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Introduction 
 

Riemerella anatipestifer (RA), is a Gram 

negative, microaerophillic, cocco-bacilli to 

short rods sometimes filamentous bacterium 

which belongs to the family 

Flavobacteriaceae, named to honour Rimer. It 

causes severe economic losses which mainly 

affects domestic ducks, turkey, geese, 

pheasants, swans, and also reported in pigs 

(Sandhu and Harry, 1981; Bisgaard, 1982; 

Chang 1984; Sandhu and Leister, 1991; Loh et 

al., 1992). This disease is variously known as 

new duck disease, goose's flu, duck 

septicaemia, anatipestifer syndrome, 

riemerellosis, and infectious polyserositis 

(Chang et al., 2003; Christensen and Bisgaard 

2009).  

 

Twenty-one serotypes of R. anatipestifer have 

been reported worldwide. The occurrence of 

different serotypes in the field outbreaks have 
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Riemerella anatipestifer, a pathogen causing infectious serositis and septicaemia in ducks, 

turkey, geese, pheasants, swans, poultry and also reported in pigs, which belongs to family 

Flavobacteriaceae. Twenty one serotypes have been reported so far by serum 

agglutination test which is found to be labour intensive and time consuming. In order to 

find out the better method to differentiate the isolates, PCR-RFLP and REP-PCR has been 

compared. The 20 isolates of R. anatipestifer were subjected to 16S rRNA PCR and 

subjected to restriction digestion with Hae III and the banding pattern was observed for 

differentiation. On amplifying the repetitive extragenic palindromic sequences of R. 

anatipestifer, the electrophoretic patterns of PCR products obtained were considered for 

the classification. In both methods, the differences in banding pattern were analysed using 

PyElph 4.1 software for dendrogram construction. Both methods differentiated the isolates 

into three groups whereas REP-PCR was found to be the most efficient method owing to 

its easiness and repeatability. Hence, REP-PCR could be used for epidemiological 

investigation and characterisation of R.anatipestifer isolates. 

K e y w o r d s  
 

Riemerella 

anatipestifer, PCR-
RFLP, REP-PCR, 

Electrophoretic 

patterns 
 

 
 

Accepted:  

19 September 2019 

Available Online:  
10 October 2019 

 

Article Info 

 

https://doi.org/10.20546/ijcmas.2019.810.311


Int.J.Curr.Microbiol.App.Sci (2019) 8(10): 2703-2712 

2704 

 

been reported which lacks cross protection 

between the isolates. (Harry 1969; Sandhu 

1981; Bisgaard 1982; Layton and Sandhu, 

1984; Loh 1992; Pathanasophon et al., 1996). 

The serotyping of isolates was based on 

raising antiserum against the isolates and also 

available only in reference laboratories which 

makes the method more cumbersome. In order 

to provide alternate method to antiserum 

phenotyping, molecular methods like PCR-

RFLP and REP-PCR have been tested to find 

out the genetic diversity. 

 

The REP-PCR generates DNA fingerprints 

that discriminate bacterial strains based on 

distribution of repetitive extragenic sequences 

in prokaryotic genomes which is a tool for 

DNA-based epidemiologic assessment of 

clonal relationships among the bacterial 

isolates. The distance between the REP 

sequences varies among the bacterial strains 

which makes the difference in banding pattern 

(Woods et al., 1992). The PCR-RFLP, a 

technique which has been used by several 

researchers to detect polymorphism within a 

gene and such information has been useful for 

typing of the bacterial isolates.  

 

The present study differentiated 20 isolates of 

R. anatipestifer based on banding pattern by 

RFLP obtained with HaeIII-digested 16S 

rDNA PCR, and also by REP-PCR patterns. 

 

Materials and Methods 

 

Sample collection 

 

Samples for the isolation of r. anatipestifer 

were collected from ailing/dead birds brought 

to the Department of Veterinary Microbiology 

and Department of Veterinary Pathology, 

College of Veterinary and Animal Sciences, 

Mannuthy, for disease diagnosis. Heart blood, 

liver and spleen were collected aseptically and 

subjected for examination. Samples were also 

collected from sick/dead birds from University 

Poultry and Duck Farm, Mannuthy. The 

isolates maintained in the Department of 

Veterinary Microbiology as preserved cultures 

in a lyophilised form were revived and also 

used in this study. A total of 20 isolates were 

analysed. 

 

Isolation and identification 

 

Samples were streaked on 5 to 10 per cent 

blood agar (BA) plate and incubated at 37°C 

for 12 to 24 hours micro aerobically for 

primary isolation. The lyophilised isolates 

were also revived using BA. To study the 

cultural characteristics, growth on Mac 

ConKey agar, haemolysis on BA were noted. 

