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Riemerella anatipestifer (R. anatipestifer) is the causative agent of septicemia anserum exsudativa 
which belongs to the family Flavobacteriaceae of Gram-negative bacteria. The goal of the present study 
was isolation and identification of R. anatipestifer from duck septicemia outbreaks in ducklings in Egypt 
and preparation of a potent bivalent R. anatipestifer and E. coli vaccine. A total of 190 Muscovy and 
Baladi breeds ducklings suffered from signs of septicemia were collected to be examined. R. 
anatipestifer isolates were examined, biochemically identified using API 20E system and by PCR based 
16S ribosomal RNA. As a trial for disease control, preparation of bivalent vaccine of R. anatipestifer and 
E. coli were carried out. Five isolates suspected to be R. anatipestifer were detected (2.6%). Preparation 
of bivalent vaccine of R. anatipestifer and E. coli was prepared using montanide ISA71 adjuvant. 
Immune response was assessed using challenge test.  
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INTRODUCTION 
R. anatipestifer is a Gram-negative bacterium 

in the family Flavobacteriaceae and rRNA 
superfamily V (Segers et al., 1993). Transmission 
between ducks occurs vertically (through the egg) 
as well as horizontally via the respiratory 
tract (Mavromatis et al., 2011). It can infect ducks, 
geese, turkeys, chickens, and other birds and 
leads to a contagious septicemia (Hess et al., 
2013).Cha et al., (2015) carried out surveillance 
for R. anatipestifer in wild birds along the East 
Asian-Australasian flyway in South Korea. 

In Egypt, the problem has been persisting, 
especially in 1-7-week-old ducklings, in areas 
where duck raising is common since the first 
report in 1982 (Mahitanan et al., 1982). Once the 
disease invades duck flocks, it becomes endemic. 
Eradication is difficult, with repeated possible 
infectious episodes.  

In Muscovy ducks, virus-bacterial associations 
are often common. Results from different 
countries show that reovirus and Escherichia coli 
(E. coli) are major pathogens, contributing 
significantly to economic losses to the duck 
industry, (Kempf et al., 1995). 

Although E.coli is existing as one of the 
commensal intestinal flora, where it is responsible 
for the production of many beneficial metabolic 
products. It is also capable of causing different 
disease syndromes in animal and human hosts 
(Maturana et al., 2011). 

Among the respiratory diseases of  ducks,  R. 
anatipestifer  and  E. coli  infections  are  of  
primary  economic importance  to the duck 
industry.  Since the introduction of  the R. 
anatipestifer bacterin (Layton and Sandhu, 1984)  
losses due to R. anatipestifer have decreased 
significantly.  
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Colibacillosis, however, continues to be a 
major cause of mortality on many duck farms,  in  
spite of preventive sanitation and management  
practices. Since  both E. coli  and R. anatipestifer 
infections  occur at  about the  same  age  and are  
not distinguishable  by clinical  signs  or  lesions 
(Leibovitz  et al., 1972)  ,  it was considered highly 
desirable to  develop and study the  efficacy  of a 
combination product for the  prevention of both E. 
coli  and  R. anatipestifer infections. 

The definitive diagnosis of R. anatipestifer 
infection requires isolation and identification 
depending on growth, morphological and 
biochemical characteristics. However, it is 
characterized more by the absence than by the 
presence of specific phenotypic properties (Hinz 
et al., 1998), no selective and/or indicative media 
have been established for R. anatipestifer (Rimler 
et al., 1998). While serotyping is the traditional 
method for differentiation between R. anatipestifer 
isolates (Pathanasophon et al., 2002), other 
methods, including repetitive-sequence 
polymerase chain reaction (Rep-PCR) (Huang et 
al., 1999), PCR based on 16S rRNA or rpoB 
genes (Christensen and Bisgaard, 2010), 
multiplex PCR (Hu et al., 2011), matrix-assisted 
laser desorption/ionization-time of flight (MALDI-
TOF) mass spectrometry (Rubbenstroth et al., 
2013) have also been used to characterize 
isolates. (Liu et al., 2018) developed genetic 
methods that provide new and useful tools 
required to investigate the physiology and 
pathogenic mechanisms of R. anatipestifer. 
Disease severity of R. anatipestifer infection 
depends on several factors including route of 
infection, host species, and pathogenicity of the 
serotype. Virulent serotypes can cause great 
economic loss to the agricultural community. 

