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Infection with Lactococcus garvieae is considered the most important risk factor for the European trout
industry, and the losses are approximately 50% of the total production. To improve our understanding of the
genetic links among strains originating from different countries, we examined the population structure of L.
garvieae by comparing 81 strains isolated from different sources and ecosystems (41 farms in six countries) in
which the bacterium is commonly found. Genetic similarities (as assessed with molecular tools, including
restriction fragment length polymorphism ribotyping with two endonucleases) were compared with serological
data. The combined results reveal that in endemic sites the bacterial population displays a clonal structure,
whereas bacterial diversity characterizes sites where the infection is sporadic.

The story of Lactococcus garvieae is an attractive example of
how modern aquaculture influences the spread of pathogens
and how a new pathogen settles in a new niche. The original
description of L. garvieae dates back to 1984, when the organ-
ism was isolated from a mastitic udder of a cow in the United
Kingdom (7). However, in contrast to its limited importance as
a mastitogenic agent, L. garvieae turned out to be the most
important risk factor for the Mediterranean European trout
industry, causing specific losses that are approximately 50% of
the total production (18).

Although fish diseases due to gram-positive cocci have been
known in Japan for over 50 years (19), the association between
L. garvieae and infected fish was determined only in 1991, when
strains collected from diseased fish in Japan during the 1970s
were analyzed and (erroneously) described as Enterococcus
seriolicida sp. nov. (21). Indeed, subsequent studies indicated
that E. seriolicida is a junior synonym of L. garvieae (11, 12).
The proposition that throughout the 1970s and 1980s this
pathogen and its associated disease, although not monitored,
were present in European aquaculture ought to be discarded.
L. garvieae induces a fatal hemorrhagic septicemia of trout, and
it is inconceivable that an industry that produces over 100,000
tons yearly, as the European trout industry does, would not be
aware of such considerable losses (18). The spread of L. gar-
vieae throughout Mediterranean Europe was rapid; L. garvieae
infections of trout were recorded in Spain in 1991 (11), and a
year later the same pathogen was detected in Italy (18). From
that point on, the pathogen and its specific disease rapidly
spread throughout the southern part of the European conti-
nent, including countries such as Turkey (10) and Portugal
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(26), as well as the Balkans (this study). The rapid spread of
the pathogen is a result of the multiple routes of dissemination
and transmission of this pathogen, which include direct spread
through movement of infected fish or asymptomatic carriers, as
well as horizontal transmission by contaminated water (25, 28).
L. garvieae infections of trout have also reached other conti-
nents, including Australia (5) and the Middle East (Asia) (this
study).

The epidemiological puzzle of how the disease has spread
throughout countries and continents is likely to remain un-
solved for the most part. In previous work, it was shown that
epidemiological markers (restriction fragment length polymor-
phism [RFLP] ribotyping) could differentiate diverse epidemi-
ological clones; since one of the early isolates, which was col-
lected in Japan some 20 years before the disease was
encountered in Europe, was identical to Italian isolates, it was
concluded that “potential routes of infection headed from Ja-
pan to Italy can be hypothesized” (13). During the last 3 years
two additional epidemiological studies were published. By us-
ing pulsed-field gel electrophoresis, it was shown that Spanish
isolates cluster in two different pulsotypes that are different
from the two closely related Italian pulsotypes (28). In that
study, the pulsotype of a French isolate was found to be ge-
netically distinct from that of all other fish isolates. These data,
which generally substantiated the RFLP data, were not con-
firmed by random amplified polymorphic DNA analysis, which
indicated that 9 of 11 French isolates clustered in the same
genogroup as the Italian rainbow trout isolates (26).

