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Genomic characterization of Arcanobacterium pyogenes isolates recovered from the uterus of dairy cows with normal puerperium or clinical metritis
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A. pyogenes is considered to be the most relevant bacterium involved in the establishment of puerperal uterine infection in cattle due to its persistence in utero, resistance to treatment and synergic action with Gram negative anaerobes. Once the infection is established, A. pyogenes is responsible for the persistence of the infection.

The objective of this study was to characterize A. pyogenes field isolates recovered from the uterus of cows with either normal puerperium or clinical metritis, in an attempt to identify factors that might be associated with the establishment and persistence of the disease. This characterization was based on BOX-PCR typing and on screening of eight virulence factor genes (plo, nanP, nanH, cbpA, fimA, fimC, fimE, fimG) by conventional PCR. Finally, a relationship between clonal types, virulence factors and presence of disease was investigated. A. pyogenes clonal types identified from isolates recovered from the uterus of postpartum dairy cows differed among herds. Although some clonal types were strictly associated with the development of clinical metritis, others were identified from isolates recovered from normal puerperium and clinical metritis cows.

Moreover, the presence of the eight virulence factor genes was not related with the ability to induce clinical metritis, suggesting that the type of A. pyogenes may not be a determinant factor in the development of the disease. We suggest that host intrinsic factors, the synergism between A. pyogenes and other bacteria and the differential gene expression of virulence factor genes may play a more relevant role in the establishment of puerperal uterine infections.

Introduction

In the cow, during and after parturition, a wide range of microorganisms ascend from the environment, invade the birth canal and colonize the uterus. Most healthy cows are able to spontaneously clear this contamination in the next two to four weeks [START_REF] Hussain | Postpartum uterine flora following normal and abnormal puerperium in cows[END_REF]Mateus et al., 2002a;Mateus et al., 2002b). However, the persistence of pathogenic bacteria will lead to the establishment of clinical metritis or clinical endometritis. A. pyogenes is considered to be the most relevant bacterium involved in the establishment of puerperal uterine infection due to its persistence in utero, resistance to treatment and synergic action with Gram negative anaerobes (Ruder et al, 1981;Huszenicza et al., 1999;Mateus et al., 2002aMateus et al., , 2002b;;Williams et al., 2005).

A. pyogenes expresses several known and putative virulence factors that may contribute to its pathogenicity. These factors include a haemolysin with cytolytic activity for immune cells (pyolysin, PLO) (Jost et al., 1999), two neuraminidases (NanH and NanP) (Jost et al., 2001;Jost et al., 2002), required for adhesion to epithelial cells, a collagenbinding protein (CbpA) (Pietrocola et al., 2007), required for adhesion to collagen rich tissues and fimbriae that might be involved in host adhesion (Jost and Billington, 2005).

All strains of A. pyogenes recovered from a wide range of hosts with different pathological conditions, expressed PLO and NanH. nanP, cbpA and fimbrial biogenesis operon genes were only present in a subset of isolates (Jost and Billington, 2005;our unpublished data).

The objective of this study was to characterize A. pyogenes field isolates recovered from the uterus of cows with either normal puerperium or clinical metritis, in an attempt to [START_REF] Hulton | Eric sequences: a novel family of repetitive elements in the genomes of Escherichia coli, Salmonella typhimurium and other enterobacteria[END_REF][START_REF] Martin | A highly conserved repeated DNA element located in the chromosome of Streptococcus pneumoniae[END_REF]Tyler et al., 1997). This technique produces a banding pattern specific for individual bacterial clones and has been successful in typing a variety of bacteria (Singh et al., 2001;Syrmis et al., 2004). Finally, a relationship between clonal types, virulence factors and presence of disease was investigated.

