggests that leptospirosis
should be seriously considered as a
cause of reproductive failure and be
systematically investigated by micro-
biological isolation and serological
testing.

Acknowledgements
Many thanks to the staff of the VLA for
assistance, and specifically to Professor M.
Woodward and Dr A. MacMillan, for the
material help.

References – refereed
1. Elbers AR, Stegeman JA, de Jong MC. Factors
associated with the introduction of classical swine
fever virus into pig herds in the central area of the
1997/98 epidemic in The Netherlands. Vet Rec.
2001;149:377–382.

2. Hoblet KH, Miller GY, Bartter NG. Economic
assessment of a pseudorabies epizootic, breeding
herd removal, repopulation and downtime in a com-
mercial swine herd. JAVMA. 1987:190:405–409.

3. Funk JA, Davies PR, Gebreyes W. Risk factors
associated with Salmonella enterica prevalence in
three-site swine production systems in North Caro-
lina, USA. Berliner und Munchener Tierarztliche
Wochenschrrift. 2001;114:335–338.

4. Robson JM, Harrison MW, Wood RN, Tilse
MH, McKay AB, Brodribb TR. Brucellosis: re-
emergence and changing epidemiology in
Queensland. Med J Aust. 1993;159:147–148.

5. Trout D, Gomez TM, Bernard BP, Mueller CA,
Smith CG, Hunter L, Kiefer M. Outbreak of bru-
cellosis at a United States pork packing plant. J
Occup Environ. 1995;37:697–703.

6. Baumann B, Bilkei G. Emergency-culling and
mortality in growing/fattening pigs in a large Hun-
garian “farrow-to-finish” production unit. Deutsche
Tierarztlliche Wochenschrrift. 2002;109:26–33.

7. Ferris RA, Schoenbaum MA, Crawford RP. Com-
parison of serologic tests and bacteriologic culture
for detection of brucellosis in swine from naturally
infected herds. JAVMA. 1995;207:1332–1333.

8. Corbel MJ, Stuart FA, Brewer RA. Observations
on serological cross-reactions between smooth Bru-
cella species and organisms of other genera. Dev Biol
Stand. 1984;56:341–348.

9. Godfroid J, Kasbohrer A. Brucellosis in the Euro-
pean Union and Norway at the turn of the twenty-
first century. Vet Microb. 2002:90:135–145.

10. Adesiyun AA, Cazabon EP. Seroprevalences of
brucellosis, Q fever and toxoplasmosis in slaughter
livestock in Trinidad. Revue d’élevage et de médecine
vétérinaire des pays tropicaux. 1996;49:28–30.

11. Lord VR, Cherwonogrodzky JW, Marcano MJ,
Melendez G. Serological and bacteriological study of
swine brucellosis. J Clin Microbiol. 1997;35:295–
297.

12. Drew ML, Jessup DA, Burr AA, Franti CE.
Serologic survey for brucellosis in feral swine, wild
ruminants, and black bear of California, 1977 to
1989. J Wildl Dis. 1992;28.

13. Paulo PS, Vigliocco AM, Ramondino RF,
Marticorena D, Bissi E, Briones G, Gorchs C, Gall
D, Nielsen K. Evaluation of primary binding assays
for presumptive serodiagnosis of swine brucellosis in
Argentina. Clin Diagn Lab Immunol. 2000;7:828–
831.

14. Rogers RJ, Cook DR, Ketterer PJ, Baldock FC,
Blackall PJ, Stewart RW. An evaluation of three
serological tests for antibody to Brucella suis in pigs.
Aust Vet J. 1989;66:77–80.

15. Wrathall AE, Broughton ES, Gill KP, Goldsmith
GP. Serological reactions to Brucella species in Brit-
ish pigs. Vet Rec. 1993;132:449–454.

16. Taylor JB, Perdeu JN. The changing epidemiol-
ogy of human brucellosis in Texas, 1977–1986. Am
J Epidemiol. 1989;130:160–165.

17. Faine S, Adler B, Bolin C, Perolat B. Leptospira
and Leptospirosis. Melbourne, Australia: MediSci;
1999;67–92.

18. Campagnolo ER, Warwick MC, Marx HL Jr,
Cowart RP, Donnell HD Jr, Bajani MD, Bragg SL,
Esteban JE, Alt DP, Tappero JW, Bolin CA, Ashford
DA. Analysis of the 1998 outbreak of leptospirosis
in Missouri in humans exposed to infected swine.
JAVMA. 2000;216:676–682.

