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Abstract 

Bovine leptospirosis causes substantial reproductive failure in cattle, mainly due to 

infections with serovar (sv) Hardjo infection. Notwithstanding, other serovars from the 

serogroup (sg) Sejroe could also have important roles in bovine leptospirosis. The 

objective was to investigate genetic diversity of serogroup Sejroe isolates obtained from 

asymptomatic cattle in the state of Rio de Janeiro, Brazil. Urine and vaginal fluid (VF) 

were collected from clinically healthy cattle immediately after slaughter. Five isolates 

were recovered and characterized (serogrouping) as belonging to sg Sejroe. Sequencing 

of rrs and secY genes further identified them as Leptospira santarosai. Analysis of secY 

sequences indicated a high level of sequence homology to sv Guaricura strains. Based on 

culture and sequence data, we inferred that other members of sg Sejroe may be important 

in bovine leptospiral infection, particularly genotypes of L. santarosai serovar Guaricura.  
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1. Introduction 

Leptospirosis causes reproductive failure in livestock worldwide, resulting in 

substantial financial losses due to infertility and abortion (Ellis, 2015). Leptospira spp., 

its etiologic agent, has a complex taxonomic classification. Serological classification 

defines serovars (sv), and serogroups (sg), whereas genotype classification defines 

genomospecies based on DNA similarity between strains (Cerqueira and Picardeau, 

2009). 

Serovar identification remains essential for epidemiological studies and for 

prevention strategies (Ellis, 2015). There is seroepidemiological evidence that serovar 

Hardjo is prevalent in cattle worldwide (Ellis, 2015; Salgado et al., 2014). Nevertheless, 

serology can only distinguish from reactions against Hardjo or other members of 

serogroup Sejroe, because it is merely reliable at a serogroup level (Picardeau, 2013). 

There are two known genotypes of sv Hardjo: Hardjoprajitno (L. interrogans) is 

mainly isolated in Europe, and Hardjobovis (L. borgpetersenii) which prevails in the 

United States (Rinehart et al., 2012). However, few studies have reported recovery of 

Hardjo in tropical regions (Aycardi et al., 1980; Feresu et al., 1999; Salgado et al, 2015). 

Only two L. interrogans Hardjoprajitno strains have been described in Brazil: strains 

Norma (Cosate et al., 2012) and 2012_OV5 (Director et al., 2014). Additionally, another 

member of the Sejroe serogroup (L. santarosai sv. Guaricura) was obtained from cattle 

and buffalo (Santa Rosa et al., 1980; Vasconcellos et al., 2001).  

There are indications that Hardjo may not be the only member of sg Sejroe 

infecting cattle under tropical conditions. Indeed, without bacteriological and molecular 

confirmation, it is not possible to understand the true frequency and the role of each 

serovar from the same serogroup. Therefore, the objective was to investigate genetic 
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diversity of serogroup Sejroe isolates obtained from asymptomatic cattle in the state of 

Rio de Janeiro, Brazil. 

 

2. Material and Methods 

From December 2013 to December 2014, a total of 200 cattle (189 females and 

11 males) were randomly selected in an abbatoir located close (130 km) to Rio de Janeiro, 

Brazil. All of these cattle were adults and originated from nearby herds. Cattle origin and 

individual history were not provided; notwithstanding, there was no particular reference 

to reproductive or sanitary problems in those herds. All cattle were considered healthy on 

ante mortem clinical examination and none had any apparent clinical signs of disease. 

Samples of urine (N=200) and vaginal fluid (VF, N=189) were collected. Urine samples 

were collected by direct puncture of the bladder, whereas VF was obtained from the 

vaginal fornix using cytology brushes (Kolplast, Itupeva, SP, Brazil).  