Materials and Methods

Animals and bacterial isolates

The isolates (n = 57) used in this study were obtained from uterine swabs taken throughout the puerperal period of Holstein dairy cows (n = 26) from two different herds (A and B). Cows were clinically monitored twice a week and uterine swabs taken once a week from parturition until two consecutive negative cultural samples were obtained or until 46 days postpartum (dpp), whichever occurred first. Cows presented either a normal puerperium (n = 8) or clinical metritis (n = 18). The diagnosis of clinical metritis was based on the absence of systemic symptoms (pyrexia, prostration), on the presence of abnormal uterine content and vaginal discharge (purulent, fetid purulent) within 21 dpp and on the persistence of uterine bacterial contamination beyond 26 dpp (clinical endometritis). The methodology of swabbing, bacterial isolation and species identification have been previously described (Mateus et al., 2002a(Mateus et al., , 2002b)). Briefly, after swabbing the uterus through a sterile procedure, swabs were plated in Columbia 5

A c c e p t e d M a n u s c r i p t 5 % sheep blood agar plates (Biomérieux, Marcy L´Etoile, France) and from the mixed culture, colonies with phenotypic characteristics of A. pyogenes were selected for identification with API CORYNE strips (Biomérieux, Marcy L´Etoile, France). Upon identification, the isolates were kept frozen at -80ºC until resuscitation. Two reference strains, Arcanobacterium pyogenes ATCC 49698 and 19411, were included as controls for the evaluation of the discriminatory power of the typing method.

Genomic DNA isolation

A. pyogenes isolates and reference strains were grown on Columbia 5 % sheep blood agar plates (Biomérieux, Marcy L´Etoile, France) at 37°C for 2 days. Approximately one loop of biomass was scraped off the agar plates, suspended in 500 µl of SET buffer (75 mM NaCl, 25 mM EDTA, 20 mM Tris; pH 7.5) and genomic DNA was isolated by the method described by Pospiech and Neumann (1995). The DNA was suspended in 100 µl of TE buffer and stored at 4°C until use. DNA concentration and purity were evaluated by optical density (at 230 nm, 260 nm and 280 nm) and integrity was assessed through a 0.8 % agarose gel electrophoresis.

Clonal analysis

Genomic DNA fingerprinting was generated by PCR using the BOXA1R (5´-CTACGGCAAGGCGACGCTGACG-3´) primer [START_REF] Martin | A highly conserved repeated DNA element located in the chromosome of Streptococcus pneumoniae[END_REF][START_REF] Louws | Specific genomic fingerprints of phytopathogenic Xanthomonas and Pseudomonas pathovars and strains generated with repetitive sequences and PCR[END_REF]. Amplification reactions occurred in a Thermal Cycler (Bio-Rad) in a 25 µl volume reaction mixture containing a primer concentration of 2µM, 100 ng of genomic DNA and 1 U of GoTaq® Flexi DNA polymerase (Promega, Madison, USA). An initial denaturation step (95ºC, 2 min) was followed by 34 cycles of denaturation (95ºC, 1 min), annealing (53ºC, 1 min) [START_REF] Louws | Specific genomic fingerprints of phytopathogenic Xanthomonas and Pseudomonas pathovars and strains generated with repetitive sequences and PCR[END_REF] and extension (72ºC, 5 min), with a The reproducibility of the BOX-PCR fingerprinting was evaluated for 20 isolates by repeating the entire process of typing using DNA obtained from two different extractions. A BOX-PCR type was defined as a group of isolates with a similarity of 86 % (the minimum value of the calculated reproducibility). For the evaluation of the discriminatory power of this typing method, the Simpson`s index of diversity was calculated [START_REF] Hunter | Numerical index of the discriminatory ability of typing systems: an application of Simpson´s index of diversity[END_REF].

