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Abstract

AIM: To analyze the difference of intestinal microbial
community diversity between healthy and (S. enteritidis)
orally infected ducklings.

METHODS: Enterobacterial Repetitive Intergenic
Consensus (ERIC)-PCR was applied to analyze the
intestinal microbial community diversity and dynamic
change including duodenum, jejunum, ileum, cecum and
rectum from healthy ducklings and 7-day-old ducklings
after oral infection with S. enferitidis at different time
points.

RESULTS: The intestinal microbial community of the
control healthy ducklings was steady and the ERIC-
PCR band numbers of the control healthy ducklings
were the least with rectum and were the most with
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caecum. ERIC-PCR bands of orally inoculated ducklings
did not obviously change until 24 h after inoculation
(p.i.). The numbers of the ERIC-PCR bands gradually
decreased from 24 h to 72 h p.i.,, and then, with the
development of disease, the band numbers gradually
increased until 6 d p.i. The prominent bacteria changed
because of S. enteritidis infection and the DNAstar of
staple of ERIC-PCR showed that aerobe and facultative
aerobe (Escherichia coli, Shigella, Salmonella) became
preponderant bacilli in the intestine of orally infected
ducklings with SE.

CONCLUSION: This study has provided significant data
to clarify the intestinal microbial community diversity
and dynamic change of healthy and S. enteritidis
orally infected ducklings, and valuable insight into the
pathogenesis of S. enteritidis infection in both human
and animals.

© 2008 WJG. All rights reserved.
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INTRODUCTION

Salmonella enteritidis (S. enteritidis) remains one of the main
causes of food-borne illness and as such is considered to
be the most important pandemic zoonosis produced under
natural conditions' . It is estimated that the worldwide
incidence is more than a thousand million cases, causing
three million deaths each year. S. enteritidis can through

the food production chain pass to humans, therefore
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undercooked or raw eggs and poultry meat are of a high
risk for humans™”. Infections caused by Salmonella bacteria
belong to the most common zoonotic diseases worldwide!”.
Outbreaks of human salmonellosis caused by S. enteritidis
have dramatically increased throughout the world since the
mid-to-late 1980s and have become an important problem
for the poultry industry and public health.

Intestinal microflora plays an important role in
digestive function, immunity, and disease resistance.
It becomes clear that intestinal resident and in-transit
micro-organisms play an essential role in the homeostasis
of local and systemic immunity™”. A large number of
microbial species exist in gastrointestinal tract. However,
traditional culture-based techniques are inappropriate in
studying the structure-function relationship of microbial
communities due to their highly selective, laborious and
time-consuming nature. Only a relatively small fraction
of population members in a complex natural community,
such as gastrointestinal system, can be recovered with
culture-based techniques”. ERIC-PCR method developed
in recent years can simultaneously compare sequence-
based structural features of large numbers of community
samples"™, In this study, to understand the changes of
intestinal microbial communities of S. enteritidis-infected
ducklings, ERIC-PCR method was used to fingerprint the
kinetics of microbial community of fecal samples of orally
infected ducklings with §. enteritidis, which will provide
valuable insight into the pathogenesis of §. enteritidis
infection.

MATERIALS AND METHODS

Bacterial strain

S. enteritidis (Duck, No.MY1) was isolated and maintained
by Avian Disease Research Center, College of Veterinary
Medicine of Sichuan Agricultural University.

Ducklings

The study was conducted with 68 7-day-old white
Peking ducklings (the serum and feces samples of all
experimental ducklings were tested and found to be §.
enteritidis negative by PCR methods). All these ducklings
were maintained in isolation units in a biosecure
animal building and fed a commercial ducklings diet ad
libitum. Two groups of ducklings were included in this
study. Group 1 was used to test the dynamic change
of intestinal microbial community diversity and 48
ducklings in this group were randomly divided into part
A (24 orally inoculated ducklings) and part B (24 control
healthy ducklings). Ducklings in part A were orally
infected with 0.2 mL S. enterstidis culture solution (4 X 10’
CFU/mL) and ducklings in part B were simultaneously
administrated with 0.2 mL isotonic Na chloride. The
clinical signs and pathological lesions of infected
ducklings were monitored until 21 d after inoculation
(p.i.) and the mortality was recorded in Group 2. In this
group, 20 ducklings were averagely divided into two
parts (C and D) at random. Ten ducklings in part C were
orally infected with 0.2 mL S. enteritidis culture solution
(4 x 10" CFU/mL) and 10 ducklings in part D took

simultaneously 0.2 mL isotonic Na chloride.

Collection of samples

Ducklings in Group 1 were killed and sampled at 30 min,
1h,2h,4h,8h,12h,24h,36h,48h,72h,6d,9d pi.
At each of the 12 sampling time points between 30 min
and 9 d pi., two ducklings of each part in Group 1 were
chosen randomly for sampling, Five samples were collected
from each duckling, including contents from 3 cm-long
duodenum, jejunum, ileum, caecum and rectum tissues.
Fresh samples were collected, put into 80% glycerol and
stored at -70°C before DNA extraction.