In the present work we monitored the population structure
of L. garvieae strains from sights included in the original work
(13), in addition to strains collected from locations where the
pathogen was not present formerly. The epidemiological cri-
teria were amplified and included a molecular approach
(RFLP ribotyping) combined with a serological survey. A com-
parison between previous and current L. garvieae clinical iso-
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TABLE 1. L. garvieae strains analyzed in this study

. Country and o EcoRI HindIII
Strain(s) year of isr{)lation Source Serotype ribotype ribotype
KFP 430 Israel, 1999 IF 1; Upper Galilee I B K
KFP 24, KFP 30, KFP 36, KFP 442, Israel, 2000 IF 1 and IF 2, Upper Galilee 1 A K
KFP 457
KFP 458, KFP 459, KFP 460, KFP 461, Israel, 2001 IF 1 to IF 3, Upper Galilee 1 A K
KFP 462, KFP 470
KFP 471, KFP 473, KFP 498 Israel, 2002 IF 1 to IF 3, Upper Galilee I A K
KFP 17, KFP 505, KFP 508, KFP 511, Israel, 2003 IF 1 to IF 3, Upper Galilee 1 A K
KFP 524
00/5056 Spain, 2000 SF 1, northwest 11 C L
3265 Spain, 2000 SF 2 I C L
27/00 Spain, 2000 SF 3 11 C L
00/5084 Spain, 2000 SF 4, west 11 C L
00/5094 Spain, 2000 SF 1, northwest 11 C L
00/5069 Spain, 2000 SF 5, center I D M
111 Spain, 2001 SF 2 11 C L
409 Spain, 2001 SF 3 I C L
01/5611 Spain, 2001 SF 6, south 11 C L
01/5677 Spain, 2001 SF 7, west 11 C L
01/5687 Spain, 2001 SF 8, south 11 C L
01/5695 Spain, 2001 SF 9, south I C L
02/6018 Spain, 2002 SF 10, south 11 C L
03/8460 Spain, 2003 SF 11, south 1I C L
03/8545 Spain, 2003 SF 12, northwest 11 C L
03/8566 Spain, 2003 SF 13, center 1I C L
03/8585 Spain, 2003 SF 14, west 11 C L
7898/98 France, 1998 FF 1 1 E N
8338/98 France, 1998 FF 2 1 E N
1966/00 France, 2000 FF 3 NT? F 0]
2138/00 France, 2000 FF 4 NT F P
3032/01 France, 2001 FF 5 1 G Q
378 France, 2001 FF 6 111 H R
2599/02 France, 2002 FF 5 1 G Q
2976/02 France, 2002 FF 7 1 G Q
3954/02 France, 2002 FF 8 1I J L
033 France, 2002 FF 9 1 A S
297 France, 2002 FF 10 v 1 T
379 France, 2002 FF 11 1 A S
2441/03 France, 2003 FF 1 1I C L
2645/03 France, 2003 FF 2 1 G Q
2442/03 France, 2003 FF 12 1 G U
2429/03 France, 2003 FF 13 1 G Q
1477/03 France, 2003 FF 7 1 G Q
2747/03 France, 2003 FF 14 11 C L
ITP O1A, ITP 011, ITP 191, ITP 231, Italy, 2000 ITF 1 to ITF 3, Po Valley and northern Italy 1 A K
ITP 320, ITP 408
ITP 109, ITP 256, ITP 322, ITP 329, Italy, 2001 ITF 1 to ITF 8, Po Valley, Central, northern, 1 A K
ITP 387, ITP 393, ITP 431, ITP 487 and northeastern Italy
ITP 054, ITP 099, ITP 109, ITP 401, Italy, 2002 ITF 1, ITF 5, Po Valley, central and 1 A K
ITP 256 northern Italy
ITP 42, ITP 58, 82921, 82277, 85830 Italy, 2003 ITF 1, ITF 2, and ITF 6 to ITF 8, Po Valley, 1 A K
central, northern, and northeastern Italy
053 Greece, 2002 I C L
065 Bulgaria, 2003 11 C L

“IF, SF, FF, and ITF indicate different fish farms in Israel, Spain, France, and Italy, respectively. Italian, Spanish, and Israeli strains were collected from sites where
the disease is endemic. The French isolates are representatives of 17 different outbreaks; outbreak reoccurrences in the same site were recorded at only three farms.

