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Refet~ence Strains for each of the 23 serogroups of Leptospira interrogans yielded different pulsed-field gel
electrophoresis patterns of Notl digestion products. This was also the case for the 14 serovars belonging to
serogroup Icterohaemorrhagiae (with one exception). The Notl restriction patterns of 45 clinical leptospiral
isolates belonging to serovair icterohaemorrhagiae were analyzed and compared with those of type strains. No
differences were observed between' isolates from countries of different continents, namely, France, French
Guiana, New Caledonia, and Tahiti. The pattern was indistinguishable from that of the reference strain of
serovar icterohaemorrhag'iae.

Leptospirosis, caused by Leptospira interrogans, is a as belonging to serovar icterohaemorrhagiae were compared
zooanthroponose which has a worldwide distribution. L. with those of s'ero''group reference strains and serovars of the
interrogans is an immunologically diverse species, in which Icterohaemhorrhagiae serogroup. Surprisingly, the patterns
antigenically related serovars constitute serogroups (15). In of the low-passage isolates from different parts of the world
total, 202 serovars distributed in 23 serogroups have been were identical. Furthermore, they were indistinguishable
described, (19). The sero'var icterohaemorrhagiae is found from the pattern of the icterohaemorrhagiae serovar refer-
worldwide and causes the most severe disease. Recently, ence strain.
Yasuda 0-t al. demonstrated by genomic DNA-DNA hybrid-
ization that the different strains of L. interrogans constitute MATERIALS AND METHODS
not one but at least six distinct species (37).
The diagnosis of leptospirosis usually depends upon the Bceilsrisadmda oa f3 ihypsae

demonstration of serum antibodies. The serological method BceilstrainsoL.iergans frmedthe Ntional Referencehl Centere
of choice is the microagluttination test (MAT) (9). An ColetrinsofLinwereoastde (rmTabe 1).Thoaeserinclue Cether2
accuateiagnsisofifecton my aditinall reqire reference strains of each serogroup of L. interrogans and the

direct demonstration of the presence of L. interrogans in 1 eoaso eoru ceoamrhga.Fryfv
tisuesblodorrin. Tis s ahieed y cltuingthe clinical isolates from France, French Guiana, New Cale-

organism and then subjecting it to immunological tech- donia, and Tahiti (isolated from blood, cerebrospinal fluid,
niques. The identification of an unknown strain at the and urine) were used at passage 10 or lower. In vitro passage
serovar level is tedious, requining the maintenance of refer- is necessary and requires 3 to 20 days.
ence strains and their corresponding rabbit-immune sera (6), Each strain was grown in 25 ml of EMJH medium (7, 16)
and takes at least 2 months. at 300C with shaking, and growth was, verified by counting in
To overcome these difficulties in the characterization of L. aPtofHusrcabr h il a ewe 0

interrogans strains, DNA-based techniques have been stud- an 2.5txoio-as' clls ber.ml.
il wsbtee 0

ied. For the detection of L. interrogans in biological sam- adNA5 0exrction, penzymelietoan.FLAPG
ple,rstrctinedonclesetecniqes 8, 3, 2, 3, 7, instrument from Pharmacia LKB (Uppsala, Sweden) with a

30, 32-34) and nucleic acid probes (14, 25, 26, 31, 35, 38, 39) hxgnlectoearywsud(Puspo205.Nt
have been utilized. However, the published methods have wapucsefrmA rhm.Rtitonnlysad
shortcomings. Digestion of chromosomal DNA with restric- elepucthoresi fofmnst lyesedm celstrcwonasnperorme asd
tioenonuleaesfte yildshunred oreve thusads described previously (2) (DNA from 1.5 x 108 to 20 x 108

of fragments, and differentiation between resulting electro- cel a oddprln) w ifrn us tie0 nbe

specific probes provides a specific and simpler banding interrogans serovars: a 25-s pulse gave optimal separation of
pattern, but the method is cumbersome and unsuitable for the medium-sized fragments (70 to 400 kb), while a pulse
routineapplication. ~~~~~~setting of 100 s gave optimal separation of 'the largest Notl
Pulsed-fie-ld agarose gel electrophoresis (PFGE) of large famns salapormwsue obnn he

