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LABORATORY STUDY

DNA relatedness and serotyping of Leptospira strains

Awad-Masalmeh M!, Resch G'2, Bakoss P3, Jarekova J?

Comenius University, Medical Faculty, Department of Epidemiology, Bratislava, Slovakia.
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Abstract: Background: In a previous study (5), the constructed phylogenetic tree for leptospires belonging to
12 different serovars common in Central Europe made the prediction of serovar from knowing the genotype
and vice versa possible.

Objective: The study was aimed at investigation of the usefulness of such procedure to distinguish in between
at present to us available and worldwide accepted reference strains of pathogenic Leptospira serovars.
Material and methods: One hundred and seventy seven Leptospira strains representing different serovars were
tested. DNA fingerprints of these strains were performed, digitally captured and as described earlier of those
phylogenetic tree using different fingerptinting software was constructed using UPGMA clustering method with
band matching by the Dice coefficient (5).

Results: At this tree, 145 of 177 Leptospira strains tested each took a unique position, and the remaining 32
strains were distributed at 15 different positions (each of 14 positions taken by two different strains and one
position taken by four strains).

Conclusion: The constructed phylogenetic tree likely to be very useful in prediction of Leptospira serovar in most
cases of an infection so the saving time and being helpful in serovar identification of the pathogenic agent (Fig. 1,

Ref. 9). Full Text in PDF www.elis.sk.
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For diagnostic and epidemiological purposes in cases of in-
fections caused by leptospires in man or animals, rapid identifica-
tion of the serovar of leptospires involved is often necessary (1,
2). DNA fingerprinting was found to be useful in distinguishing
of limited number of Leptospira strains (3, 4). In a former study,
depending on RAPD-fingerprinting of leptospires encountered in
Central Europe, the constructed phylogenetic tree was found to
be a useful and reliable method to differentiate between strains of
leptospires belonging to distinct serovars/serogroups and it also
made the prediction of the serotype from knowing the genotype
and vice versa possible (5).
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Therefore it was of interest to examine the usefulness of such
procedure to distinguish in between at present to us available
and as reference strains of Leptospira serovars worldwide in use.

Materials and methods

Leptospira strains (Fig. 1). By the Subcommittee on the Tax-
onomy of Leptospira recognized reference strains representing
177 pathogenic Leptospira serovars belonging to 23 serologi-
cal groups (6) were used. The strains were grown in Korthof’s
or Ellighausen-McCullough-Johnson-Harris liquid media (Difco
laboratories, Detroit, MI, USA), namely serogroup Sejroe — 18
serovars, Tarassovi — 16, Javanica — 13, Pyrogenes — 13, Ictero-
haemorrhagiae — 12, Hebdomadis — 12, Canicola — 12, Australis
— 11, Autumnalis — 11, Bataviae — 8, Grippotyphosa — 8, Mini — 7,
Ballum, — 5, Sarmin — 5, Celledoni — 4, Shermani — 4, Pomona — 3,
Djasiman — 3, Panama — 3, Louisiana — 3, Cynopteri — 2, Manhao
— 2, Ranarum — 2). The reference strains belong to 9 genomospe-
cies (weilii, borgpetersenii, santarosai, interrogans, inadai, mey-
eri, kirschneri, noguchii and genomospecies 2 (7).

DNA- exraction by DNeasy® Tissue Kit (QTAGEN Gmbh,
Hilden, Germany) was performed. Amount of DNA measured by
Dyna Quant 200 Fluorometer (Hoefer, Inc., San Francisco, CA,
USA). RAPD testing using the primer O5 5'-AGGGGTCTTG-3’
synthesized by VBC- Biotech Service GmbH (Vienna, Austria),
Ready-To-Go™ Analysis Beads [Amersham Biosciences / GE
Healthcare)]. All amplification reactions were performed in a
PerkinElmer Cycler 9600 (Norwalk, USA) under the amplifica-
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Dicn (T 0.9%-0.9%) (H50.0% $500%) 0.0%-1000%]
LEPTO 05