Efforts to immunize birds against R. 
anatipestifer are complicated by the occurrence of 
many serotypes which don't cross protect 
(Sandhu, 1979). Vaccines, such as bacterin, have 
been developed to prevent and control infectious 
serositis in poultry flocks. R. anatipestifer bacterin 
does not always induce cross-protection. 
Inactivated bacterins have been successfully used 
for prophylactic immunization but at least two 
injections are required. Several attempts have 
been made to immunize ducks against R. 
anatipestifer infection, using either inactivated 
bacterin or live vaccines. Most vaccines required 
more than one injection (Layton and Sandhu, 
1984). The present investigation aimed to prepare 

a potent combined inactivated vaccine of R. 
anatipestifer and E. coli. 
 
MATERIALS AND METHODS 

Bacterial Strains: 

R. anatipestifer:  
A total of 190 samples were collected from 

diseased and freshly dead ducklings of 5-21 days 
of age from different governorates in Egypt as 
shown in Table 1. Specimens were taken mainly 
from heart blood, livers and lungs.The collected 
diseased ducklings showed severe clinical 
manifestation as exhaustion, drowsiness, loss of 
appetite, ruffled feathers, swimming in circles, 
lameness, labored breathing, cyanosis, nervous 
manifestation, watery green-yellowish diarrhea, 
respiratory sign (ocular and nasal discharge) and 
mucous discharge from the mouth.  

Escherichia coli: 
E. coli O78 was kindly obtained from Central 

Laboratory for Evaluation Veterinary Biologics 
(CLEVB), Abbasia, Cairo and was inoculated onto 
MacConkey agar medium at 37°C for 24 hr. It was 
confirmed biochemically by using API 20E 
identification system following the procedures of 
kit manual and serotyped in AHRI (Animal Health 
Research Institute, Dokki).  

Bacteriological identification of R. 
Anatipestifer : 

The collected samples were subjected to 
bacteriological examination (Brogden et al., 1982) 
and direct inoculated into trypticase soya broth 
then incubated at 37°C for 24 hours. The cultures 
were inoculated on blood agar and MacConkey 
agar medium (Oxoid) then incubated at 37°C for 
24-48 hours. The colonies that failed to grow on 
MacConkey agar medium and non-hemolytic on 
blood agar with typical morphological appearance 
were picked up for identification. Suspected 
colonies were picked up and stained by Gram’s 
stain then examined microscopically for detection 
of Gram negative microorganism. 

Direct smears from heart blood, livers, lungs, 
spleen were prepared and stained by Leishman’s 
stain for demonstration of the bipolarity of R. 
anatipestifer under microscope. Pure culture of 
the suspected isolates was identified 
biochemically using API 20E identification system 
(bioMérieux). 
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Table 1: number and source of the examined samples. 

Source of samples Diseased ducklings Freshly dead ducklings Total 

Muscovy 92 42 134 

Baladi 30 26 56 

Total 122 68 190 

Molecular identification of R. anatipestifer 
isolates by16s rRNA PCR: 

DNA was extracted from the isolates using 
QIAMP DNA Mini Kit (according to instruction of 
the manufacture) and was subjected to a 
previously standardized PCR assay according to 
(Tsai et al., 2005). 

Primer pairs (Biomatik) [the sense primer 
(RA20F2: 5'- CAGCTTAACTGTAGAACTGC -3') 
and the antisense (RA20R4: 5'- 
TCGAGATTTGCATCACTTCG -3') primer] to 
detect 16s rRNA gene with expected fragment at 
662 bp were used.  