To study the morphological characters, 

Gram’s staining was done. The colonies 

suggestive of R. anatipestifer were subjected 

to conventional biochemical characterisation 

by means of oxidase, catalase, indole, gelatine 

liquefaction and ornithine decarboxylation 

(OIE, 2015; Surya et al., 2016). 

 

Identification by RA species- specific 

polymerase chain reaction  
 

Isolates were also identified by species- 

specific PCR assay by using primers designed 

by Kardos et al., (2007). (Fig. 1). 

Optimization of PCR was achieved through 

gradient PCR, by modification of annealing 

and extension temperatures. The amplification 

was checked by agarose gel electrophoresis. 

Five microliter of the PCR products was 

subjected to electrophoresis using one per cent 

agarose gel in 1X TBE buffer along with a 

molecular weight marker (100 bp) for relative 

sizing of PCR products. 

 

Serotyping  

 

The slide and tube agglutination tests were 

performed as per Sabnam (2015) using 

homologous and heterologous antisera raised 

against each isolates. 
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PCR- RFLP 

 

Primers based on the conserved region of the 

16S rRNA gene designed by Pathnasophan et 

al., (2002) were used. Composition of single 

reaction mix for amplification is given in the 

table 1. 

 

Optimization of PCR was achieved through 

gradient PCR, by modification of annealing 

and Extension temperatures. A Bio-Rad 

thermal cycler was pre- programmed for 

temperature and cycling conditions as given in 

the table 2. 

 

The PCR products were cooled to 4°C and 

stored at -20°C for further characterisation. 

 

Restriction digestion 
 

The restriction digestion mixtures for Hae III 

were prepared as follows: 

 

PCR product: 8µL 

Restriction enzyme: 1 µL 

RE assay buffer: 2 µL 

Nuclease free water: 4 µl 

 

The tube containing reaction mixture was 

incubated at 37°C for 2 hours. The enzyme 

gets inactivated while adding loading buffer. 

 

Analysis of RE digests using Submarine 

agarose gel electrophoresis 

 

Based on the size, the restricted DNA 

fragments were separated using two per cent 

agarose gel in 1X TBE at 50V/cm for 2 h. By 

means of Gel Documentation System (Bio-

Rad, USA), gel images were compared and 

analysed. 

 

REP – PCR 

 

Published primers of Huang et al., (1999) 

were used and the composition of single 

reaction mix for amplification was depicted in 

the table 3. 

 

Optimisation of PCR was achieved through 

gradient PCR, by modification of annealing 

and extension temperatures. A Bio-Rad 

thermal cycler was pre- programmed for 

temperature and cycling conditions noted in 

the table 4. 

 

The PCR products were cooled to 4°C and 

stored at -20°C till further analysis. 

 

Agarose gel electrophoresis of PCR product 
 

The amplification was checked by agarose gel 

electrophoresis. Twenty five microliter of the 

PCR products was subjected to electrophoresis 

using two per cent agarose gel in 1X TBE 

buffer along with a molecular weight marker 

(100 bp) for relative sizing of PCR products. 

 

Results and Discussion 

 

The 20 isolates were confirmed as R. 

anatipestifer conventional methods. On BA, 

colonies were smooth, convex, greyish-white, 

translucent and butyrous, measuring one to 

three millimeter in diameter was obtained. 

Similar colony characters were observed by 

Songer and Post (2005). All the isolates (RA1 

to RA20) were Gram negative, non-motile and 

morphology varied from cocco-bacilli, short 

rods to filamentous forms, grew 

microaerobically and did not grow on MCA. 

They were non-haemolytic on BA. 

 

A species-specific PCR assay developed by 

Kardos et al., (2007), revealed the presence of 

546 bp PCR product. Similar results were 

observed by Soman et al., (2014) and Shancy, 

(2015) to confirm the RA isolates. This PCR 

assay, could easily replace the traditional 

method of identification to identify the isolate 

from clinical samples, as it was highly 

sensitive and specific. All the isolates used in 
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this study were grouped under a single 

serotype by slide and tube agglutination tests. 

 

Genomic DNA was extracted by phenol: 

chloroform method as suggested by Sambrook 

and Russell (2001) with few modifications. 

Molecular typing was carried out using PCR-

RFLP. The R. anatipestifer isolates (RA1 to 

RA20) were subjected to 16S rRNA PCR and 

the PCR products were subjected to restriction 

enzyme mediated digestion using Hae III. 

After suitable incubation, the digested 

products were electrophoresed in agarose gels. 