19. Levett, PN. Leptospirosis. Clin Microbiol Rev.
2001;14:296–326.

20. Potts AD, Lotter C, Robinson JT. Serological
prevalence of leptospiral antibodies in pigs in South
Africa. Onderstepoort J Vet Res. 1995;62:281–284.

21. Ferreira-Neto JS, Vasconcellos SA, Ito FH,
Moretti AS, Camargo CA, Sakamoto SM,
Marangon S, Turilli C, Martini M. Leptospira
interrogans serovar icerohaemorrhagiae seropositivity
and the reproductive performance of sows. Prev Vet
Med. 1997;31:87–93.

22. Ochoa JE, Sanchez A, Ruiz I. Epidemiology of
leptospirosis in a livestock production area of the
Andes. Panam J Pub Health. 2000;7:325–331.

23. MacMillan AP, Greiser-Wilke I, Moenning V,
Mathias LA. A competition enzyme immunoassay
for brucellosis diagnosis. Deutsche Tierarztlliche
Wochenschrrift. 1990:97:83–85.

24. Van Bressem MF, Van Waerebeek K, Raga JA,
Godfroid J, Brew S, MacMillan AP. Serological evi-
dence of Brucella species infection in odontocetes
from the south Pacific and the Mediterranean. Vet
Rec. 2001;148:657–661.

25. Cumberland P, Everard CO, Levett PN. Assess-
ment of the efficacy of an IgM-elisa and microscopic
agglutination test (MAT) in the diagnosis of acute
leptospirosis. Am J Trop Med Hyg. 1999;61:731–
734.

26. COMPELISA 400 [package insert]. Addlestone,
Surrey, UK: Veterinary Laboratories Agency.

27. Sarris K. Epidemiology of brucellosis in small
ruminants. Symp Hellenic Vet Med Soc. Athens,
Greece. 2002:5–11.

28. De Lange JF, Gummow B, Turner GV,
Redmann AR. The isolation of Leptospira interrogans
serovar Pomona and related serological findings
associated with a mixed farming unit in the
Transvaal. Onderstepoort J Vet Res. 1987;54:119–
121.

29. Van Til LD, Dohoo R. A serological survey of
leptosirosis in Prince Edward Island swine herds and
its association with infertility. Can J Vet Res.
1991;55:352–355.

30. Bercovich Z, Spek CW, Comvalius-Adriaan I.
The occurrence of antibodies to various Leptospira
serotypes in swine in The Netherlands in the period
of 1975–1980. Tijdschrift voor Veeartsenijkunde.
1983;108:133–138.

31. Gummow B, Myburgh JG, Thompson PN, van
der Lugt JJ, Spencer BT. Three case studies involv-
ing Leptospira interrogans serovar Pomona infection
in mixed farming units. J S Afr Vet Assoc.
1999;70:29–34.

32. Ellis WA, McParland PJ, Bryson DG, Cassells
JA. Prevalence of leptospira infection in aborted pigs
in Northern Ireland. Vet Rec. 1986;18:63–65.

33. Bolin CA, Cassells JA. Isolation of Leptospira
interrogans serovars bratislava and hardjo from swine
at slaughter. J Vet Diagn Invest. 1992;4:87–89.

34. Chappel RJ, Ellis WA, Adler B, Amon L, Millar
BD, Zhu SS, Prime RW. Serological evidence for the
presence of Leptospira interrogans serovar bratislava
in Australian pigs. Aust Vet J. 1992;69:119–120.

35. Chappel RJ, Prime RW, Millar BD, Jones RT,
Cutler RS, Adler B. Prevalence and geographic ori-
gin of pigs with serological evidence of infection
with Leptospira interrogans serovar Pomona slaugh-
tered in abattoirs in Victoria, Australia. Vet
Microbiol. 1998;62:235–242.

36. Rocha T. A review of leptospirosis in farm ani-
mals in Portugal. Rev Sci Tech. 1998;17:699–712.

37. Hathaway SC, Little TW. Prevalence and clini-
cal significance of leptospiral antibodies in pigs in
England. Vet Rec. 1981;108:224–248.

38. Barwick RS, Mohammed HO, McDonough
PL, White ME. Risk factors associated with the
likelihood of leptospiral seropositivity in horses in
the state of New York. Am J Vet Res. 1997;58:1097–
1103.

�������� �	
�	���
���������


