Pathogenic properties of Escherichia Coli in the calf, which are of interest for a diagnostic method using multiplex PCR.
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Educational Objective: to understand a new PCR analysis technique

The objective of this work is to present a novel analytical method capable of improving the information available to the practitioner for colibacillosis diagnosis in calves and to refine the understanding of the pathogenic properties of the associated strains.

The pathogenic strains of Escherichia coli in cattle are typically divided into intestinal specific (enterotoxinogenic, enteropathogenic, enterohaemorrhagic, verotoxinogenic) and extraintestinal specific (necrotoxigenic, uropathogenic and invasive) strains.  The properties and specific virulence factors of the intestinal specific strains are relatively well understood and characterised, but investigational possibilities remain limited by classical laboratory techniques (see preceding article). 
· Multiplex PCR technology enables the specific and rapid identification of strains of E. coli E.T.E.C., N.T.E.C., E.H.E.C., A.E.E.C. and S.T.E.C. in cattle, thanks to the characterisation of their most commonly encountered virulence factors 
· The results are presented of the molecular analysis on 150 strains of E. Coli, isolated from faecal samples from calves,  previously characterised using serum agglutination (CS 31A, F5, F41 and F17).

The last section of the article introduces the different pathotypes thus identified in cattle, recommending the provision of PCR analysis, especially when identifying E. coli untypable using the agglutination method.
OBJECTIVES OF THE STUDY

· A field study was carried out on bovine neonatal enteritis in the French Grand Ouest departments during the calving periods in 2002/03 and 2003/04, at the instigation of the Mérial laboratory.
Figure 1

Distribution of the different colibacilli isolated (492 strains): results of E. Coli  agglutination 

X axis: autre= other; non typables= untypable

· At the start of this study, 492 strains of E. Coli isolated from diarrhoeaic calf faeces were characterised using the agglutination technique. More than 30 percent are untypable with the four major adhesins (F5, F17, F41 and CS 31A) using the technique of slide agglutination with antiserum (figure 1).

· These results are comparable to those of other studies carried out annually in Saone and Loire (20 to 40 percent E.Coli untypable between 1998 and 2004) (Very, unpublished data).

Even if the majority of E.Coli are not pathogenic in cattle species, the untypable nature of more than 30 percent of the E.Coli in the study is not sufficient to eliminate them as the causative agents for digestive pathology in calves.
· The method of sample recruitment in this epidemiological study (in the context of neonatal enteritis) makes us suspect the involvement of certain strains of E.Coli that cannot be characterised by agglutination, as certain strains are isolated at the same time as another pathogen, such as rotavirus or cryptosporidium, whilst others are isolated alone from these sick calves.  Furthermore, other pathogenic elements exist apart from adhesins F5, F17, F41 or CS 31A, which are capable of explaining the clinical expression of digestive (or non-digestive) symptoms. 
The objectives of the study carried out in the Departmental Veterinary Laboratory of  Deux Sèvres were therefore two-fold:

Table1- Pathogenicity during bovine colibacillosis: presentation of the three m-PCRs used.

	Virulence factor
	Pathogenic action
	Pathotype

	E.Coli 1
	
	

	K99 (F5)

F41
	Adhesion factor to intestinal epithelial cells (Fimriae)
	

	Stx1

Stx2
	· Production of Shiga-like toxin

· Transport of toxins into the circulation

· Cytotoxic effect on endothelial cells
	ETEC,EPEC,EHEC,AEEC and STEC

	Sta
	· Production of enterotoxin

· Increase of water and electrolytes in the intestinal lumen
	

	EaeA
	· Intimal attachment to the epithelial cells (EAE or intima)

· Effacement of enterocyte microvilli
	

	E.Coli 2
	
	

	Cnf 1 /2
	· Production of cytotoxic necrotizing factors (CNFI,CNFII)
	

	Cdt III

Cdt IV
	· Toxin production with blocking of the cell cycle in G2/M.
	NTEC and septicaemics

	HlyA
	· Cytolytic activity of the E-hlyA toxin which causes osmotic cell lysis
	

	lucD
	· Production of  aerobactin siderophore
	

	E.Coli3
	
	

	F17 A
	· Adherence to intestinal epithelial cells (fimriae)

· Implicated in septicaemia phenomena
	

	Sfa D-E
	· Adherence to intestinal epithelial cells (fimbriae S)

· Implicated in septicaemia phenomena
	Septicemics (Ex PEC)

	Pap C
	· Adherence to intestinal epithelial cells (fimbriae P)

· Implicated in septicaemia phenomena
	

	Afa 8E
	· Adherence to intestinal epithelial cells (afimbriae)

· Implicated in septicaemia phenomena
	


E.T.E.C. = E.Coli




-A.E.E.C.= Attaching and Effacing 
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1. to evaluate a tool complementary to the classical agglutination methods for E.Coli used in the aetiological diagnosis of bovine neonatal enteritis.

2. to refine the diagnosis of the agent responsible for colibacillosis, especially when non-agglutinating strains are present.

Material and methods

· One hundred and fifty strains of E.Coli isolated from cattle (calves or young cattle less than 3 months old) suffering from diarrhoea, were tested to research virulence factors.  These strains came in part (49/150) from strains revealed at the time of the study mentioned above, the others were provided by other veterinary laboratories or isolated in the Departmental Veterinary Laboratory of  Deux Sèvres.
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3% agarose gel electrophoresis of E. Coli m-PCR products

· As a first stage, all 150 strains of Bacillus coli isolated were subjected to systematic research into adhesion/attachment  factors and each was tested with respect to the four major adhesins (F5, F17, F41 and  CS 31A) using the slide agglutination technique with antiserum.
· In addition, three m-PCRs (Multiplex Polymerase Chain Reactions) were developed: E.Coli (8), E.Coli (19) and E.Coli (20) (table 1). The m-PCR products were analysed by 3% agarose gel electrophoresis visualised under UV light (photo. 2).

RESULTS

Results of the analysis of E.coli strains by agglutination

· The results of the analysis of the 150 strains of E. Coli by agglutination are presented in figure 3.

· The sample described cannot be considered as representative of the distribution of Bacillus coli strains in bovine species.  Considering the method of recruitment of a proportion of samples, which were sent to the Departmental Veterinary Laboratory of  Deux Sèvres after initial analysis by agglutination, a higher percentage of untypable strains was seen.
· The Bacillus coli possessing the adhesin CS 31A are the most commonly represented amongst the typable strains, which is in agreement with an increased prevalence in the epidemiological study cited previously.

The combinations isolated (CS 31A/ F17, CS 31A/F5 or F5/ F17) are those typically described.

Factor F 41 was practically absent in the samples analysed in the study (1/150).

Results of m-PCR analysis of E. Coli strains
· The PCR analysis of the 150 strains of E. Coli isolated from faeces of calves and young cattle, produced a distribution of pathogenicity factors.

· There is a huge variety of profiles amongst the strains identified, considering the multiple combinations of pathogenicity factors possible.  In order to analyse and more clearly reflect  the pathogenicity of the strains, these were re-grouped by pathotype (figure 5).

The E. Coli strains not typable by agglutination

· 97 out of 150 (65 percent) of the strains from the study produced a negative result in the analysis using the agglutination method with conventional antisera. In a single m-PCR analysis, the number of untypable strains was no more than 24 (16 percent of the strains in the study).

· These strains were classified as untypable by the agglutination method, but in reality possessed one or more coding genes for pathogenicity factors.  The results are presented by pathotype in figure 6.

· In addition to the fact that these results illustrate the limits and without doubt inadequacies of the diagnosis by agglutination of colibacillosis during enteritis in young cattle, they also underline that even if one or more strains of E. Coli is isolated during an episode of clinical diarrhoea, the pathogenic role of the bacteria isolated cannot be systematically confirmed.
Unless a bacterium which is untypable on m-PCR presents other pathogenicity characteristics unexplored by m-PCR, it would appear not to have any genomic fragments capable of giving it a pathogenic capability.
· In these circumstances, it seems reasonable to think that the strain isolated is a commensal bacterium from the digestive tract of cattle, with no pathogenicity factors. It therefore does not present any interest (antibiotic therapy, vaccine) for the clinician.
Pathotypes of strains of E. Coli identified by agglutination

· The diagnostic method using m-PCR produces supplementary results to agglutination, enabling a better evaluation of the potential pathogenic properties of E. Coli.
· Results from the m-PCR carried out on the strains identified by agglutination are presented in table 2.
Figure 3

Presentation of results of agglutination on 150 strains of E. Coli  

Non typable= untypable

Figure 5- Groups of pathotypes identified by m-PCR E. Coli 1, E. Coli  2 and E. Coli  3 (150 samples)

Figure 6-Results of the study by pathotype on 150 strains of E. Coli  

· The phenotype F5 (K99) identified by agglutination was diagnostic by m-PCR for 10 out of 12 strains.
There is therefore an excellent correlation between the m-PCR and agglutination for factor 5 (K99). The genetic determinant K99 was never identified in isolation by m-PCR, but always associated with other factors.  These pathotypes are characteristic of E.T.E.C.