Immediately after collection, a few drops of urine were seeded into tubes with 

EMJH medium (DIFCO, BD, Franklin Lakes, NJ, USA), Fletcher medium (DIFCO, BD, 

Franklin Lakes, NJ, USA) and EMJH medium supplemented with an antimicrobial 

cocktail named STAFF (Chakraborty et al., 2011). Each vaginal brush was dipped into 

one tube of each medium. Tubes were maintained at room temperature and transported to 

the laboratory. Cultures were incubated at 28 °C and evaluated weekly (dark-field 

microscopy) for up to 16 wk. Filtration (0.22 µm sterile syringe filter; Millipore 

Corporation, Billerica, MA, USA) or a subculture to a new EMJH-STAFF tube was made 

if there was apparent contamination by other microorganisms. 

 Isolates were tested by Microscopic agglutination test (MAT) against a panel of 

rabbit antisera of 32 reference serovars, representing 24 serogroups (provided by Royal 

Tropical Institute - KIT, Amsterdam), as recommended (Haake and Levett, 2015). 
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Additionally, isolates with reactivity against the serogroup Sejroe were tested with rabbit 

antisera against serovar Guaricura (provided by Dr. Silvio Vasconcellos, São Paulo - 

USP, Brazil). Therefore, antisera from sg Sejroe comprised serovars Wolffi, 

Hardjoprajitno, Hardjobovis (KIT) and Guaricura (USP).  

Molecular characterization was conducted at the Unit of Biology of Spirochetes, 

Institut Pasteur, Paris, France. First, DNA was extracted from isolates using the Promega 

Wizard SV Genomic DNA Purification System® (Promega, Madison, WI, USA). 

Primers F (5′-ATGCCGATCATTTTTGCTTC-3′) and R (5′- 

CCGTCCCTTAATTTTAGACTTCTTC -3′) were used for amplification of the partial 

gene secY (Ahmed et al., 2006). The primers LA (5′-GGCGGCGCGTCTTAAACATG-

3′) and LB (5′-TTCCCCCCATTGAGCAAGATT-3′; Mérien et al., 1992) were used to 

partially amplify the rrs gene. Amplicons of partial secY gene and partial rrs gene were 

sequenced at the Genotyping of Pathogens and Public Health Platform (Institut Pasteur, 

Paris, France) according to Bourhy et al. (2013). Molecular epidemiological data were 

stored and analyzed with Bionumerics software (Version 6.5; Applied-Maths, Sint-

Martens-Latem, Belgium). A phylogenetic tree was drawn using Nearest Neighbor 

Interchanges (NNIs), and reliability of branches was evaluated by generation of 1000 

"bootstrap" replicates (Guindon et al., 2010). Deduced amino acid sequences were 

obtained on ORF Finder tool (http://www.ncbi.nlm.nih.gov/gorf/orfig.cgi) and 

alignments were performed on Clustal IX 2.1.  

 

3. Results 

 

From the 389 cultures, we obtained 11 (2.8%) isolates, seven from urine (63.6%) 

and four from VF (36.4%), all from different animals. From these, five isolates (45.5%) 
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belonged to the serogroup Sejroe (Table 1). Isolates of other serogroups (Australis, 

Autumnalis and Tarassovi) will be characterized in detail elsewhere. All of the five 

isolates were first observed on EMJH supplemented with STAFF after 2 or 3 wk of 

incubation. Three were obtained from urine, designated 2014_U76 (KP645175), 

2014_U81 (KP645176) and 2014_U140 (KP645177), and two from VF, named 

2013_VF52 (KP645174) and 2014_VF66 (KP645178). Those five isolates were 

genetically analyzed by sequencing rrs and secY partial genes.  

Genetic characterization of all five rrs gene fragments clustered isolates into a 

pathogenic group belonging to the L. santarosai genomospecies (Fig. 1). Sequencing of 

secY partial gene was conducted for a broader analysis of those five strains in relation to 

other Sejroe members recovered in Brazil and other regions (available on GenBank). Both 

isolates from VF (2013_VF52 and 2014_VF66) were identical to each other; similarly, 

2014_U140 was identical to the previously described 2013_U214 (Hamond et al., 2015), 

which was also isolated from bovine urine in the same region (Fig 2). Moreover, 

alignment of 549 bp secY DNA sequences to other strains of sg Sejroe, had few 

polymorphisms (<5%) among isolates, which are all similar to M04-98 and BovG 

Guaricura strains (Fig. 3). Based on alignment of translated sequences from the eight 

strains (five isolates, 2013_U214 and two Guaricura strains), there were no amino acid 

changes, except for one (I→V) on 2013_VF52 and 2014_VF66 strains when compared 

to the other six strains (Fig 4).  

A dendogram of partial secY analysis (Fig. 2) established three phylogenetic 

clades that facilitated distinguishing strains into genomospecies (L. borgpetersenii, L. 

interrogans and L. santarosai). Two clusters were observed within the L. santarosai 

clade. Although strains recovered from VF (2013_VF52 and 2014_VF66) were slightly 
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distinct, all strains from urine samples clustered closely to Guaricura strains (BovG and 

M04-98).   

 

4. Discussion 

 

The most important outcome of the present study was that we cultured five isolates 

serologically classified as serogroup Sejroe, all Leptospira santarosai from randomly 

sampled asymptomatic cattle. Although four of the five new strains had higher titres for 

anti-Hardjoprajtino antiserum, MAT results were only reliable on a serogroup level. 

Specifically, only the cross absorption agglutination test (CAAT) is a recommended 

method to determine sorovar as a basic taxon (Galloway and Levett, 2010). Moreover, 

anti-Guaricura antiserum was not provided by the same source (KIT), and possible 

variations regarding antiserum potency cannot be excluded.  

Serological and molecular classifications are not related; therefore, members of 

the same serogroup frequently belong to different species (Cerqueira and Picardeau, 

2009). Strains of sg Sejroe have been reported among various genomospecies, including 

L. interrogans, L. borgpetersenii (Rinehart et al., 2012) and L. santarosai (Vasconcellos 

et al., 2001). Particularly in the tropics, members of that serogroup were reported as L. 

santarosai and L. interrogans in Brazil (Director et al., 2014; Santa Rosa et al., 1980; 

Vasconcellos et al., 2001); L. santarosai in the Carribean (Green et al., 1978; Sulzer et 

al., 1982), L. borgpetersenii in Zimbabwe (Feresu et al., 1999), L. interrogans in Malaysia 

(Bahaman et al., 1990), and as L. weilii in Indonesia (Bahaman et al., 1990), what 

reinforced the high genetic diversity among members of the same serogroup.  

Interestingly, partial secY sequencing demonstrated that all obtained isolates had 

close homology to L. santarosai serovar Guaricura. In the same cluster, there were other 
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L. santarosai strains, including Recreo, Caribe and Gorgas, which were obtained from 

various rodent species in the Caribbean region; therefore, perhaps these genotypes are 

widely disseminated in Latin America. Interestingly, two isolates recovered from VF 

were grouped in a different cluster in L. santarosai clade. In silico comparison of 

translated sequences revealed only one polymorphic site resulted in an amino acid change. 

Since that mutation led to replacement of one nonpolar amino acid with another nonpolar, 

it probably did not constitute an alteration of protein structure or function (Koehl and 

Delarue, 1994).  

The low number of isolates hampered a broader epidemiological understanding of 

the role of those strains with regards to bovine leptospirosis. Regardless, it was 

remarkable that they represented genotypes of L. santarosai serovar Guaricura. Perhaps 

they are disseminated in bovines in the studied region. This was quite unexpected, since 

strains of L. interrogans serovar Hardjo are generally considered the major agents of 

bovine leptospirosis in the region. Consequently, our findings may affect diagnosis, 

prevention and control of bovine leptospirosis in the region. Diagnostic protocols 

(including serology) and vaccines are mostly based on L. interrogans sv. Hardjoprajtino 

reference strains (Rinehart et al., 2012), and its reliability for detecting and preventing 

infections caused by other members of sg Sejroe remains to be confirmed. Indeed, in a 

recent study, inclusion of the reference strain Guaricura (M04-98) as antigen for MAT 

increased its sensitivity by 6% in Brazilian herds (Sarmento et al., 2012). However, to 

our knowledge, those strains have never been tested for vaccine purposes.  

 

 

5. Conclusion 
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In conclusion, although it is clear that the main agents of bovine leptospirosis 

worldwide belong to serogroup Sejroe, that serogroup is distributed among various 

leptospiral species and genotypes. Thus, it is possible to suggest that not only sv Hardjo, 

but also other members of sg Sejroe, particularly genotypes of L. santarosai serovar 

Guaricura, may be disseminated in cattle in the studied region. Those findings should be 

considered in ongoing efforts to improve the diagnosis, prevention and control of bovine 

leptospirosis.  
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Table 1. Serogrouping of five leptospiral isolates obtained from urine (U) and vaginal 

fluid (VF) of cattle in the state of Rio de Janeiro, Brazil.  

Isolate Anti-Wolffi Anti-Hardjoprajitno Anti-Hardjobovis Anti-Guaricura 

2014_U76 6,400 12,800 3,200 6,400 

2014_U81 6,400 12,800 1,600 6,400 

2014_VF52 6,400 12,800 3,200 6,400 

2014_VF66 6,400 12,800 1,600 6,400 

2014_U140 800 3,200 1,600 3,200 
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Fig.1. Phylogenetic tree of leptospiral partial rrs gene sequences of reference strains and 

a set of clinical isolates from cattle (2013_U214, 2014_U76, 2014_U81, 2013_VF52, 

2014_VF66 and 2014_U140). The phylogenetic tree was drawn using the Nearest 

Neighbor Interchanges (NNIs). Reliability of the branches was validated by the 

generation of 1000 "bootstrap" replicates. Reference strains: L. santarosai sv. Recreo 

strain 380 (Opossum, Nicaragua), sv. Caribe strain TRVL61866 (Rat, Trinidad), sv. 

Guaricura strain BovG (Bovine, Brazil) and M04-98 (Water Buffalo, Brazil), sv. Gorgas 

strain 1413U (Spiny Rat, Panama), 2013_U214 (Bovine, Brazil); L. borgpetersenii sv 

Istrica strain Bratislava (Wood Mouse, Czech Republic), sv. Sejroe strain M84 (mouse, 

Denmark), sv. Hardjobovis strain JB197; L.interrogans sv. Canicola strain LT1962 

(Human, Taiwan); sv Copenhageni strain Fiocruz L1-130, sv. Hardjoprajitino (Human, 

Indonesia); and L. biflexa sv Patoc strain Patoc1.  
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 Fig.2. Phylogenetic tree of leptospiral partial secY gene sequences of reference strains 

and a set of clinical isolates from cattle (2013_U214, 2014_U76, 2014_U81, 2013_VF52, 

2014_VF66 and 2014_U140). The phylogenetic tree was drawn using the Nearest 

Neighbor Interchanges (NNIs). Reliability of the branches was validated by the 

generation of 1000 "bootstrap" replicates. Reference strains: L. santarosai sv. Recreo 

strain 380 (Opossum, Nicaragua), sv. Caribe strain TRVL61866 (Rat, Trinidad), sv. 

Guaricura strain BovG (Bovine, Brazil) and M04-98 (Water Buffalo, Brazil), sv. Gorgas 

strain 1413U (Spiny Rat, Panama), 2013_U214 (Bovine, Brazil); L. borgpetersenii sv 

Istrica strain Bratislava (Wood Mouse, Czech Republic), sv. Sejroe strain M84 (mouse, 

Denmark), sv. Hardjobovis strain JB197, sv. Ricardi strain Richardson (Human, 

Malasya), sv. Saxkoebing strain Mus24 (Wood mouse, Denmark), sv. Javanica strain 

Veldrat Batavia 46 (Field rat, Indonesia); L.interrogans sv. Hardjo strain Hardjoprajitino 

(Human, Indonesia), strain 2012_OV5 (ovine, Brazil), strain NORMA (bovine, Brazil), 

Roumanica strain TM294 (Mus musculus, Romania), Wolffi strain 3705 (Human, 

Indonesia); and L. biflexa sv Patoc strain Patoc1. 
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Fig 3. Alignment of partial secY (549 bp) amplified with primers secY – F/ secY - from a set of clinical isolates from cattle (2013_U214, 2014_U76, 

2014_U81, 2013_VF52, 2014_VF66 and 2014_U140) and sv Guaricura reference strains (M04-98 and BovG). Polymorphisms are highlighted in grey.

                            10                    20                       30                      40                       50                        60                     70                         80                       90                      100                     110 
 ===========+===========+===========+===========+===========+===========+==========+============+===========+===========+===========+ 
Bov_G ATGCCGATCATTTTTGCTTCTTCCTTGATCCTGTTCCCACAGACGATCATTCAGTGGTTGTCTTCCAGCAGCGAACAGTGGGCGGGTTGGGCGATCATTATGGACTTTTT 
2013_VF52      secY-F        TTCCTTGATCCTGTTCCCACAGACGATCATTCAGTGGTTGTCTTCCAGCAGCGAACAGTGGGCGGGTTGGGCGATCATTATGGACTTTTT 
2014_VF66                                 TTCCTTGATCCTGTTCCCACAGACGATCATTCAGTGGTTGTCTTCCAGCAGCGAACAGTGGGCGGGTTGGGCGATCATTATGGACTTTTT 
2014_U81                                                 TTCCTTGATTCTGTTCCCACAGACGATCATTCAGTGGTTGTCTTCCAGCAGCGAACAGTGGGCGGGTTGGGCGATCATTATGGACTTTTT 
M04-98    GTCCTTGATTCTGTTCCCACAGACGATCATTCAGTGGTTGTCTTCCAGCAGCGAACAGTGGGCGGGTTGGGCGATCATTATGGACTTTTT 
2013_U214           GTCCTTGATTCTGTTTCCACAGACGATCATTCAGTGGTTGTCTTCCAGCAGCGAACAGTGGGCGGGTTGGGCGATCATTATGGACTTTTT 
2014_U140                                 GTCCTTGATTCTGTTTCCACAGACGATCATTCAGTGGTTGTCTTCCAGCAGCGAACAGTGGGCGGGTTGGGCGATCATTATGGACTTTTT 
2014_U76          TTCCTTGATTCTGTTTCCACAGACGATCATTCAGTGGTTGTCTTCCAGCAGCGAACAGTGGGCGGGTTGGGCGATCATTATGGACTTTTT 

                      120                      130                    140                     150                   160                     170                 180                       190                     200                     210                            220 
 ==========+===========+===========+===========+==========+===========+==========+===========+===========+===========+==============+ 
Bov_G CAATCCGTTCTCCCAGATCTGGTATCACGCATTGTTCTACTTTGTGATCTATACTTCTTTGATTATTTTCTTCGCATACTTTTACACTGCGATTCAGTTCAACCCTGCGG 
2013_VF52 CAATCCATTCTCCCAAATCTGGTATCACGCATTGTTTTACTTCGTGATCTATACTTCATTGATCGTGTTCTTCGCATACTTTTACACTGCGATTCAGTTCAACCCTGCGG 
2014_VF66 CAATCCATTCTCCCAAATCTGGTATCACGCATTGTTTTACTTCGTGATCTATACTTCATTGATCGTGTTCTTCGCATACTTTTACACTGCGATTCAGTTCAACCCTGCGG 
2014_U81 CAATCCGTTCTCCCAGATCTGGTATCACGCATTGTTCTACTTTGTGATCTATACTTCTTTGATTATTTTCTTCGCATACTTTTACACTGCGATTCAGTTCAACCCTGCGG 
M04-98 CAATCCGTTCTCCCAGATCTGGTATCACGCATTGTTCTACTTTGTGATCTATACTTCTTTGATTATTTTCTTCGCATACTTTTACACTGCGATTCAGTTCAACCCTGCGG 
2013_U214 CAATCCGTTCTCGCAGATCTGGTATCACGCATTGTTCTACTTTGTGATCTATACTTCTTTGATTATTTTCTTCGCATACTTTTACACTGCGATTCAGTTCAACCCTGCGG 
2014_U140 CAATCCGTTCTCGCAGATCTGGTATCACGCATTGTTCTACTTTGTGATCTATACTTCTTTGATTATTTTCTTCGCATACTTTTACACTGCGATTCAGTTCAACCCTGCGG 
2014_U76 CAATCCGTTCTCGCAGATCTGGTATCACGCATTGTTCTACTTTGTGATCTATACTTCTTTGATTATTTTCTTCGCATACTTTTACACTGCGATTCAGTTCAACCCTGCGG 

                                                230                     240                       250                   260                    270                      280                       290                     300                     310                       320                    330 
                  ===========+===========+============+==========+===========+===========+============+===========+===========+============+=========+ 
Bov_G AGTTGTCCGAAAATCTGAAGAAATACGGCGGGTTCATTCCAGGTATTCGTCCCGGTTCTCACACAAAAGAATACATCGAAAAGGTGTTAAACAGAATCACACTTCCCGGC 
2013_VF52    AGTTGTCCGAAAACCTGAAGAAATACGGCGGGTTCATTCCAGGTATTCGTCCCGGTTCTCACACAAAAGAATACATCGAAAAGGTGTTAAACAGAATCACACTTCCCGGC 
2014_VF66    AGTTGTCCGAAAACCTGAAGAAATACGGCGGGTTCATTCCAGGTATTCGTCCCGGTTCTCACACAAAAGAATACATCGAAAAGGTGTTAAACAGAATCACACTTCCCGGC 
2014_U81      AGTTGTCCGAAAACCTGAAGAAATACGGCGGGTTCATTCCAGGTATTCGTCCCGGTTCTCACACAAAAGAATACATCGAAAAGGTGTTAAACAGAATCACACTTCCCGGC 
M04-98          AGTTGTCCGAAAACCTGAAGAAATACGGCGGGTTCATTCCAGGTATTCGTCCCGGTTCTCACACAAAAGAATACATCGAAAAGGTGTTAAACAGAATCACACTTCCCGGC 
2013_U214 AGTTGTCCGAAAATCTGAAGAAATACGGCGGGTTCATTCCCGGTATTCGTCCGGGTTCACACACGAAAGAATACATCGAAAAGGTGTTAAACAGAATCACTCTTCCCGGC 
2014_U140 AGTTGTCCGAAAATCTGAAGAAATACGGCGGGTTCATTCCCGGTATTCGTCCGGGTTCACACACGAAAGAATACATCGAAAAGGTGTTAAACAGAATCACTCTTCCCGGC 
2014_U76 AGTTGTCCGAAAATCTGAAGAAATACGGCGGGTTCATTCCCGGTATTCGTCCGGGTTCACACACGAAAGAATACATCGAAAAGGTGTTAAACAGAATCACTCTTCCCGGC              

                                             340                     350                     360                     370                      380                     390                   400                       410                     420                     430                     440 
                  ==========+===========+===========+===========+===========+===========+==========+============+===========+===========+===========+ 
Bov_G GCGATGTTCCTCGCGGGATTGGCTCTGGCTCCTTACATCATCATTAAATTCTTAGATTTGAGCTCCAACTCCGGAGGCGGATCTTTGGTTTATACGTTTGGTGGAACGTC 
2013_VF52 GCGATGTTCCTCGCGGGATTGGCTCTGGCTCCTTACATCATCATCAAATTCTTAGATTTGAGCTCCAACTCTGGAGGAGGATCTCTGGTTTATACCTTCGGCGGAACGTC 
2014_VF66 GCGATGTTCCTCGCGGGATTGGCTCTGGCTCCTTACATCATCATCAAATTCTTAGATTTGAGCTCCAACTCTGGAGGAGGATCTCTGGTTTATACCTTCGGCGGAACGTC 
2014_U81 GCGATGTTCCTCGCGGGATTGGCTCTGGCTCCTTACATCATCATCAAATTCTTAGATTTGAGCTCCAACTCTGGAGGAGGATCTCTGGTTTATACCTTCGGCGGAACGTC 
M04-98 GCGATGTTCCTCGCGGGATTGGCTCTGGCTCCTTACATCATCATCAAATTCTTAGATTTGAGCTCCAACTCTGGAGGAGGATCTCTGGTTTATACCTTCGGCGGAACGTC 
2013_U214 GCGATGTTTCTCGCGGGATTGGCTCTGGCTCCTTACATCATCATTAAATTCTTAGATCTTAGCTCCAACTCCGGTGGAGGATCTTTGGTTTATACGTTTGGTGGAACTTC 
2014_U140 GCGATGTTTCTCGCGGGATTGGCTCTGGCTCCTTACATCATCATTAAATTCTTAGATCTTAGCTCCAACTCCGGTGGAGGATCTTTGGTTTATACGTTTGGTGGAACTTC 
2014_U76 GCGATGTTTCTCGCGGGATTGGCTCTGGCTCCTTACATCATCATTAAATTCTTAGATCTTAGCTCCAACTCCGGAGGCGGATCTTTGGTTTATACTTTCGGCGGAACTTC 

                        450                    460                      470                       480                     490                     500                      510                   520                       530                     540 
 ===========+===========+===========+===========+===========+===========+===========+===========+============+===========+=========== 
Bov_G CCTCTTGATTATGGTAGGGGTTGCGCTCGAGACTTTAAAACAAATCGAGTCTCAACTTTTGATGAGAAACTACGAAGGCTTCATGAAGAAGTCTAAAATTAAGGGACGG 
2013_VF52 CCTCTTGATTATGGTAGGGGTTGCGCTCGAGACTTTGAAACAAATCGAGTCTCAACTTTTGATGAGAAACTACGAAGGCTTCATGAA                         secY - R 
2014_VF66 CCTCTTGATTATGGTAGGGGTTGCGCTCGAGACTTTGAAACAAATCGAGTCTCAACTTTTGATGAGAAACTACGAAGGCTTCATGAA 
2014_U81 CCTCTTGATTATGGTAGGGGTTGCGCTCGAGACTTTGAAACAAATCGAGTCTCAACTTTTGATGAGAAACTACGAAGGCTTCATGAA 
M04-98 CCTCTTGATTATGGTAGGGGTTGCGCTCGAGACTTTGAAACAAATCGAGTCTCAACTTTTGATGAGAAACTACGAAGGCTTCATGAA 
2013_U214 CCTTTTGATTATGGTAGGGGTTGCACTCGAGACTTTGAAACAAATCGAGTCTCAACTTTTAATGAGAAATTATGAAGGCTTCATGAA 
2014_U140 CCTTTTGATTATGGTAGGGGTTGCACTCGAGACTTTGAAACAAATCGAGTCTCAACTTTTAATGAGAAATTATGAAGGCTTCATGAA 
2014_U76 CCTCTTGATTATGGTGGGGGTTGCGCTGGAGACTCTGAAACAAATCGAGTCTCAACTCTTAATGAGAAATTATGAAGGCTTCATGAA 
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Fig. 4 Alignment of in silico-translated sequences from a set of clinical isolates from 

cattle (2013_U214, 2014_U76, 2014_U81, 2013_VF52, 2014_VF66 and 2014_U140) 

and sv Guaricura reference strains (M04-98 and BovG). Amino acid changes are 

highlighted in grey. 

  

 
2014_U140 MPIIFASSLILFPQTIIQWLSSSSEQWAGWAIIMDFFNPFSQIWYHALFYFVIYTSLI I FFAYFYTAIQFNPAELSENLKKYGGFIPGIRPGSHTKEYIEKVLNRITLPGAM 
2014_U76 MPIIFASSLILFPQTIIQWLSSSSEQWAGWAIIMDFFNPFSQIWYHALFYFVIYTSLI I FFAYFYTAIQFNPAELSENLKKYGGFIPGIRPGSHTKEYIEKVLNRITLPGAM 
2013_U214 MPIIFASSLILFPQTIIQWLSSSSEQWAGWAIIMDFFNPFSQIWYHALFYFVIYTSLI I FFAYFYTAIQFNPAELSENLKKYGGFIPGIRPGSHTKEYIEKVLNRITLPGAM 
M04_98  MPIIFASSLILFPQTIIQWLSSSSEQWAGWAIIMDFFNPFSQIWYHALFYFVIYTSLI I FFAYFYTAIQFNPAELSENLKKYGGFIPGIRPGSHTKEYIEKVLNRITLPGAM 
2014_U81 MPIIFASSLILFPQTIIQWLSSSSEQWAGWAIIMDFFNPFSQIWYHALFYFVIYTSLI I FFAYFYTAIQFNPAELSENLKKYGGFIPGIRPGSHTKEYIEKVLNRITLPGAM 
BovG  MPIIFASSLILFPQTIIQWLSSSSEQWAGWAIIMDFFNPFSQIWYHALFYFVIYTSLI I FFAYFYTAIQFNPAELSENLKKYGGFIPGIRPGSHTKEYIEKVLNRITLPGAM 
2013_VF52 MPIIFASSLILFPQTIIQWLSSSSEQWAGWAIIMDFFNPFSQIWYHALFYFVIYTSLIVFFAYFYTAIQFNPAELSENLKKYGGFIPGIRPGSHTKEYIEKVLNRITLPGAM 
2014_VF66 MPIIFASSLILFPQTIIQWLSSSSEQWAGWAIIMDFFNPFSQIWYHALFYFVIYTSLIVFFAYFYTAIQFNPAELSENLKKYGGFIPGIRPGSHTKEYIEKVLNRITLPGAM 

***********************************************************************:******************************************************************* 
 
2014_U140 FLAGLALAPYIIIKFLDLSSNSGGGSLVYTFGGTSLLIMVGVALETLKQIESQLLMRNYEGFMKKSKIKGR 
2014_U76 FLAGLALAPYIIIKFLDLSSNSGGGSLVYTFGGTSLLIMVGVALETLKQIESQLLMRNYEGFMKKSKIKGR 
2013_U214 FLAGLALAPYIIIKFLDLSSNSGGGSLVYTFGGTSLLIMVGVALETLKQIESQLLMRNYEGFMKKSKIKGR 
M04_98  FLAGLALAPYIIIKFLDLSSNSGGGSLVYTFGGTSLLIMVGVALETLKQIESQLLMRNYEGFMKKSKIKGR 
2014_U81 FLAGLALAPYIIIKFLDLSSNSGGGSLVYTFGGTSLLIMVGVALETLKQIESQLLMRNYEGFMKKSKIKGR 
BovG  FLAGLALAPYIIIKFLDLSSNSGGGSLVYTFGGTSLLIMVGVALETLKQIESQLLMRNYEGFMKKSKIKGR 
2013_VF52 FLAGLALAPYIIIKFLDLSSNSGGGSLVYTFGGTSLLIMVGVALETLKQIESQLLMRNYEGFMKKSKIKGR 
2014_VF66 FLAGLALAPYIIIKFLDLSSNSGGGSLVYTFGGTSLLIMVGVALETLKQIESQLLMRNYEGFMKKSKIKGR 

******************************************************************************************* 
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