® NT, nontypeable.

lates indicated the clonality of this pathogen in endemic areas
where the disease is well established and its diversity in sites
where the infection has been introduced only recently and is
still sporadic.

MATERIALS AND METHODS

Bacterial strains. All L. garvieae strains included in this study are clinical
specimens isolated from viscera (mainly brains and spleens) of infected rain-

bow trout. A total of 81 strains were collected over a 5-year period from 41
trout farms in six countries. Confirmatory identification was performed by
PCR, as previously described (31). The strains used in this study and their
geographic origins are listed in Table 1. The Spanish isolates were kindly
provided by Jose Francisco Fernandez-Garayzabal (School of Veterinary
Medicine, Complutense University of Madrid). The French isolates (14 of
which were provided by LD40/Groupement de Défense Sanitaire Aquacole
d’Aquitaine, Mont de Marsan, France) were recovered between 1998 and
2003 from 14 farms in different geographical locations. The French isolates



5134 EYNGOR ET AL.

represented 18 different outbreaks; reoccurrences at the same site were
recorded for only four farms.

Italian, Spanish, and Israeli strains were collected from sites where the disease
is endemic, with regular seasonal occurrence (when the temperature is above
16°C). The three Israeli farms from which strains were collected have common
water sources.

DNA extraction and ribotyping and generation of ribosomal DNA (rDNA)
RFLP patterns. The methods used to lyse gram-positive cocci and to extract their
DNA have been described elsewhere (13). Five micrograms of genomic DNA
from each isolate was completely digested (16 h at 37°C) with 50 U of restriction
enzyme HindIII and 50 U of restriction enzyme EcoRI (Promega, Madison,
Wis.) and separated by electrophoresis on a 20-cm-long 1% agarose gel. South-
ern blotting and all other procedures, including hybridization to a digoxigenin
(Boehringer)-labeled 7.5-kb BamHI fragment of pKK3535 comprising the E. coli
rRNA B operon (4), were performed as described previously (13).

Computer data analysis. The rRNA B operon patterns obtained after diges-
tion with HindIII were digitized by using a BIS 202 gel documentation system
(DNR). Digitized images were converted and normalized with Phoretix 1D
software (Nonlinear). Following normalization we defined a set of bands for each
normalized densitometric curve. The similarity between patterns was calculated
by using the Dice (S,) coefficient (9) as implemented in the Phoretix 1D soft-
ware. Restriction patterns for each locus were considered to be the same if they
had the same number of bands with similar molecular sizes. Different restriction
patterns for each locus were considered to represent different alleles, and each
allele was assigned an arbitrary integer. Dendrograms were produced on the
basis of the unweighted average pair group method (UPGMA).

Production of hyperimmune sera. Isolates were grown in 200 ml of Todd-
Hewitt broth (Difco) at 27°C for 4 to 6 h until an optical density (absorbance) at
630 nm of 0.6 was achieved. Bacterial cells were collected by centrifugation
(3,000 X g for 20 min) and inactivated with formalin (3% for 24 h). Then the
bacterial cells were collected by centrifugation (3,000 X g for 20 min), and each
pellet was washed three times in phosphate-buffered saline (PBS). Finally, the
bacterial pellet was resuspended in PBS to an optical density (absorbance) at 630
nm of 1.4 (equivalent to 10° CFU/ml). Hens were immunized subcutaneously
with biweekly doses of 30 pl of formalin-killed bacteria emulsified in 70 pl of
incomplete Freund’s adjuvant (Sigma). Serum samples for measurement of an-
tigen-specific immunoglobulin titers were prepared from blood.