Vaccine preparation: (Layton & Sandhu, 1984) 
E. coli bacterin was made with cultures grown 

in tryptose broth (Difco). After 18-24 hr of 
incubation at 37°C, purity was checked on 
trypticase soy agar and Eosin Methylene Blue 
agar plates (Difco). Viable colony forming units 
(CFU) were determined by the serial dilution 
method. Formalin was added to a final 
concentration of 0.4% for inactivation. R. 
anatipestifer bacterin was prepared as described 
in E. coli bacterin preparation. Then Montanide 
ISA71 (SEPPIC®, France) was mixed with one 
part of bacterial suspension in a ratio of 71 
adjuvant: 29 antigen. Based on bacterial counts, 
appropriate quantities of each bacterin were 
mixed to obtain the combinated E. coli - R. 
anatipestifer bacterin that contained 
approximately 108 cells of E. coli and 109 cells of 
R. anatipestifer /dose (0.5 ml). 

Immunization. Ducklings were injected 
subcutaneously (s/c) in the neck with 0.5 ml of the 
prepared bacterin. Inoculations were given at 2 
and 3 weeks of age. 

Pekin Ducks: 
One hundred: one day-old apparently healthy 

Pekin ducklings obtained from commercial farm at 
El-Minufiya Governorate were used for this study. 
The ducklings had no symptoms for duck 
septicemia infection and free from R. anatipestifer. 
The ducks were kept and reared in separate pens 
at the animal husbandry facilities of Central 
Laboratory for Evaluation Veterinary Biologics 

(CLEVB) until used for inactivated bacterin 
experiment. 

Experimental design(Layton & Sandhu, 1984): 

One hundred ducklings aged 1 week old were 
divided into: 

Group 1:  
20 duckling vaccinated s/c with 0.5 ml of the 

montanide (ISA 71) adjuvanted R. anatipestifer 
inactivated vaccine. 

Group 2:  
20 duckling vaccinated s/c with 0.5 ml of the 

montanide (ISA 71) adjuvanted E. coli inactivated 
vaccine.  

Group 3:  
40 vaccinated s/c with 0.5 ml of the montanide 

(ISA 71) adjuvanted E. coli- R. anatipestifer 
inactivated vaccine.  

Group 4:  
10 unvaccinated ducklings (control group) 

challenged with R. anatipestifer. 

Group 5:  
10 unvaccinated ducklings (control group) 

challenged with E. coli.  
 Blood samples were collected directly before 

vaccination and weekly for 3 weeks after 
immunization and up to 3 weeks after challenge. 
The collected blood samples were allowed to clot 
overnight at 4oC then centrifuged at 3000 xg for 
10 minutes. Then all separated sera were stored 
at -20°C till used. 

Quality control testing of the prepared 
experimental vaccines (OIE,2013): 

Sterility test 
The prepared vaccines were tested to be free 

from any contaminant (aerobic and anaerobic 
bacteria, fungus and mycoplasma. 

Safety test 
Safety of the prepared vaccine was tested 

(OIE, 2013); in which twenty ducklings; 7 days old 
for each vaccine (10 duckling/ vaccine) were 
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injected subcutaneously with double doses of the 
prepared vaccines. Ducklings were observed for 
14 successive days to detect any signs of local 
reaction, clinical symptoms or death. 

Challenge test 
Ducklings were challenged S/C in the leg 3 

weeks after the last bacterin inoculation. The E. 
coli challenge contained approximately 108 CFU in 
0.5 ml, and the R. anatipestifer challenge 
contained approximately 109 CFU/0.2 ml.  
Mortality was recorded daily for 7 days, after 
which surviving ducklings were killed and 
examined for pathological lesions. Selected 
tissues from dead ducklings were cultured for 
bacterial isolation and identification. 
 
RESULTS 

Isolation and identification of R. anatipestifer: 
Postmortem lesions included hemorrhages in 

the heart, liver, gizzard and intestine and white 
spots and necrotic foci on the liver and spleen. All 
blood films prepared from blood smears of the 
infected samples showed bipolar coccobacilli in 
between RBCs when stained by Leishman's stain. 

The produced colonies on 5% defibrinated 
blood agar were small, convex, transparent, and 
circular, dew drops like, mucoid, butyrous and by 
aging they were large and viscous. All isolates 
could not grow on MacConkey agar or produce 
hemolysis in blood agar. Smears from colonies; 
prepared and stained with Gram stain; showed 
Gram negative rod shape or short coccobacilli 
organism. Direct smears stained by Leishman’s 
stain showed typical bipolar coccobacilli in-

between the RBCs. The isolates were confirmed 

biochemically using API 20E sysمخtem. 