Screening of genes encoding known and putative virulence factors

Conventional PCR was used for the evaluation of the presence of eight known and putative A. pyogenes virulence factor genes: nanH (encoding for neuraminidase H), nanP (encoding for neuraminidase P), plo (encoding for pyolysin-PLO), cbpA (encoding for CbpA) (Jost and Billington, 2005) and four fimbrial genes, fimA, fimC, fimE, fimG (encoding the major fimbrial subunit of four different fimbriae; our unpublished data). PCR reactions were carried out in a 25 µl reaction mixture containing 25 pmol of each primer (Table 1), 0.1 mM of each deoxynucleotide A c c e p t e d M a n u s c r i p t 7 triphosphate (Promega), 1x PCR buffer, 2 mM MgCl 2 , 100 ng of genomic DNA and 1 U of GoTaq DNA polymerase (Promega). Except for the annealing temperatures, the thermal cycling conditions were identical for all sets of primers: 3 min at 94ºC followed by 35 cycles of denaturation (94ºC for 1 min), annealing (1 min) and extension (72ºC for 3min) and a final step at 72ºC for 7 min. The annealing temperature was set between 55ºC and 60ºC (Table 1). A negative control consisting of the same PCR mixture but without DNA was included in all PCR runs. The identity of PCR products was initially confirmed by DNA sequencing. Amplification products were separated by electrophoresis through a 2.5 % or 1 % agarose gel (plo, cbpA, nanH, nanP, fimA, fimE: 7 µl; fimC: 10 µl and fimG: 25 µl), stained with ethidium bromide and the bands were visualized with the ImageMaster® VDS System (Amersham Pharmacia Biotech). The result was considered to be positive if the amplification product had the expected molecular size.

Results

Clonal types

Fig. 1 shows an example of the DNA banding patterns obtained with the BOX-PCR

technique. The reproducibility of the typing method ranged from 86 % to 93 % and, therefore, the similarity cut off level to identify clonally related isolates was setup at 86 %. The discriminatory power of the method was 84 %. The reference strains were typed as two different types and did not match any of the types isolated. BOX-PCR discriminated 10 herd-specific clonal types, five in each herd: types I, II, VI, VII, VIII in herd A and, types III, IV, V, IX, X in herd B (Table 2). The maximum similarity between the isolates of the two herds was 83.5 %. The majority of the isolates (82 %)

A c c e p t e d M a n u s c r i p t 8 belonged to five clonal types but in each herd a single type appeared to predominate: in herd A, type I represented 63 % of the isolates and in herd B 50 % of the isolates belonged to type III (Table 2). Only type VII was not associated with clinical metritis while four other types (II, IV, VI, X) were only associated with uterine infection (Table 2). The remaining five types (I, III, V, VIII, IX) were isolated from normal puerperium and clinical metritis cows. From four uterine swabs, two different colonies from the same primary isolation plate were typed. From two of the above swabs, the colonies belonged to the same clonal type [isolates reference: 215.1 and 215.2; B.IV.3(2) and B.IV.3(3)] and, from the other two swabs, the colonies belonged to different clonal types [isolates reference: B.VII.4(1) and B.VII.4(3); 208.1 and 208.2] (Fig. 2). In ten cows, only one clonal type was identified at each sampling week. In seven other cows, up to three different clonal types were identified throughout the puerperium (Fig. 2).

Virulence factor genes

Data regarding the identification of virulence factor genes are summarized in Table 2.

All isolates exhibited the characteristic A. pyogenes β-haemolysis on blood agar plates and carried the genes plo, nanP, nanH, cbpA and fimA. The fimE gene was present in 55 isolates (98 %), while the genes fimC and fimG were only detected in 38 isolates (67 %). The eight genes were identified in 29 (51 %) of the isolates (two isolates from clonal type I, two from type II, eleven from type III and all isolates from types V, IX and X). All the isolates that tested negative for fimC and fimE came from swabs from herd A. The two reference strains harbored seven genes (only cbpA was not detected).

None of the eight genes were related to the presence of clinical metritis. An association between clonal type and virulence factor genes was observed in some of the less 

Discussion

This study reports the genomic characterization of A. pyogenes isolates recovered from the uterus of dairy cows with either normal puerperium or clinical metritis. A broad genomic heterogeneity was found among the isolates of A. pyogenes that colonize the uterus of dairy cows with both normal puerperium and clinical metritis, although the identified clonal types were herd-specific. The finding that within each herd there was a predominant clonal type (representing at least 50 % of the isolates of the herd) is consistent with the hypothesis of A. pyogenes being disseminated either from the environment or by horizontal transmission. Similar findings were reported for mastitis, revealing a genetic heterogeneity among Staphylococcus aureus isolates from the same herd (Kapur et al., 1995) although with the predominance of one clone [START_REF] Fitzgerald | Finestructure molecular epidemiological analysis of Staphylococcus aureus recovered from cows[END_REF].