L. .. ... . . gserovar Strain Serogroup Genomospecies
. 585 ° 8 %
Menrun A102 Javanica L. weilii
Whicor Whicor Colidoni L. orgosterson
Anhoa LT90-68 Celledoni L. borgpetersenii
Jules Jules ‘Hebdomadis L. borgpetersenii
Hekou H27 Mini L. weilii
Mengdeng M 6906 Celledoni L. weili
Longuan L573 Hebdomadis L. weilii
Worsfoldi Worsfold Hebdomadis L. borgpetersenii
Cou cox Jovarica L wail
Vughia LT89-68 Tarassovi L. weilii
Sarmin Sarmin Sarmin L. weilii
Tabaquite TRVL 3214 Mini L. santarosai
Trinidad TRVL 34056 Sejroe L. santarosai
Navet TRVL 109873 Tarasso L. santrosa
Canalzonae cz188 Grippotyphosa L. interrogans
Guariora Bov.G Seioe L. santrosa
Georgia LT 117 Mini L. santarosai
Fluminense Aa3 Javanica L. santarosai
Rio Rr5 Sarmin L. santarosai
Borincana HS 622 Hebdomadis L. santarosai
Tingomaria M Cynopten L. santrosa
Varela 1019 Pyrogenes L. santarosai
— Weaveri CZ 390 Sarmin L. santarosai
Caribe TRVL 61866 Sejroe L. santarosai
Maru CZ 285 Hebdomadis. L. santarosai
Atchafalaya LsU 1013 Tarassovi L. santarosai
‘Shermani 1342K ‘Shermani L. santarosai
Baker e Tarasso L. santrosa
Kobbe Cz 320 Bataviae L. santarosai
Balboa 735U Bataviae L. santarosai
Chagres 1913K Tarassovi L. santarosai
Rama 316 Tarassovi L. santarosai
Bravo eravo Tarasso L. santrosa
Darien 637K Tarassovi L. santarosai
Luis M6 Shermani L. santarosai
Beye 1537 U Mini L. santarosai
‘Sanmartini CT63 Hebdomadis L. santarosai
Rioja MR 12 Bataviae L. santarosai
Babudieri Cl 40 ‘Shermani L. santarosai
Princestown TRVL 112499 Pyrogenes L. santarosai
Gorgas 14130 Sejroe L. santarosai
Aguaruna MW 4 ‘Shermani L. inadai
Machiguenga MMD 3 Sarmin L. santarosai
Kaup LT64-68 Tarassovi L. inadai
E Wastarin LTe3-68 Sarmin L. intemogans
Manilae LT 398 Pyrogenes L. interrogans.
Dehong De 10 Javanica L. borgpetersenii
Javanica Veldrat Batavia 46~ Javanica L. borgpetersenii
Sofia Sofia 874 Javanica L. meyeri
Menori Kersla Jovarica L. orgpeterson
Celledoni Celledoni Celledoni L. weilii
Zhenkang L82 Javanica L. borgpetersenii
Poi Poi Javanica L. borgpetersenii
Sorexjalna Sorex Jalna Javanica L. borgpetersenii
| Kenana Kanara Tarasso L. orgpaterson
Kenya Njenga Ballum L. borgpetersenii
Abarea Adhorea Batlm L. orgpatersen
Istrica Bratislava Sejroe L. borgpetersenii
Yaan 80-27 Javanica L. borgpetersenii
Nona Nona Hebdomadis L. borgpetersenii
Kisuba Kisuba Tarassovi L. borgpetersenii
Sejroe M84 Sejroe L. borgpetersenii
Ballum Mus 127 Ballum L. borgpetersenii
Dikkeni Mannuthi Sejroe L. borgpetersenii
‘Guangdong 1853 Ballum L. borgpetersenii
Mini Sari Mini L. borgpetersenii
Poonca 493 Poang Sefoe L. orgpetersen
Saxkoebing Mus 24 Sejroe L. interrogans
— Peroltin Tarsssn L. borgpetersen
Nyanza Kibos Sejroe L. borgpetersenii
Tunis P2/65 Tarassovi L. borgpetersenii
Gengma M48 Tarassovi L. borgpetersenii
Balcanica 1627 Burgas Sejroe L. borgpetersenii
Guidae RP 29 Tarassovi L. borgpetersenii
Hamptoni Hampton Pyrogenes L. borgpetersenii
Ranarum ICF Ranarum L. meyeri
Kwale Julu Pyrogenes L. borgpetersenii
Manzhuang A2 Hebdomadis Genomospecies 2
Vengia Ao Javaica Gonomosperies 2
Lichuan Li 130 Manhao L. inadai
Brasiliensis An 776 Bataviae L. santarosai
Ceylonica Piyasena Javanica L. borgpetersenii
Grippotyphosa Moskva V Grippotyphosa L. kirschneri
Vanderhooceni  Kipod 176 criopophosa L krschner
Djatzi HS 26 Bataviae L. kirschneri
Bafani Bafani Canicola L. kirschneri
L. kirschneri
Ndambari Ndambari Icterohaemorrhagiae L. kirschneri