DNz famentofes productaed by rare-cuttingerrestrition enm- pulse times (30, 60, and 120 s or 10, 25, and 50 s). The sizes
zymsoferthadantge f asimle ntepreatin cm- of the DNA fragments were estimated by comparison of

bined with a rapid result. The genome 'size of L. interrogans band mobilities with concatemerized K bacteriophage ge-
was estimated at 5,000 kb by using PFGE after restriction noe(teszofheXM19udwa485k(2]ad
wittheeiffrenenonuleaesandthepaternof ach Saccharomyces cerevisiae chromosomes (Bio-Rad Labora-
ofththreservarsnalyed wa diferent(3).tories, Richmond, Calif.) (2,200, 1,600, 1,125, 1,020, 945,
In experiments described in this paper, the VNotl res.tric- 850, 800, 770, 1700, 63,Vco580,4601,370, 20,ndt 245 kb). To
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TABLE 1. List of L. interrogans strains (reference type strains or reported strains)

Serogroup Serovar Strain Genomnic species'~

Icterohaemorrhagiae icterohaemorrhagiae RGA L. interrogans
Icterohaemorrhagiae copenhageni M 20 L. interrogans
Icterohaemorrhagiae gem Simon L. interrogans
Icterohaemorrhagiae mankarso Mankarso L. interroganSb
Icterohaemorrhagiae naam Naam L. interroganSb
Icterohaemorrhagiae smithi Smith L. interrogansb
Icterohaemorrhagiae birkini Birkin L. interroganSb
Icterohaemorrhagiae tonkini LT 96-68
Icterohaemorrhagiae lai Lai
Icterohaemorrhagiae dakota Grand River
Australis australis Ballico L. interrogans
Autumnalis autumnalis Akiyami A L. interrogans
Bataviae bataviae Van Tienen L. interrogans
Canicola canicola Hond Utrecht IV L. interrogans
Djasiman djasiman Djasiman L. interrogans
Hebdomadis hebdomadis Hebdomadis L. interrogans
Pomona pomona Pomona L. interrogans
Pyrogenes pyrogenes Salinem L. interrogans
Javanica javanica Veldrat Batavia 46 L. borgpetersenii
Mini mini Sari L. borgpetersenii
Sejroe sejroe M 84 L. borgpetersenii
Tarassovi tarassovi Perepelycin L. borgpetersenii
Ballum ballum Mus 127 L. borgpetersenii
Manhao manhao 2 L 105 L. borgpetersenii
Panama panama CZ 214 L. noguchii
Louisiana louisiana LSU 1945 L. nogychii
Celledoni celledoni Celledoni L. wejili
Sarmin sarmin Sarmin L. wediji
Shermani shermani 1342 K L. santarosaid
Cynopteri cynopteri 3522 C L. aistonib
Grippotyphosa grippotyphosa Moskva V L. aistonib
Icterohaemorrhagiae ndambari Ndambari L. aistonib
Icterohaemorrhagiae ndahambukuje Ndahambukuje L. aistonib
Icterohaemorrhagiae mWogolo MWogolo L. aistonib
Icterohaemorrhagiae, bogvere Bogvere L. aistonib
Ranarum ranarum ICE L. meyeri

a As defined by Yasuda et al. (37).
b Reported by Kaufmann (17a).

-, not determined.
d The strain used was not the reference strain.
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TABLE 2. Nod fragment sizes from 23 Leptospira serogroup reference strains'

Autumnalis, Australis, Bataviae, Canicola, Hebdomadis, Pomona, Pyrogenes, Icterohaemorrhagiae, Diasiman, Cynopteri, Grippotyphosa,
autumnalis, australis, bataviae, canicola, Hond hebdomadis, pomona, pyrogenes, icterohaemorrhagiae, diasiman, cynopteri, grippotyphosa,
Akiyama A Ballico Van Tienen Utrecht IV Hebdomadis Pomona Salinem RGA Djasiman 3522 C Moskva V

1,840 1,840 1,720 2,500 1,600 1,700
1,250 1,300
850 940 940 830 1,050 1,000

760 775 770
700 685 685

630 630 630 660
605 605

480
420 435 445 445 450

400 405 395 400 405* 395* 420 410
370 370 365 370 400 390
340 355 355 340 330 320 335 340 340

315 315 315* 300 300 320 320
280* 285* 285 285* 290 300

270 280
260 250 245 245 245 265
220 220 230* 225 225 235

200 205 200
195 185 190 180

185 175*
170 170

165* 165 160*
155* 150 150* 150 145

145 145 145 145* 140

135
110 115 115 115

100 100
95 90 90*

85 80 85* 80 80
70 70

50 50 50*
40 40

30

4,890 5,445 5,025 5,130 5,040 4,930 5,340 5,085 4,610 4,645 5,165
a For each restriction fragment, the size (kb) was calculated from data of several gels run at six different pulse times (1, 10, 25, 50, 100, and 200 s) by using

digests of low-concentration DNA preparations. An asterisk (*) indicates a doublet. The bottom numbers refer to estimated genome sizes. Column headings
indicated serogroup, serovar, and strain.

gels run at different pulse times, and then the total of the adsorption with adequate amounts of heterologous antigen,
fragments was summed. 10% or more of the homologous titer regularly remained in at

Identification of serovars by the MAT q1pd a cross-adsorp- least one of the two antisera in repeated tests ()
tion test. Identification of L. interrogans strains was based
on serological criteria defined by the MAT used in across-REUT
adsorption procedure (9). The MAT consists of evaluatinginREUT
dark-field illumination the agglutination of an L. interrogans NotI restriction patterns specific to each serovar. Intact
culture (2 x 108 bacteria) by an equal volume of hyperim- genomic DNA from 37 L. interrogans strains from the
mune reference serum (obtained in a rabbit) at increasing Pasteur Institute collection (Table 1) was digested with NotI,
dilutions and is done routinely in our reference laboratory. a restriction endonuclease previously found to digest L.

Serological typing thus entailed an initial screening of the interrogans infrequently (3), and submitted to PFGE. The
isolate with a group of 23 selected antisera (group sera) Notl DNA restriction patterns of the 23 serogroup reference
encompassing most of the known cross-reactions and served strains of the pathogenic species were all different, providing
to determine serogroup affinities. The isolate was then tested a reliable identification for each reference strain (Fig. 1).
with antisera to different serovars, which made up one or Furthermore, within the serogroup Icterohaemorrhagiae,
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TABLE 2-Continued

Panama, Louisiana, Javanica, Sejroe, Tarrassovi, Ballum, Mini, Celledoni, Sarmin, Shermani, Ranarum, Manhao,
panama, louisiana, javanica, sejroe, tarrassovi, ballum, mini, celledoni, sarmin, shermani, ranarum, manhao 2,
CZ 214 LSU 1945 Veldrat Batavia 46 M 84 Perepelicyn Mus 127 Sari Celledoni Sarmin 1342 K ICF L 105

1,205

800 735
655 670 700 650 770

630
540 530 540* 500 505 500 505 540

460 480 490 450 455
425 435* 455* 440
400 405 420 400 400 395 385 360

370 370 370 375 340 350
360* 350 320 305

335 330 335* 345 280 275
300 320 300 240 255*
270 280 225 245

265 255 200 255 170 230*
240* 240 250 245* 245* 245 190 240* 120* 210*

225 235* 225 230 180* 110 180*
205 215* 210 225 170* 100*

205 195 200* 195* 200* 200 210* 160 190 95* 150*
180 185 195* 150 180 85

175 175* 175 175* 175 140 175 75* 145
165 165* 170* 170 150 130 145 70* 120*

160 150* 160 150 130* 120* 135 65*
140 145 120* 115* 130* 55 110
130 130 125* 130* 130 110 105* 120* 50 105
125 120 115* 125* 100 85* 105 45 95
120 110 105* 110* 115 90* 80 100* 40 75*

105 100* 105 95 100 100 80* 75 85 30* 70*
85 80 85 85 90 90 85 70 70 80* 27* 55

75 70 70 60 65 75 26* 50*
65 65 60 60* 55 60* 65* 24 40*

50* 50 50 50 55* 45 50* 55 60 23 30
45 40 40* 40 40 40* 50* 40 22
35 30 30* 40* 35 20