PCR for detection of 16srRNA gene: 
4 out of 5 isolates were proved to be positive 

R. anatipestifer using PCR and showed the 
specific expected PCR products at 662 bps as 
shown in Figure (1). 

Results of quality control of the prepared 
vaccines: 

The prepared vaccines were examined for: 

Purity test: 
The prepared vaccines were pure. 

Sterility test: 
The prepared vaccines were free from 

bacterial and fungal contamination. 

Safety test: 
The vaccines were found to be safe and no 

clinical symptoms were appeared when inoculated 
s/c into ducklings with double dose of the 
prepared vaccines. 

Challenge test: 
The data illustrated in Table (2) showed that 

the protection % against the challenge with R. 
anatipestifer was 90% for G1 and 100% for G3 in 
comparison with 0% for G4.  

The data illustrated in Table (3) revealed that 
the protection % against the challenge with E. coli 
(O78) was 85% for G2 and 95% for G3 in 
comparison with 20% for G5.  

 
 

 

Figure 1: The amplified PCR product (662 bp) specific to R. anatipestifer. 
Lane1: marker (100bp-3000bp DNA ladder with stain), Lane 2: negative control, Lane 3: positive 

control (R. anatipestifer ATCC# 11845), Lanes 4, 5, and 6: positive isolates. 
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Table 2. Results of challenge test against R. anatipestifer in ducklings vaccinated with combined 
R. anatipestifer and E. coli (O78) and R. anatipestifer vaccines: 

Groups Total No. of challenged ducks No. of dead ducks survived Protection rate 

Group (1) 20 2 18 90% 

Group (3) 20 0 20 100% 

Group (4) 10 10 0 0 

 
Group 1: duckling vaccinated with montanide ISA 71 adjuvanted R. anatipestifer inactivated vaccine 
Group 3: duckling vaccinated with montanide ISA 71 adjuvanted R. anatipestifer- E. coli (O78) inactivated vaccine 
Group 4: unvaccinated ducklings (control group) challenged with R. anatipestifer 

 
Table 3. Results of challenge test against E. coli (O78) in ducklings vaccinated with combined R. 

anatipestifer and E. coli (O78) and E. coli (O78) vaccines: 

Groups Total No. of challenged ducks No. of dead ducks survived Protection rate 

Group (2) 20 3 17 85% 

Group (3) 20 1 19 95% 

Group (5) 10 8 2 20% 
Group 2: duckling vaccinated with montanide ISA 71 adjuvanted E. coli (O78) inactivated vaccine. 
Group 3: duckling vaccinated with montanide ISA 71 adjuvanted R. anatipestifer- E. coli (O78) inactivated vaccine. 
Group 5: unvaccinated ducklings (control group) challenged with E. coli (O78). 

 
DISCUSSION 

R. anatipestifer infection is a contagious 
disease of domestic ducks, geese, turkeys and 
various other domestic and wild birds (Saif, 2008). 
The disease started in 7-10 weeks old ducks with 
about 10% mortality. Later spread to younger 
ducklings of about 3 weeks of age (Saif, 2008).  

The present study supports the previous 
findings of Dudzic (2011) and (Zhou et al., 2011) 
who recorded that R. anatipestifer is a Gram 
negative, capsulated, bipolar, non-motile, non-
spore forming and facultative anaerobic bacteria. 
The isolates were proven to form small non-
hemolytic, dew drop-like non-mucoid, iridescent, 
smooth, and non-pigmented colonies. All local 
isolates were subjected to biochemical 
identification through API 20E system and 
molecular characterization through PCR. The 
biochemical reactions of R. anatipestifer revealed 
that all the isolates were indole negative and 
ornithine decarboxylase (ODC) negative. This 
finding agreed with the results obtained from 
(Brenner et al., 2005). Our isolates revealed 
gelatin liquefaction positive and this is meeting 
with (Ryll et al., 2001) who reported positive 
reaction for all tested isolates. Our results showed 
that R. anatipestifer did not grow on MacConkey's 
agar and have no hemolysis on blood agar. These 
are in agreement with (Bangun et al., 1981) and 
Brogden (1989). R. anatipestifer infection is 
always confused with E. coli infection, so, early 
and accurate diagnosis of this infection is 
important to avoid high loss by mortality. PCR is a 
highly and specific sensitive and rapid assay for 