Measurement of immunoglobulin titers. Inmulon 4 (Dynex, Chantilly, Va.)
plates were coated overnight at 4°C with 100 ul of a formalin-free bacterial
suspension (diluted in PBS to an optical density at 630 nm of 0.6), washed three
times with PBST (PBS containing 0.1% Tween 20) and blocked with PBS con-
taining 0.5% bovine serum albumin at room temperature (RT) for 30 min. The
plates were then washed once with PBS, and serum samples (twofold dilutions
from 1/500 to 1/32,000) in blocking buffer were added. After 1 h of incubation at
37°C, the plates were washed three times with PBST, and alkaline phosphatase-
conjugated polyclonal goat anti-hen immunoglobulin G (final concentration in
blocking buffer, 1/1,000; Sigma) was added. The plates were incubated at 37°C
for 1 h and washed three times with PBST, and the substrate 4-methylumbel-
liferyl phosphate (50 wg/ml; 50 wl/well) was added. Fluorescence was read with
a MicroFLUOR enzyme-linked immunosorbent assay (ELISA) reader (Dyna-
tech Laboratories, Inc.).

Dot blot assay for serotyping. The dot blot assay was carried out as described
elsewhere (16), with modifications in the antigen composition. Bacteria were
grown in 50 ml of Todd-Hewitt broth as previously described and were collected
by centrifugation (3,000 X g for 20 min). Specific group polysaccharide (PS)
antigens were extracted by exposure of a bacterial pellet to 500 pl of 0.2 N HCI
for 120 min at 50°C (22). The extracts were neutralized with NaOH and centri-
fuged (10,000 X g for 20 s), and 50 pl of the supernatant was spotted (dot blot;
Bio-Rad) onto nitrocellulose membranes (Bio-Rad). The membranes were dried
for 30 min at RT and blocked for 1 h at RT with 5% skim milk in PBS. The
membranes were then divided into strips and washed three times with PBS
containing 0.05% Tween 20; a 1:1,000 dilution (for serum against strain ITP 054)
or a 1:5,000 dilution (for all other sera) of each antiserum in PBS containing 1%
skim milk was added to the corresponding strip and incubated for 2 h at 37°C on
a rocking platform. After the strips were washed three times in PBS containing
0.05% Tween 20, a 1:5,000 dilution of goat anti-chicken immunoglobulin G
(heavy plus light chains)-peroxidase conjugate (Sigma) in PBS containing 1%
skim milk was added, and the mixture was incubated for 1 h at RT (different
dilutions of sera and conjugate were tested before the final dilutions were
selected). After the preparations were washed once in PBS containing 0.05%
Tween 20 and twice in PBS, the reaction was developed with a 1:33 dilution of
a 5-mg/ml solution of nitroblue tetrazolium plus a 1:33 dilution of a 2.5-mg/ml
solution of BCIP (5-bromo-4-chloro-3-indolylphosphate) in 0.1 M Tris buffer
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FIG. 1. RFLP ribotyping of EcoRI digests. The numbers on the left
indicate sizes (in base pairs). Lane 1, Italian isolate 01A; lane 2, Israeli
isolate 430; lane 3, Spanish isolate 3265; lane 4, Spanish isolate 00/
5069; lane 5, French isolate 7898/98; lane 6, French isolate 1966/00;
lane 7, French isolate 3032/01; lane 8, French isolate 378; lane 9,
French isolate 297; lane 10, French isolate 3954/02.

(KPL, Gaithersburg, Md.). A dark color of spots, often surrounded by a halo,
indicated a positive reaction. These results clearly contrasted with the smaller,
weaker spots given by the negative strains. The reactions were stopped with
distilled water.

Adsorption. Serum against isolate 27/00 was adsorbed as described by Musher
et al. (24). Formalin-killed L. garvieae 054 cultures were centrifuged (3,000 X g
for 20 min), and each pellet (containing 10° CFU equivalents) was washed three
times in PBS and suspended in 1 ml of the serum (against isolate 27/00) to be
adsorbed. This suspension was kept at 8°C on a rocking platform for 30 min.
Serum was then collected by centrifugation, and this procedure was repeated two
more times. After the third adsorption, sera were filtered (pore size, 0.22 pwm;
Gelman Sciences, Ann Arbor, Mich.) and stored at —20°C.