continued
1‘: Erinaceiaurit Erinaceus auritus 670 Autumnalis L. Kirschneri
Mwogolo Mwogolo Icterohaemorthagiae L. inferrogans
Gattoni LT 1014 Canicola L. kirschneri
Kabura Kabura Hebdomadis L. kirschneri
Mozdok s621 Pomona L. kirschneri
Kambale Kambale Hebdomadis L. kirschneri
Lambuwe Lambuwe Autumnalis L. kirschneri
Butembo Butembo Autumnalis L. kirschneri
Lanka R 740 Louisiana L. interrogans
Perameles Bandicoot 343 Mini L. meyeri
Bulgarica Nicolaevo Autumnalis L. kirschneri
Ramisi Musa Australs L. kirschneri
Dakota Grand River Icterohaemorthagiae L. kirschneri
Gem Simon Icterohaemorthagiae L. interrogans
Kremastos Kremastos Hebdomadis L. interrogans
Szwajizak Szwajizak Mini L. interrogans
Camio LT64-67 Pyrogenes L. interrogans
Zanoni Zanoni Pyrogenes L. interrogans
Evansi 2671348 Ranarum L. interrogans
Roumanica LM 204 Seifoe L. interrogans
Wolff 3705 Sejroe L. interrogans
Mooris Moores Autumnalis L. interrogans
Dukuo 83194 Canicola L. interrogans
Liangguang 1880 Grippotyphosa L. interrogans
Ratnapura Wumalasena Grippotyphosa L. kirschneri
Valbuzzi Valbuzzi Grippotyphosa L. interrogans
Lai Lai Icterohaemorthagiae L. interrogans
Haemolytica Marsh Seioe L. interrogans
M N Mankarso Mankarso Icterohaemorrhagiae L. interrogans
Australis Balico Australis L. interrogans
Jonsis Jones Canicola L. interrogans
Bataviae Swart Bataviae L. interrogans??
Autumnalis Akiyami A Autumnalis L. interrogans
Hardjo Hardjobovis Sejroe L. borgpetersenii
Hardio Hardjopraiitno Seioe L. borgpetersenii
Mueleri RM2 Grippotyphosa
Broomi Patane Canicola L. interrogans
Icterohaemorhagiae RGA Icterohaemorthagiae L. inferrogans
Birkini Birkin Icterohaemorthagiae L. interrogans
Biggis Biggs Pyrogenes L. interrogans
Abramis Abraham Pyrogenes L. interrogans
L Robinsoni Robinson Pyrogenes L. interrogans
Malaya He Canicola L. inadai
Rachmati Rachmat Autumnalis L. interrogans
Benjamini Benjamin Canicola L. interrogans
Paidjan Paidjan Bataviae L. interrogans
_ Bindjei Bindjei Canicola L. interrogans
Djasiman Djasiman Djasiman L. interrogans
L] Gurungi Gurung Djasiman L. interrogans
Copenhageni M20 Icterohaemorthagiae L. inferrogans
Geyaweera Geyaweera Sejroe L. interrogans
Weerasinghe Weerasinghe Autumnalis L. interrogans
Schueffneri Vieermuis 90 C Canicola L. interrogans
d Canicola Hond Utrecht IV Canicola L. interrogans
L Tonkini LT96-68 Icterohaemorthagiae L. borgpeterseni
Smithi Smith Icterohaemorthagiae L. interrogans
Alice Alice Autumnalis L. santarosai
Portiandvere MY 1039 Canicola L. interrogans
Pyrogenes Salinem Pyrogenes L. interrogans
Sumneri Sumner Canicola L. interrogans
L Fugs Fudge Australs L. interrogans
Jalna Jalnd Australis L. interrogans
Bratislava Joz Bratisiava Australs L. interrogans
Lora Lora Australis L. interrogans
Muenchen Minchen C 80 Australs L. interrogans
Pomona Pomona Pomona L. interrogans
Hebdomadis Hebdomadis Hebdomadis L. interrogans
Medanensis Hond HC Sejroe L. interrogans
Guaratuba An7705 Pyrogenes L. interrogans
L Hawan LT62-68 Australs L. interrogans
Huanuco Ma Grippotyphosa
Peruviana vaz Australis L. noguchii
Fortbragg Fort Bragg Autumnalis L. noguhii
Srebama 1409169 Autumnalis L. borgpetersenii
Nicaragua 1011 Australs L. noguchii
Castellonis Castellon 3 Ballum L. borgpetersenii
Cristobali 1096 K Panama L. noguchii
Argentiniensis Peludo Bataviae L. noguhii
Proschimys 161U Pomona L. noguchii
Louisiana LsU 1045 Louisiana L. noguchii
Orleans LsU 2580 Louisiana L. noguchii
L Qingshui L10s Manhao L. weil
Myocastoris LsU 1551 Pyrogenes L. noguchii
Mangus TRVL/ CAREC 137774 Panama L. inadai
Panama cz214 Panama L. noguchii
Pina LTe32 Australis L. borgpetersenii
Mogdeni Compton 746 Tarassovi L. weil
Huallaga M7 Djasiman L. noguchii