identification of microbial infections, So, this was 
used in the present study. PCR assay applied on 
the sequence of 16S rRNA gene which 
considered a stable sequence on all prokaryotes 
chromosome. The 16S rRNA based PCR has 
been employed to detect R. anatipestifer (Tsai et 
al., 2005; Soman, 2014). 

In the present study, the 5 positive R. 
anatipestifer isolates showed positive results with 
biochemical tests undergo PCR for confirmation of 
biochemical results using 16s rRNA primer 
showing 4 of 5 positive isolates (80%). Four 
isolates amplified PCR products at 662 bps 
specific to R. anatipestifer. This result is going in 
parallel with what was recorded by (Tsai et al., 
2005). 

Several attempts have been made to 
immunize ducklings against R. anatipestifer 
infection using inactivated bacterins and live or 
cell-free culture filtrate vaccines (Zhai et al., 
2012). Inactivated bacterins and live vaccines 
have successfully conferred protection against 
homologous strains or serotypes of R. 
anatipestifer but were unable to protect against 
heterologous serotype exposure (Crasta et al., 
2002).Among the different trials in duck 
immunization against R. anatipestifer infection, 
the autogenously monovalent or polyvalent 
prepared bacterin from local pathogenic strains 
provided the highest protection against 
homologous strains under experimental and field 
condition (Tripathy et al., 1980). Also, Bisgaard 
(1982) recommended the use of autogenous 
vaccine for a continuous surveillance to particular 
serotypes prevalent on each farm (Liu et al., 
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2013) developed a trivalent inactivated vaccine of 
R. anatipestifer, including strains CH3 (serotype 
1), NJ3 (serotype 2), and HXb2 (serotype 10). 
(Kang et al., 2018) developed monovalent and 
bivalent R. anatipestifer vaccines that were safe in 
ducks and provided significant protective efficacy 
against virulent homologous R. anatipestifer 
strains. R. anatipestifer strains are responsible for 
most of the major disease outbreaks. Therefore, 
the immunogenicity induced by a broth culture 
bacterin prepared from local strains was studied in 
ducks and the protective rates of the prepared 
autogenous vaccine were investigated. Among 
the respiratory diseases of ducks, R. anatipestifer 
and E. coli infections are of primary economic 
importance to the duck industry. Since both E. coli 
and R. anatipestifer infections occur at about the 
same age and are not distinguishable by clinical 
signs or lesions, it considered highly desirable to 
develop and study the efficacy of a combination 
product for the prevention of both E. coli and R. 
anatipestifer infections. So, in the present study 
bivalent E. coli and R. anatipestifer formalin 
inactivated vaccines were prepared, and the 
immune response was monitored using challenge 
test. 

The data of the protection percentages in 
ducklings after challenge with R. anatipestifer and 
E. coli reveals that the locally prepared bivalent 
inactivated E. coli and R. anatipestifer vaccine 
induced a considerable immunity in ducklings as it 
gave early, high and long duration of antibody 
response. Also, it was efficient and safe in 
protection of ducklings against E. coli and R. 
anatipestifer infections. Depending on the 
obtained results, it could be suggested to use this 
bivalent vaccine for control of E. coli and R. 
anatipestifer in duck industry. 

CONCLUSION 
R. anatipestifer is important in veterinary 

medicine as it is distributed worldwide and causes 
serious problems in commercial duck and 
ducklings’ flocks. 

The results demonstrate the efficacy of 
inactivated vaccines in preventing R. anatipestifer 
and E. coli infections in ducklings; so, this vaccine 
can be used for its immunization consequently, 
protection of the duckling's flocks against the 
hazardous effect of R. anatipestifer. 
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