RESULTS

Genetic structure of the L. garvieae population as estab-
lished by rDNA RFLP analysis. Previous studies have shown
that RFLP ribotyping following genomic digestion with the
restriction enzymes EcoRI and HindIII can effectively discrim-
inate L. garvieae strains; for ribotype designations we used the
criteria described previously (13). A total of 21 different re-
striction patterns were observed; 10 different patterns charac-
terized by 5 to 13 bands were identified in the EcoRI blots (Fig.
1), and 11 different patterns characterized by 4 to 10 bands
were detected in the HindIII blots (Fig. 2).

By combining the results obtained with the two enzymes the
number of ribotypes detected for the strains was 13. Interest-
ingly, whatever endonuclease was used, the rDNA RFLP anal-
ysis of strains originating from Italy and Spain (where the
pathogen and its associated disease have been established for
more than 10 years) grouped in two phylogenetic groups with
no apparent internal differences; the only exception was Span-
ish isolate 00/5069 (level of similarity with other Spanish
strains, 0.54). The genetic relationships of these groups (fol-
lowing digestion with HindIII) are shown in a dendrogram
constructed by the UPGMA method in Fig. 3, and the results
confirmed the existence of two major epidemiological divisions
(level of similarity, 0.58) and the clonality of each division
(level of similarity, 1.0). A similar result was obtained for the
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FIG. 2. RFLP ribotyping of HindIII digests. The numbers on the
left indicate sizes (in base pairs). Lane 1, Italian isolate 01A; lane 2,
Spanish isolate 3265; lane 3, Spanish isolate 00/5069; lane 4, French
isolate 7898/98; lane 5, French isolate 1966/00; lane 6, French isolate
2130/00; lane 7, French isolate 3032/01; lane 8, French isolate 378; lane
9, French isolate 379; lane 10, French isolate 297; lane 11, French
isolate 2442/03.

Israeli strains that grouped in the same epidemiological divi-
sion as the Italian strains (level of similarity, 1.0). The Greek
and Bulgarian isolates were identical to the Spanish isolates
and therefore clustered in the same epidemiological rank.
However, since only one isolate from each of these countries
was examined, no definitive conclusions could be drawn.

In contrast to the tight relationships among Spanish isolates
and between Italian and Israeli isolates, the rDNA RFLP anal-
ysis of the French isolates revealed a high degree of heteroge-
neity, as shown by the high number of ribotypes (nine different
combinations) and the low levels of similarity, which ranged
from 0.1 (strain 297) to 0.58 (strains 3954/02, 2441/03, and
2747/03, which were identical to the Spanish group [level of
similarity, 1.0]).

Computer analysis of the rRNA B operon patterns obtained
after digestion with EcoRI substantiated these results (data not
shown) and demonstrated the clonality (level of similarity, 1.0)
of each division (level of similarity between divisions, 0.30) and
the heterogeneity of the French isolates, for which the levels of
similarity ranged from 0.08 (strain 297) to 0.58 (strains 2441/03
and 2747/03, which are identical to the Spanish group [level of
similarity, 1.0]).

As determined by a comparison of the two dendrograms, the
only exception in the two major genetic groups was the first
Israeli isolate, KFP 430, which appeared to be a subtype (level
of similarity, 0.79) of the Italian-Israeli division.