· The phenotype CS 31A is mainly associated with the genetic determinant lucD (25 out of 31 strains), it is therefore considered to be an E. Coli bacterial resistance factor.
Table 2 –m- PCR Results on the agglutination positive strains

In the cases where other pathogenicity factors are associated with luc D, the profile of E. Coli  CS31A most often corresponds to that of a potentially invasive strain especially when it is associated with other adhesins (eas, F 17 a) but also sometimes with the E.T.E.C. type (4), that is, it has the capacity to make toxin St a.
· The phenotype F17 identified by agglutination corresponds to the genetic determinant F17a.

· The phenotype F 41 is the one for which we observed the most divergent results in our study.

In effect, 19 strains presented the genetic characteristic F41 diagnosed by m-PCR whereas none presented this (genetic) characteristic using agglutination. This could be explained by a lack of phenotypic expression of F41 after it has been in culture medium (15).

· Similarly, the only strain which was characterised F41 by agglutination, did not have any genetic determinant by m-PCR.
· Generally, there is little divergence between the agglutination method and the m-PCR analysis for strains of E. Coli which agglutinate with antisera F5 and F17.

· On the other hand, the genetic characteristic responsible for the F41 adhesin seems to be little expressed compared with the number of strains possessing this genetic fragment.
In addition, the gene responsible for adhesins F5, F 41 and F 17 were not found in 5 strains amongst the 53 agglutination positives.

According to these cases, this divergence can be due to many factors: identification error by agglutination, loss of a portion of the strain’s genetic information during culture.

DISCUSSION

The pathotypes of the study strains.

· The m-PCR results from 150 strains in the study confirm clearly the complexity of the pathogenic ability of the different E. Coli strains.
In effect, a reduced number of strains only present one characteristic of pathogenicity (one strain F41 and Cdt III, two strains Stx1 and F41, and four strains F 17 a and Afa 8E) except the characteristic for production of the aerobactin  siderophore (iuc D). This is present in an isolated manner in 17 strains (11 percent) and associated with one or more other factors in 84 strains, i.e. 56 percent of the study strains.
· On the other hand, in addition to the extremely varied profiles of the results of genetic analysis, certain strains possess pathogenicity factors common to many pathotypes (like lucD for example), or factors linked to different pathotypes (F41/K99/Sta and PapC for the same strain for example).
In this case, the usual classification retained for the strains of E. Coli  (E.P.E.C., E.T.E.C., N.T.E.C….) is a function of the symptoms of colibacillosis and the genetic information which is expressed visibly; for example, a strain of E. Coli  possessing fragments coding for F41/K99/Sta/cdt IV/ Afa 8E, but from which the cattle are affected by simple diarrhoea, is qualified as strain E.T.E.C. with septicaemia potential.

· Apart from these intermediary cases, many genomic groups can be distinguished amongst the 150 study strains:
- the E. Coli  group with extra-intestinal pathogenic actions (Ex.P.E.C.);

- the enterotoxinogenic E. Coli  group (E.T.E.C.);

- the group of shiga-toxigenic (S.T.E.C.) and enteropathogenic (E.P.E.C.) E. Coli  
- the group of necrotoxigenic E. Coli   (N.T.E.C.)

The E. Coli group with extra-intestinal pathogenic actions (Ex.P.E.C.)

· Even though unofficially titled, this name clearly groups together all the E. Coli   strains identified in the organs at the time of septicaemia (10). All the strains have genomic fragments which code for an adhesin, a prerequisite for colonisation of the organism, as well as for other virulence factors.
· All the strains presenting at least one of these factors constitute more than 50 percent of the strains analysed (79 out of 150 strains).

· Nevertheless, the presence of one or more genetic fragments coding for an extra-intestinal pathogenicity factor (P. fimbriated adhesin or F17, or afimbriated adhesin Afa) does not mean that the strain automatically has an extra-intestinal action, but that it has the potential.

· Concerning the aerobactin siderophore, whose synthesis is under the control of five genes which code for aerobactin (iuc; Iron-Uptake Chelate), considering the frequency of this gene in our study population, especially amongst the strains of E. Coli  untypable by agglutination (14 out of 97, i.e. 14 percent), we consider that this gene only has a significant recognised pathological effect if it is associated with other factors.
The enterotoxinogenic E. Coli group (E.T.E.C.)

· The group of strains which have genomic fragments which code for F 41/K 99/Sta correspond to the E.T.E.C strain of E. Coli, either due to the production of a toxin, Sta, responsible for a watery hypersecretion in the small intestine of calves, or because of enterocyte adhesion due to factor K99 or F41 (8). 
· In addition, other supplementary pathogenicity factors, ‘satellites’, can be identified such as cdt III, cdt IV, Hly a or iuc D. It is likely that these factors accentuate the pathogenic effect of the Bacillus coli.
· In total, 21 out of the 150 strains in the study (14 percent) corresponding to this group (of which one strain only presented factor F41), can nevertheless be included in the E.T.E.C. group, even if they do not encode Sta.

· So, the E.T.E.C. group represents 14 percent of the strains in the study.

· Regarding the agglutination method, five non-agglutinating strains have the genetic determinant which codes for adhesin F41, on its own or associated with other pathogenicity factors (K99, Sta, Hly a or iuc D).

Considering the recognised pathogenic ability of the strains presenting these pathotypes, m-PCR should therefore be considered to improve the diagnosis of E.T.E.C. during neonatal enteritis in the calf.
The group of shiga-toxigenic (S.T.E.C.) and enteropathogenic (E.P.E.C.) E. Coli  

· The group of enteropathogenic E. Coli only presenting the adhesive characteristic coded by the gene eae, was the least represented: four strains, i.e. 3 percent of the study strains.

· On the other hand, this characteristic is associated with other pathogenicity factors in 13 strains. The prevalence obtained in the study is less than that described in other work (11).

However, as pointed out previously, it is sometimes tricky to classify a strain which has factors characteristic of E.T.E.C. as well as other Ex P.E.C. factors, for example.
· The group of strains which have genomic fragments coding for Stx1/eae/Hly A/iuc D correspond to pathotype S.T.E.C. because of the secretion of a Shiga-like toxin. 15 strains had this factor, i.e. 10 percent of the strains in the study.
Numerous studies have evaluated the presence of S.T.E.C. in cattle, with a prevalence varying between 0 and 60 percent according to the type of farming, the context of the study and the type of sampling (1).
More specifically, a study run in an abattoir on various cattle samples enabled  isolation of  5 strains of E. Coli 0 157 : H7 in 201 samples of faeces (i.e. 2.5 percent) (2).

· Nine non-agglutinating strains had the Stx 1 characteristic, typical of the S.T.E.C. group. (Stx/1/eae/Hly a, iuc D group).  Many studies have demonstrated the healthy carrying of S.T.E.C. by cattle (1). On the other hand, the association of the genetic characteristic Stx1 with other factors, especially adhesin and enterohaemolysin, permits consideration that the strains have a pathogenic disposition similar to that of strains of the entero haemorrhagic pathotype (E.H.E.C.) (9) 
· This observation is consistent with the clinical expression of the E.H.E.C. type colibacillosis: mucoid and haemorrhagic enteritis in calves of 1 to 8 weeks.

· M-PCR therefore enables the E. Coli responsible to be identified as S.T.E.C. (or even E.H.E.C.), whereas these could have been considered non-pathogenic using the agglutination method.

The group of necrotoxigenic E. Coli  (N.T.E.C.)

· The group of strains possessing genomic fragments encoding for Cnf 1 /2, characteristic of the necrotoxigenic N.T.E.C. strains, represent 2 percent of the strains in the study.
· In ruminants, the strains N.T.E.C.1 and N.T.E.C. 2 are frequently isolated in association with clinical problems.
According to the studies, considered together, the N.T.E.C. strains represent 10 to 50 percent of invasive colibacillosis and 5 to 20 percent of the digestive colibacillosis in cattle (7,10).