Fig. 1. DNA relatedness among reference strains recognized by the Subcommittee on the Taxonomy of Leptospira which represent 177 serovars

of leptospires. Figure is shown on the website www.elis.sk

tion conditions recommended by Williams et al.(1990) (8) PCR-
products were resolved by electrophoresis (100V/75 min. Bio-Rad
castgel) using 2.5 % agarose (Ultra pure probe Agarose, Bio-Rad
Laboratories, Inc., Hercules, CA, USA), stained with ethidium
bromide and photographed; the digitally captured profiles were
analysed using the Gel Doc™ 2000 system in combination with
Quantity One® Software (Bio-Rad). To achieve reproducible DNA
fingerprints, the GeneRuler™ 100bp DNA ladder Plus, #SM0323
(Fermentas UAB, Vilnius, Lithuania) was applied to the outer lanes
and, normally, also to three intermediate lanes of each agarose gel.

Phylogenetic analysis of the DNA-fingerprints was performed
with the Bio-Rad Fingerprinting™ Il software package. The phylo-
genetic tree was constructed by the complete linkage using the UP-
GMA clustering method with band matching by the Dice coefficient.

All steps were performed as described earlier (5, 9).

Results

The constructed phylogenetic tree of this study allowed to
distinguish between the serovars of leptospires tested, except 14
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pairs of these, namely Bakeri and Kobbe, Dehong and Javanica,
Kanama and Kenya, Istrica and Yaan, Grippotyphosa and Van-
derhoedeni, Ndahambukuje and Ndambari, Australis and Jonsis,
Hardjoprajitno and Hardjobovis, Malaya and Rachmati, Benjamini
and Paidjan, Bindjei and Djasiman, Gurungi and Copenhageni, and
Weerasinghe, Fortbragg and Srebarna Bratislava, and the tetrad
(group of four) Jalna, Bratislava, Lora, Muenchen which took the
same position at the tree. Nine pairs of the 14, each of them belong
to different serogroups, while the remaining 5 pairs each of their
member contains serovar of the same serogroup.

Nevertheless, some but not all Leptospira serovars of certains
serogroups are sufficiently related to one another in order to form
more or less apparent clusters. For example: serovars Istrica, Se-
jroe, Dikkeni, Polonica, Saxkoebing (serogroup Sejroe), serovars
Atchafalaya, Bakeri, Chagres, Rama, Bravo, Darien (serogroup
Tarassovi), serovars Dehong, Javanica, Sofia, Menoni, Zhenkang,
Poi, Sorexjalna (serogroup Javanica) or serovars Jalna, Bratislava,
Lora and Muenchen (serogroup Australis). It is noteworthy that
some mentioned clusters encompass also serovars of other sero-
groups (serogroups Sejroe, Tarassovi).