Five to ten bands were observed for all the 

isolates and differentiated based on the 

banding pattern. The isolates RA1, RA3, RA4, 

RA6, RA7, RA8, RA10, RA11, RA12 and 

RA15 showed the high intensity band 

approximately at 550 bp and low intensity 

bands approximately at 120 bp, 150 bp, 250 

bp and 300 bp were assigned into group a. The 

isolates RA2, RA9, RA13, RA14, RA16, and 

RA19 yielded distinct bands at 200 bp, 270 

bp, 300 bp and 320 bp, formed another group- 

b. Two of the isolates, RA17 and RA20 

showed bands at 550 bp, 500 bp, 450 bp and 

250 bp were grouped into c. As RA5 and 

RA18 showed banding pattern with 90 per 

cent similarity to group b, they were also 

placed under group (b). These patterns are 

depicted in figures 1 and figures 2. 

 

The distinct and prominent bands were scored 

for the analysis. Each lane was detected and 

the isolates were grouped based on the 

presence or absence of band on agarose gel. 

The distance matrices were calculated using 

the PyElph 1.4 fingerprint analysis software 

and this result was directly used to construct 

the phylogenetic relationships among the 

isolates by the neighbour-joining (NJ) method 

using the same software (Fig. 3). 

 

The primers which amplified the repetitive 

extragenic palindromic sequences of 

chromosomal DNA were used and the banding 

patterns of PCR products were taken into 

consideration for molecular typing. The REP-

PCR distinguished 20 isolates of R. 

anatipestifer into three subtypes. Subtype 1 

showed high intensity bands at 450 bp and 

1200 bp and less intensity bands at 250 bp, 

600 bp, 700 bp and 1000 bp which included 

RA1, RA2, RA3, RA4, RA6, RA7, and RA8. 

The same pattern was showed by RA11 and 

RA15 except at 450 bp hence it was also 

included in subtype 1. Subtype 2 which 

included RA5, RA9 and RA10 showed clear 

high intensity bands at 400 bp, 1000 bp, 1200 

bp and 1300 bp. RA12, RA13 and RA14 also 

showed the same pattern except at 400 bp, 

hence included in subtype 2. Subtype 3 

includes RA16, RA17, RA18, RA19 and 

RA20 as they showed bands at 450 bp, 700 bp 

and 1000 bp (Fig. 4 and Fig. 5). 

 

The phylogenetic relationship among the 

isolates was analysed and dendrogram was 

constructed using PyElph 1.4 software by NJ 

method (Fig. 6). 

 

The isolates belonging to single serotype 

could be further subtyped by using PCR-RFLP 

and REP-PCR based on the difference in 

banding pattern. The PCR-RFLP, a method 

first established by Grodzicker et al., (1974) 

has been used by several researchers to detect 

polymorphism within a gene and such 

information has been useful for typing of the 

isolates. A study conducted by Tsai et al., 

(2005) revealed the variations in the 16S 

rRNA genes of R. anatipestifer. Similarly, 

Segers et al., (1993) and Subramaniam et al., 

(1997) reported that 16S rRNA (rrs) gene, has 

been successfully used in classifying R. 

anatipestifer as belonging to the 

Flavobacteriaceae in rRNA superfamily V. 

So, PCR- RFLP based on 16S rRNA gene 

variation was used in this study. The variation 

in the banding pattern indicates the presence 

of variation in 16S rRNA gene among the 

isolates. 
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Fig.1 Hae III digested RFLP pattern of RA1 to RA10 

 

 
Lane M - 100bp ladder 

Lane 1 to 10 - RA1 to RA10 patterns 

 

Fig.2 Hae III digested RFLP pattern of RA11 to RA20 

 

 
Lane M – 100bp ladder 

Lane 11 to 20 – RA11 to RA20 patterns 
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Fig.3 Phylogenetic analysis of RFLP profile using PyElph 4.1 with Neighbour joining method 

 

 
 

Fig.4 REP- PCR pattern for RA1 to RA10 

 

 
Lane M – 100bp ladder 

Lane 1 to 10 – RA1 to RA10 banding patterns 
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Fig.5 REP- PCR pattern for RA11 to RA20 

 

 
Lane M – 100bp ladder 

Lane 11 to 20 – RA11 to RA20 banding patterns 

 

Fig.6 Phylogenetic analysis of REP- PCR patterns using PyElph 4.1 with Neighbour joining 

method (RA1 to RA20) 
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Table.1 Composition of PCR-RFLP 

 

EmeraldAmp® GT PCR Master Mix 6.25 µL 

Forward primer (10 pM/µL) 1.0 µL 

Reverse primer (10 pM/µL) 1.0 µL 

Template DNA (50ng/µL) 3.0 µL 

Nuclease free water 1.25 µL 

Total volume  12.5 µL 

 

Table.2 PCR programme for the amplification of 16S rDNA sequence 

 

Initial denaturation 95ºC for 5 min. 