25 25* 30 25 25 25* 25 17
20 15 20 20 20 20 15

10 11
5,350 5,235 4,855 4,720 4,875 5,010 4,465 4,925 4,365 4,540 3,848 4,655

this method within a serogroup, we chose all of the clinical DISCUSSION
isolates available to us from the clinically most important
serovar, i.e., icterohaemorrhagiae. The Notl restriction pat- Analysis of the NotI restriction patterns of L. interrogans
terns of 45 clinical isolates from human patients (43 isolates) DNA by PFGE allowed us to differentiate between each
and animals (2 isolates) in France (5 isolates), French Guiana serogroup reference strain. Each of the 23 serogroup refer-
(1 isolate), New Caledonia (33 isolates), and Tahiti (7 iso- ence strains possesses a unique profile which can be consid-
lates) and identified by the MAT as belonging to serovar ered as a specific genomic fingerprint (Fig. 1 and Table 2).
icterohaemorrhagiae were compared with those of each Furthermore, our results suggest that there are major genetic
serovar of serogroup Icterohaemorrhaghiae. The NotI re- differences among serovars within a serogroup. Each of the
striction patterns for all 45 strains were identical to that of 14 serovars belonging to serogroup Icterohaemorrhagiae has
the reference strain. An example is shown in Fig. 3. its own specific fingerprint apart from the two serovars,

Size of the L. interrogans genome. For each reference strain icterohaemorrhagiae and copenhageni (Fig. 2), which are
representative of a serogroup, and for each serovar of the very difficult to distinguish by serological methods (20) and
Icterohaemorrhaghiae serogroup, the minimum genome size which have identical PFGE Notl restriction profiles. These
was determined. The values are all between 3,850 kb (sero- two serovars have been reported previously to have identical
var ranarum strain ICF) and 5,450 kb (serovar australis EcoRI or other endonuclease restriction patterns (28, 34) and
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a(Kb) L 12 34 5 67 89 10 1)12 13 S(Kb) a
kd 1 2 34 556 7 8
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300--70
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-370

100- 29000
-290~~~~ ~~~~~~~~~~~~ ~2650

FIG.1.PFGEofNodrestrictionfragments fromserogroup~~58
refeenc stan.Tedgsto2rdcswresprtda450V FG2.P EofNdrsiconramtsrmsevrsf
for40in1%gaose0.5xTE.ans LandS ae szemarers sergrop cteohamorhagae Th dieston rouct wee spa

(XIan S. FErevisiae, respe ictivey) (ra)gLanes 1ftom13 serovarsoaeut10Vfr40hipaaoe05xTEwt he us

autumnalis, australis, bataviae, canicola, hebdomadis, pomona, times as follows: 30 s, 13 h; 60 s, 13 h; 120 s, 14 h. (a) Lanes 2 to 8,
pyrogenes, icterohaemorrhagiae, djasiman, cynopteri, grippoty- serovars icterohaemorrhagiae, copenhageni, lai, ndambari, bogvere,
phosa, panama, and louisiana, respectively. The three pulse times ndahambukuje, and mwogolo, respectively. Lane 1, size markers
were as follows: 30 s, 13 h; 60 s, 13 h; 120 s, 14 h. (b) Lanes i to 10, (X. (b) Lanes 1 to 7, serovars gem, tonkini, dakota, mankarso,
serovarsjavanica, sejroe, tarassovi, ballum, mini, celledoni, sarmin, naam, smithi, and birkini, respectively. Lane 8, size markers (S.
shermani, ranarum, and manhao, respectively. The three pulse cerevisiae).
times were as follows: 10 s, 8 h; 25 s, 12 h; 50 s, 16 h.