Up to three clonal types were sequentially and/or simultaneously isolated from the same cow. This occurred in both herds, in six of the 18 cows that developed clinical metritis and in one of the eight animals with normal puerperium. This may suggest the relevance of multiclonal colonization/infection in the development of the disease. Again, mastitis studies also showed genetic heterogeneity among Staphylococcus isolates recovered from the same cow [START_REF] Mathews | Restriction endonuclease fingerprinting of genomic DNA of Staphylococcus species of bovine origin[END_REF].

In each herd, there were two clonal types associated only with cases of clinical metritis, which might suggest that some types are potentially more pathogenic than others.

A c c e p t e d M a n u s c r i p t 10 However, the fact that the same clonal type was identified in both cows that had a normal puerperium and cows that developed clinical metritis highlights the relevance of the individual defence mechanisms in the pathogenesis of this disease.

A. pyogenes is equipped with several known and putative virulence factors in the genome (Jost and Billington, 2005). All A. pyogenes strains presented plo and nanH gene, which is in accordance with results obtained by Jost et al. (2002). Additionally, the nanP gene was also present in all the strains. This may not be surprising because nanP was shown to be significantly more prevalent in isolates of bovine origin than in isolates from other species (Jost et al., 2002). However the significance of carrying the additional neuraminidase gene is unclear. NanH and NanP may have different host substrates, and the presence of NanP may provide tropism for adherence to bovine uterine tissue. cbpA was found in all A. pyogenes strains isolated from the uterus. In previous studies cbpA was only present in 48.9% of the bovine strains isolated from different types of infection [START_REF] Esmay | The Arcanobacterium pyogenes collagen-binding protein, CbpA, promotes adhesion to host cells[END_REF]. The finding that cbpA was present in all uterine isolates suggests that the ability to bind collagen may be an important characteristic of these strains, promoting adhesion to uterine tissue.

Another objective of this study was to evaluate the relationship between clonal types, profiles of virulence genes and pathogenicity (development of metritis). A relationship between some clonal types and the presence of specific virulence factor genes was observed in this study. Regarding the eight virulence factor genes screened, we could not find a relationship between the presence of these genes and the development of clinical metritis: all of them were present in isolates recovered from the uterus of normal puerperium and clinical metritis cows. These results show that the simple presence of A c c e p t e d M a n u s c r i p t 11 those virulence factors in the genome of the bacterium is not sufficient to explain its pathogenicity. This pattern was also reported for several other diseases. For example, Schierack et al., (2006), showed that Escherichia coli virulence factor gene profiles were similar in isolates recovered from diarrheic and healthy piglets. However, the ability to induce disease may also be related with differential gene expression rather than with the simple presence of the gene. As an example, differences in virulence of Listeria monocytogenes serotypes were partially correlated with differential transcription of the known PrfA-regulated virulence genes and prfA itself (Sokolovic et al., 1996). Therefore, it is possible that A. pyogenes clones differentially express their virulence factor genes under specific conditions.

In conclusion, A. pyogenes clonal types identified from isolates recovered from the uterus of postpartum dairy cows differed among herds. Although some clonal types were strictly associated to the development of clinical metritis, others were identified from isolates recovered from normal puerperium and clinical metritis cows. Also, the presence of the eight virulence factor genes was not related with the ability to induce clinical metritis, suggesting that the type of A. pyogenes may not be a determinant factor in the development of the disease. We suggest that host intrinsic factors, the synergism between A. pyogenes and other bacteria and the differential gene expression of virulence factors may play a more relevant role in the establishment of puerperal uterine infections. 
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 2 Figure 2: Dendogram generated by GelCompar II software of BOX-PCR patterns from the 57 isolates, showing the distance calculated by Pearson's correlation coefficient. The degree of similarity between clonal types (%) is shown on the scale. The dotted vertical line represents the similarity cut-off level of 86%.
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 1 Figure 1. Example of DNA banding patterns obtained for A. pyogenes isolates by BOX-PCR fingerprinting.
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