Discussion

As described earlier (5), based on comparison of digitally cap-
tured and analysed RAPD- fingerprints of each of the 177 serovars
of leptospires of this study using different computer programs the
presented phylogenetic tree was constructed.

Of these worldwide as reference strains of leptospires in use,
145 serovars, each took a unique position at the mentioned tree
and remained distinguishable. The correspondence between the
position at the tree (genotype) and serotype of each of mentioned
serovars of leptospires make in this cases the estimation of sero-
type from the genotype and vice versa possible.

These observations enhance and shorten the time of identifi-
cation of isolates of leptospires involved in outbreaks what is of
significant epidemiological and public health value.

In contrast to the distinguishable serovars of leptospires tested,
the remaining 32 strains were distributed at 15 different positions,
14 of these each contain two serovars (the members of 9 pairs be-
long to different serogroups); in the case of five pairs each strain
is member of the same groups) and position 15 occupied by four
serovars belonging to the same serogroup.

Nevertheless, the constructed tree of this study is likely to be a
useful tool in aiding rapid identification of each of the majority of
Leptospira tested and to be helpful to estimate the member of un-
distinguishable pair or tetrad of these and so limiting further inves-
tigations necessary to find out which serovar involved in infection.
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The constructed phylogenetic tree in this study does at least
identify each of the majority of the reference serovars tested and
to divide the remaining ones in pairs and in one tetrad. Additional
genotyping of the later mentioned, at the phylogenetic tree not
separated serovars is needed.

No correlation between the distribution of serovar and geno-
motype was found in agreement with results obtained by DNA
— DNA hybridization performed some years ago (9). In spite of
that, the constructed phylogenetic tree will be a very useful tool
in prediction of at least the Leptospira serovar in most cases of
leptospiral infection and so save the time and be very helpful for
serological diagnostics.

References

1. Gerritsen MA, Smith MA, Olyhoek T. Amplified polymorphic finger-
printing for rapid identification of leptospires of serogroup Sejroe. J Med
Microbiol 1995; 42: 336-339.

2. Ramadass P, Latha D, Senthilkumar A, Srinivasan P, Saranya N.
Arbitrary primed PCR: a rapid and simple method for typing of leptospiral
serovars. Indian J Med Microbiol 2002; 20: 25-28.

3. Brown PD, Levett PN. Differentiation of Leptospira species and se-
rovars by PCR-restriction endonuclease analysis, arbitrarily primed PCR
and low-stringency PCR. J Med Microbiol 1997; 46: 173—181.

4. Corney BG, Colley J, Graham GC. Simplified analysis of pathogenic
leptospiral serovars by random amplified polymorphic DNA fingerprint-
ing. J Med Microbiol 1997; 46: 927-932.

5. Resch G, Awad-Masalmeh M, Bakoss P, Jarekova J. Utility of phy-
logenetic studies in the identification of Leptospira strains. Epidemiol
Infect 2007;135: 1266-1273.

6. Kmety E, Dikken H. Classification of the species Leptospira interro-
gans and history of its serovars. Groningen, Netherlands: University of
Groningen, 1993, 104 p.

7. Brenner DJ, Kaufmann AF, Sulzer KR, Steigerwalt AG, Rogers
FC, Weyant RS. Further determination of DNA relatedness between se-
rogroups and serovars in the family Leptospiraceae with a proposal for
Leptospira alexanderi sp. nov. and four new Leptospira genomospecies.
Int J System Bacteriol 1999; 49: 839-858.

8. Williams JG, Kubelik AR, Livak KJ, Rafalski JA, Tingey SV. DNA
polymorphisms amplified by arbitrary primers are useful as genetic mark-
ers. Nucleic Acid Res 1990; 18: 6531-6535.

9. Awad-Masalmeh M, Hussein A, El Magbul S, Fiirst W, Kmety E,
Bakoss P. PCR methods to distinguish saprophytic and pathogenic Lepto-
spira strains. Biologia (Bratislava) 2002; 57: 1-7.

Received June 1, 2010.
Accepted December 18, 2011.