certain bacterial populations (21). For example, strains of
clinical isolates of human or animal origin available from Mycobacterium Ieprae isolated from three different conti-
different endemic countries, identified by classical methods nents have essentially identical genomes: no polymorphisms
as belonging to serovar icterohaemorraghiae, were found to were detected among restriction endonuclease digests of
be identical. The pattern corresponds to that obtained with these genomes by using various probes (5). In contrast, other
the reference strain of serovar icterohaemorrhagiae. This bacteria such as Streptomyces and Rhizobium spp. are
result suggests that very little genetic rearrangement had variable because of the presence of plasmids, insertion
occurred in nature within this serovar. Similar genomic elements, and repeated sequences (1, 4, 10-12, 17, 18). L.
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(Kb) 1 2 3 4 5 Methods in microbiology. Academic Press, Inc., New York.
7.Ellinghausen, H. C., and W. G. McCullough. 1965. Nutrition of
Leptospira pomona and growth of 13 other serotypes: fraction-
ation of oleic albumin complex and medium bovine albumin and
polysorbate 80. Am. J. Vet. Res. 26:45-51.

8.Ellis, W. A., J. M. Montgomery, and A. B. Thiermann. 1991.
1600- Restriction endonuclease analysis as a taxonomic tool in the

study of pigs isolates belonging to the Australis serogroup of
1125- ~~~~~~~~~~~~~~Leptospira ifierrgns. J. Clin. Microb. 29:957-961.

9. Faine, S. 1982. Guidelines for leptospirosis control. World
945- ~~~~~~~~~~~~~HealthOrganization, Geneva.

10. Flores, M., M. Gonzalez, A. Pardo, A. Leija, E. Martinez, D.
700- ~~~~~~~~~~~~~Romero,D. Pinero, G. Davila, and R. Palacios. 1988. Genomic
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460- 169:5782-5788.
12. Hasegawa, M., G. Hinterman, J. M. Simonet, R. Crameri, J.

370- Piret, and R. Huitter. 1985. Certain chromosomal regions in
Streptomyces glauecns tend to carry amplifications and
deletions. Mol. Gen. Genet. 200:375-384.

290- ~~~~~~~~~~~~~13.Hathaway, S. C., R. B. Marshall, T. W. A. Little, S. A. Headlam,
and P. J. Winter. 1985. Differentiation of the reference strains of
the Pomona serogroup by cross agglutination absorption and

245- restriction endonuclease analysis. Res. Vet. Sci. 39:145-150.
14. Hookey, J. V. 1990. The detection of genetic variation in

Leptospira interrgns serogroup Icterohaemorrhagiae by ribo-
somal RNA gene restriction fragment patterns. FEMS Micro-
biol. Lett. 72:329-336.

15. Johnson, R. C., and S. Famne. 1984. Family II Leptospiraceae
Hovid-Hogen1979 24AL p.6-67. In N. R. Krieg and J. G.

Holt (ed.), Bergey's manual of systematic bacteriology.
FIG. 3. PFGE of Notl restriction fragments from clinical strains 16.lJohnsoan,R.iC.,indsVGo. Harrisor.16.Dfeetaino

belonging to serovar icterohaemorrhagiae (lanes 3 to 5) compared patJhnogni .C.andsapophti Leptosirs.I96. Gifrowthiatio low
with serovar icterohaemorrhagiae reference strain RGA (lane 2).

ptoei n arpyi etsie.1 rwha o

The digestion products were separated at 150 V for 40 h in 1% 1.temperatures. J. Bacteriol. 94:27-31.
agaose0.5TEwth hre plsetims a fllos: 0 s 1 h;60 7.Kaluza, K., M. Hahn, and H. Hennecke. 1985. Repeated se-

agrse-3h10. TBE1 wih. three pulsie tmarers aS. follows:i3ase 1h6 quences similar to insertion elements clustered around the nif
s,1h;20s14.Lae 1,sizemarkrs (. ceevisae).region of the Rhizobium japonicum genome. J. Bacteriol. 162:

535-542.
17a.Kaufmann, A. F. Personal communication.

(29) and repetitive sequences (38). The current state of 18. Kinashi, H., M. Shimaji, and A. Sakal. 1987. Giant linear
knowledge about the genetics (no availability of gene trans- plasmids in Streptomyces which code for biosynthetic genes.
fer) of L. interrogans is too limited to allow us to do more Nature (London) 328:454--456.
than speculate on the answers to these questions. 19. Kmety, E., and H. Dikken. 1988. Revised list of Leptospira

serovars. University Press, Groningen, The Netherlands.
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