L. garvieae serotypes. The specificity of each antiserum was
determined by ELISA; sera were collected when the ELISA
value was more than 1.8 optical density units (for sera against
ITP 054 diluted 1:4,000) or more than 1.0 optical density unit
(for sera against strains 27/00, 378, and 279 diluted 1:16,000).
The optical density of the control sera was 0.1. Dot blotting was
performed with all L. garvieae isolates included in this study,
which represented clinical isolates collected from different out-
breaks in five Mediterranean countries. With antiserum to
strain 27/00 cross-reactions with heterologous serogroups or
serotypes (SGTs) occurred, giving intermediate results that

CLONALITY AND DIVERSITY OF L. GARVIEAE 5135

were difficult to interpret. Antibodies against surface antigens
common to all lactococci, such as cell wall polysaccharide,
could have been responsible for these cross-reactions. Absorp-
tion of the sera with the heterologous lactococcal strains ren-
dered the sera highly specific. In dot blot typing, the homolo-
gous strain used for antiserum production was included as a
positive control; the results were interpreted by comparison
with the controls. A dark color of the spots, often surrounded
by a halo, indicated a positive reaction. These results clearly
contrasted with the smaller, weaker spots obtained with the
negative strains (data not shown).

The largest SGT included all Israeli and Italian isolates
(serotype I strains); sera raised against Italian strain ITP 054
reacted positively with all Italian and Israeli strains. The only
exception was Italian isolate ITP 109, which showed negative
dot blot reactions even when the homologous antiserum was
used. Surprisingly, although serum raised against ITP 109 rec-
ognized the heterologous Italian and Israeli PS extracts, they
did not recognize the PS extracted from the homologous iso-
late. This raised the question of the specificity of the dot blot
assay with PS of ITP 109 as the antigen. The possible expla-
nation that parts of PS that are essential for binding are not
surface exposed even in heat-treated bacteria was discarded
when binding of homologous sera (as well as sera raised
against other Italian and Israeli isolates) was proven to be dose
dependent. When the quantity of PS extracted from ITP 109
was tripled, specific recognition of the homologous PS oc-
curred (data not shown). We therefore hypothesized that the
quantity of PS synthesized by this isolate is less than the quan-
tity of PS synthesized by other strains. The correlation between
serotyping and ribotyping was complete; the serological
method placed all serotype I strains in the expected epidemi-
ological division. The two French isolates that were most
closely related genetically to the Italian and Israeli isolates
(isolates 379 and 33; genetic similarity, 0.87) were also in-
cluded in the same SGT. This demonstrates the value of sero-
typing as a discriminative tool, although ribotyping is superior
for strain-to-strain differentiation.

The second SGT encompassed all of the Spanish isolates,
plus the Greek and Bulgarian strains, which clustered in a tight
genetic division (level of similarity, 1.0). The nonspecific bind-
ing of the sera with Spanish isolate 27/00 (used at a dilution of
1:1,000) decreased considerably when they were adsorbed with
Italian isolate ITP 054, confirming the specificity of the reac-
tion.

The heterogeneity of the French isolates was confirmed by
serological means. French isolates were found to group with
the Italian-Israeli SGT, as well as with the Spanish SGT; iso-
lates 297 and 378 (levels of genetic similarity, 0.1 and 0.14,
respectively) did not group in any SGT but were members of
two distinct serotypes. Strains 1966/00 and 2138/00 (level of
internal similarity as determined by EcoRI typing, 1.0) were
serologically nontypeable.

DISCUSSION

In recent years population genetic studies of many species of
human and veterinary bacterial pathogens have provided valu-
able frameworks for understanding the ecology, pathogenicity,
and epidemiology of these bacteria. Moreover, analysis of data



5136 EYNGOR ET AL.

APPL. ENVIRON. MICROBIOL.