Denaturation 94ºC for 30 sec. 

Annealing 54ºC for 50 sec. 

Extension 72ºC for 1 min. 

 Go to step 2 (34 times)  

Final extension  72ºC for 7 min. 

 

Table.3 Composition of PCR mastermix for REP-PCR 

 

EmeraldAmp® GT PCR Master Mix 10.0 µL 

Forward primer (10 pM/µL) 5.0 µL 

Reverse primer (10 pM/µL) 5.0 µL 

Template DNA (50ng/µL) 2.0 µL 

Nuclease free water 3.0 µL 

Total volume  25 µL 

 

Table.4 PCR programme for the amplification of repetitive sequence 

 

Initial denaturation  95ºC for 7 min. 

Denaturation 90ºC for 30 sec 

Annealing 50.5ºC for 60 sec. 

Extension 65ºC for 8 min. 

Go to step 2 (30 times)  

Final extension  65ºC for 16 min. 

 

In this connection, Pathanasophon et al., 

(2002) also assessed the prevalence of R. 

anatipestifer in Thailand and reported the 

existence of a new serotype as confirmed by 

RFLP using Hae III restriction enzyme by 

amplifying the rrs gene. The PCR-RFLP 

differentiated the isolates into three different 

groups. The isolates RA1, RA3, RA4, RA6, 

RA7, RA8, RA10, RA11, RA12 and RA15 

showed the high intensity band approximately 

at 550 bp and low intensity bands 

approximately at 120 bp, 150 bp, 250 bp and 

300 bp, were grouped together and named as 

a. These results are in accordance with 

Pathanasophon et al., (2002) who observed 

the same banding patterns for strains, ATCC 
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11845, 1062/91 and 698/95. The isolates 

RA2, RA9, RA13, RA14, RA16 and RA19 

formed into distinct bands at 200 bp, 270 bp, 

300 bp and 320 bp were grouped into b. The 

RA17 and RA20 showed bands at 550 bp, 500 

bp, 450 bp and 250 bp, and were grouped into 

c. The RA5 and RA18 were placed in group 

b, as they showed 90 per cent similarity in 

banding pattern with group b. The group a 

and c revealed common bands at 550 and 250 

bp. Group b was clearly different from the 

others. Subramaniam et al., (1997) also 

observed the differences in rrs gene of R. 

anatipestifer strains, within the same serotype 

and suggested that less than 15 base 

differences in the 16S rRNA gene generally 

belong to the same species. 
 

The distance matrices were calculated using 

the PyElph 1.4 fingerprint analysis software 

and this result was directly used to construct 

the phylogenetic relationships among the 

isolates by the NJ method using the same 

software. Pavel and Vasile (2012) developed 

this software which automatically extracts 

data from gel images, computes the molecular 

weights of the analysed molecules or 

fragments and compares DNA patterns which 

result from experiments with molecular 

genetic markers.  

 

The region between the repetitive sequences 

in the genome of R. anatipestifer were 

amplified by REP-PCR using two 18 mer 

oligonuleotide primers derived from the 

consensus sequence of REP elements. The 

bands detected on the gels represent 

amplification products of DNA between 

adjacent repetitive elements. Differences in 

band sizes apparently represent 

polymorphism in the distances between 

repetitive sequence elements in different 

strains (Woods et al., 1992). Twenty isolates 

from different outbreaks gave three different 

REP-PCR patterns, revealing substantial 

genomic diversity among the isolates. It was 

interesting to note that there were three REP 

patterns for the same serotype. Hence, it 

would be an evidence for genetic variation 

even within the same serotype isolated from 

different outbreaks. Huang et al., (1999) also 

concluded that same serotype had more than 

one REP pattern while different serotypes 

shared the same pattern. The distance 

matrices were calculated using the PyElph 1.4 

fingerprint analysis software and grouped the 

isolates into three patterns. 

 

By both PCR-RFLP and REP-PCR, all the 

isolates were differentiated into three groups 

which confirmed the genomic diversity within 

the same serotype. These methods are easy 

and less time consuming when compared to 

serotyping. The genetic diversity within and 

between the serotypes should be considered 

during vaccine production. Compared with 

PCR-RFLP, REP-PCR offers the advantage 

of ease of performance and the availability of 

results within hours. Hence, it was concluded 

that REP-PCR could be served as a useful 

tool for subtyping of R. anatipestifer isolates 

for epidemiologic investigations.  
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