· In addition, other cytolethal toxins (C.D.T.III and C.D.T.IV in cattle) are associated with strains of N.T.E.C. E. Coli. Besides the molecular physical proximity of the genes encoding for these factors, combination of different toxins is common during invasive septicaemic colibacillosis (19, 20).
· The toxinogenic nature of certain E. Coli strains (determined by the gene cnf 1/ 2 or C.D.T.) was identified in two non-agglutinating strains.

According to many authors, it is possible to confirm that the N.T.E.C. strains (and especially those possessing the determinant cnf 2) can actually cause systemic infections with frequent localisation in the lungs, as well as diarrhoea in the calf (17, 18).  However, the pathogenic ability of these strains is linked to the presence of favourable circumstances (absence of commensal flora, little or no colostrums, …), which does not belittle their role when such circumstances exist (12).
· In the case of the two strains identified by m-PCR as Cnf1 /2 /eae/HlyA, the potentially invasive nature of the E. Coli from an intestinal colibacillosis appears likely and cannot be diagnosed using the agglutination method.

· M-PCR improves the aetiological diagnosis of digestive colibacillosis in calves. So, the pathotypes characteristic of entero-haemorrhagic E. Coli (E.H.E.C., here including S.T.E.C, that is the Group Stx 1/eae/Hly A/iuc D) and necrotoxigenic E. Coli (N.T.E.C., that is the Group Cnf 1/ 2) can henceforth be identified by m-PCR during neonatal enteritis in the calf whereas the diagnosis cannot be carried out routinely by the agglutination method.

· In addition, m-PCR significantly improves the aetiological diagnosis of enterotoxigenic E. Coli (E.T.E.C., that is Group K99/F41/Sta) in identifying the strains in which the phenotype does not express pathogenic potential.  

In the same way, m-PCR improves the diagnosis of E. Coli strains with invasive potential, Ex P.E.C., in which the activity is linked to other adhesins than those investigated by agglutination (Pap C, Afa 8E).

· However, it is appropriate to keep in mind that overall, the methods of analysis of E. Coli by agglutination and by molecular analysis tackle the aetiological diagnosis of neonatal enteritis in different ways. One evaluates the phenotypic properties of the colonies while the other diagnoses the pathogenicity potential contained in the genetic information of the bacteria.
· This point is fundamental when the results obtained for the same strain using the two methods are compared. Thus, the identification of one or more genomic fragments capable of conferring pathogenic properties on the bacteria does not signify that these unconditionally express them.  Indeed, the strains of E. Coli identified using PCR potentially have the capacity to induce pathogenic effects, but the results of the analysis must be related to the clinical signs (watery, haemorrhagic diarrhoea, septicaemia) in order to control the consistency of the laboratory results and the clinical episode.
· Indeed, the genetic fragments which carry the virulence factors, are many and of different types (chromosomal, plasmid).  Many of these genes can be found in the same strain, where the mechanisms regulating their expression can be very complex.
· These mechanisms can lead to:

· on the one hand, variations in clinical expression of the same strain within the livestock: indeed,  depending on the environmental conditions of the E. Coli  strain (temperature, pH..) and the presence or not of specific receptors in the host species and infected tissue, a pathotype will emerge

· on the other hand, this may also explain certain disagreements between the genotypic diagnostic results using PCR and the phenotypic diagnosis (agglutination), by the non-expression of genes as has been shown for certain adhesins (13,14).  For example, the phenotypic expression of the adhesin CS 31A is dependent on a certain number of external factors (pH, osmolarity, temperature, concentration of leucine and alanine) (5, 6).
CONCLUSION

· As the clinical expression is often not very specific, bovine intestinal colibacillosis requires an aetiological laboratory diagnosis. Currently based on an agglutination bacteriological identification test, the diagnosis is limited to adhesion characteristics expressed by the bacteria.

The diagnosis obtained does not reflect the entire diversity of pathogenicity factors, either potential or expressed by E. Coli, in the digestive tract of cattle.
· The use of m-PCR on the other hand enables identification of other E. Coli pathogenicity factors such as those which characterise the ability to cross the mucosa, invasive properties and secretion of toxins.

For this reason, it enables the practitioner to improve the diagnosis of ‘untypable colibacillosis’, to explain the clinical expression of the illness and to justify a treatment for the strains with confirmed pathogenic ability.

Finally, certain intestinal strains identified by m-PCR reveal the invasive potential which they have, enabling expression of septicaemic colibacillosis to be anticipated in the calf.
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