French isolate 2442/03

French isolates: 3032/01, 2599/02, 2976/02, 1477/03,
2645/03, 2429/03

Spanish isolate 00/50609

Spanish isolates: 00/5056, 3265, 27/00, 00/5084, 00/5094,
00/5069, 111, 409, 01/5611, 01/5677, 01/5687, 01/5695,
02/6018, 03/8460, 03/8545, 03/8566, 03/8585

French isolates: 3954/02, 2441/03, 2747/03
Greek isolate 053. Bulgarian isolate 065

Isracli isolates: KFP 24, 30, 36, 442, 457, 458, 459, 460,
461, 462,470,471, 473,498, 17, 053, 508, 511, 524

Italian isolates: ITP 01A, 011 191, 231, 320, 408, 109,
256, 322, 329, 387 393, 431, 487, 054, 099, 109, 401,
256, 42, 58, 82921, 82277, 85830

French isolates: 279, 33

French isolate 2138/00

French isolates: 7898/98, 8338/98

French isolate 1966/00

French isolate 378

French isolate 297

A0 20 30 40 S50 B0 70 8D H0

1.00

FIG. 3. Dendrogram showing the genetic relationships among the L. garvieae rDNA RFLP patterns after complete digestion with HindIII. The
dendrogram was constructed by computer analysis with the Phoretix 1D software (Nonlinear) package by using the UPGMA.

from such studies often has provided insight into the phylogeny
and the impact of recombination on the evolution of individual
species. Thus, we used rDNA RFLP analyses combined with a
serological survey to define the genetic diversity and structure
of the population features of L. garvieae strains isolated from
infected fish. The combination of rDNA RFLP analysis, which
examines stable regions of the genome, with serotype perva-
siveness is an original and powerful tool for identifying genetic
events that have occurred in L. garvieae genomes.

All of our concordant results seem to confirm that the L.
garvieae population is divided into two major groups. The first
group encompasses Italian and Israeli serotype I isolates, while
the second includes Spanish, Greek, and Bulgarian serotype 11
isolates. Overall, a clear correlation between serotypes and
ribotypes was observed (Fig. 3), although related (but not

identical) ribotypes can belong to the same serotype, indicating
the higher discriminatory power of molecular typing methods
than of serotyping. This might be because it is possible for
different strains to have similarities in portions of their ge-
nomes that encode serotype-specific antigens but have differ-
ences in other portions of their genomes (e.g., TRNA genes).
Compared to the French isolates, the greater genetic homoge-
neity in each of the two defined divisions (Spanish-Greek and
Italian-Israeli divisions) suggests that a process of evolution
has already occurred, leading to a clonal distribution of strains
that probably evolved from ancestor strains (27). In contrast,
the genetic heterogeneity among French isolates suggests that
in France a similar process of evolution has not taken place.
The underlying reasons for the observed differences in the L.
garvieae population and subpopulation structure in France are



VoL. 70, 2004

unclear at this time, but the differences are likely to be the
combined result of recombinational events and ecological fac-
tors (6, 14, 15).

Variations in the serologic prevalence of streptococcus
(group A) strains in human populations have been reported
previously (1, 17). These variations could have been due to
either a gradual process that occurred over several years (29)
or a rapid and complete replacement of one serotype with
another, as described for semiclosed civilian populations (1, 20,
23). It has been suggested that changes in serotype prevalence
and stability are the consequence of two key factors, popula-
tion dynamics and immune pressure (8). If this hypothesis is
correct, it may well be extended to farmed fish populations that
resemble semiclosed communities. Indeed, the rapid emer-
gence of a novel serotype of the fish pathogen Streptococcus
iniae and the complete replacement of the previous serotype
following selective pressure that was applied through massive
vaccination (2) substantiate this theory. Likewise, the limited
selective pressure induced by specific vaccination against L.
garvieae (currently available vaccines are partially effective, and
only a small part of the entire population is actually vacci-
nated) also appears to support this theory. Indeed, over the
S-year period in which this study was carried out, L. garvieae
capsular (and clonal) stability was preserved in endemic areas,
and there were no variations in this major virulence factor (3)
involved in resistance to opsonophagocytosis (30) and in avoid-
ing complement-mediated serum killing (3). In contrast, sero-
type heterogeneity (which correlates with clonal diversity)
characterizes sites where the organism has been introduced
only recently, the disease is still sporadic, and the pathogen is
still adapting to its new niche (France).
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