Total DNA extraction and purification

DNA extraction procedure modified from Wei G ez al”
was used to prepare the DNA templates for PCR reactions
to ensure that stable, representative and reproducible
fingerprints were obtained. The sample above was
suspended in 15 mL sterile 0.05 mol/L phosphate buffered
saline (PBS) (1 L contained 1.48 g NaH2PO4.2H20, 14.45 ¢
NaH2POs, 4.0 g NaCl; pH 7.4) followed by vortexing for
15 min in an 50-mL tube. The suspension was centrifuged
at 600 X g for 5 min and transferred to a new tube. This
was repeated three times to remove coarse particles. The
cells in the supernatant were collected and washed once by
centrifuge at 9000 X g for 3 min followed by resuspension
in 15 mL 0.05 mol/L PBS. The cell pellets were washed
three times by centrifuge at 9000 X g for 5 min in 5 mL
acetone precooling at -20°C. The washed cell pellets were
collected in a new 1.5 mL tube and resuspended in 200 pL.
solution I (50 mmol/L Tris-base, 50 mmol/I. Na2EDTA,
pH 7.8), the suspension was mixed with 40 pl lysozyme
solution (50 mg/mL), water-bathed for 30 min at 37°C
with gentle mixing by inverting the tube every 10 min, and
then was combined with 500 uL solution II (200 mmol/L
NaCl, 100 mmol/L Tris-base, 50 mmol/L Na:EDTA,
2.0% SDS, 1.0% Triton X-100) and 12.5 pl. Proteinase
K, water-bathed for 12 h at 37°C. RNA was digested by
adding RNase (0.80 g/L) at 37°C for 20 min. DNA was
then purified by sequential extraction with Tris-equilibrated
phenol, phenol and chloroform-isoamyl alcohol (25:24:1),
and chloroform-isoamyl alcohol (24:1) followed by
precipitation with two volumes of ethanol. DNA was
collected by centrifugation, air dried and dissolved in 40 pL
sterile TE buffer.

The total DNA samples prepared with the above protocol
were characterized with agarose gel electrophoresis for
integtity and size. The DNA was adjusted to 40 ng/ pL and
stored at -20°C before used as templates for PCR. Two pL
DNA sample was added to 23 pl. PCR mixtures for each
PCR reaction.

DNA fingerprinting

Community fingerprints were obtained for intestinal
microflora using total DNA as templates for ERIC-
PCR. The sequence of the ERIC primers was based on
work by Versalovic e a/'”, E1 (ERIC1): 5-ATGTAA
GCTCCTGGGGATTCAC-3', E2 (ERIC2): 5'-AAGT
AAGTGACTGGGGTGAGCG-3". Each 23 yL PCR
reaction mixture contained 25 pmol of each primer,
5 mmol/L each deoxynucleoside triphosphate (dNTP)
and 2.5 U of Taq DNA polymerase (Promega, USA) in
the manufacturer’s provided buffer. Two microliters of
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Figure 1 ERIC-PCR results of healthy and orally infected ducklings at different time points. (A) M: DL-2000; 1: 6 d duodenum; 2: 72 h duodenum; 3: 24 h duodenum; 4: 1 h
duodenum; 5: 6 d ileum; 6: 72 h ileum; 7: 24 h ileum; 8: 1 h ileum; 9: 6 d jejunum; 10: 72 h jejunum; 11: 24 h jejunum; 12: 1 h jejunum; 13: 6 d rectum; 14: 24 h rectum; 15:
1 h rectum; 16: 6 d caecum; 17: 24 h caecum; 18: 1 h caecum. (B) M: DL-2000; 1: 1 h duodenum; 2: 24 h duodenum; 3: 72 h duodenum; 4: 6 d duodenum; 5: 1 h
jejunum; 6: 24 h jejunum; 7: 72 h jejunum; 8: 6 d jejunum; 9: 1 hileum; 10: 24 h ileum; 11: 72 h ileum; 12: 6 d ileum; 13: 1 h caecum; 14: 24 h caecum; 15: 6 d caecum; 16:

1 hrectum; 17: 24 h rectum; 18: 6 d rectum.

total fecal DNA (about 80 ng) was added to reach the
final 25 pl. PCR reaction volume. PCR amplifications
were performed in an automated thermocycler (Hybaid,
USA) using the following program: 7 min at 95°C; 30
cycles of denaturation at 95°C for 30 s, annealing at 50°C
for 1 min and extension at 65°C for 8 min; followed by a
final extension at 65°C for 16 min"". The concentrations
of the PCR products were determined by DNA Quant
200 fluorometer (Pharmacia, USA) and resolved in 1.5%
agarose gel electrophoresis with 300-400 ng total PCR
products loaded in each lane. The gels were stained with
ethidium bromide and photographed with Bio-Rad,
VersaDoc Model 2000.

Cloning and sequencing of DNA fragments from major
bands"

Gel slices containing individual major DNA bands were
excised and transferred into sterile 1.5 mL Eppendorf
tubes and purified by UltraClean 15 DNA Purification
Kit (MO BIO, USA), according to the manufacturer’s
instructions. The purified DNA was dissolved in
30 uL sterile water and the concentration was determined
by DyNA Quant 200 fluorometer (Pharmacia). The
purified fragments were ligated with vector pGEM-T
Easy (Promega) and transformed into Escherichia coli
DHb5a. The transformants were plated on Luria-Bertani
(LB) plates containing ampicillin and X-Gal/IPTG. The
plasmids were extracted using the alkaline lysis method.
For each part of experimental group, two clones were
selected for sequencing (TaKaRa, Beijing). The sequences
were analyzed with the BLAST program at the NCBI
website (http://www.ncbi.nlm.nih.gov/blast).

RESULTS

Clinical observation of ducklings orally infected with SE

Similar clinical signs and gross findings were observed
in orally infected ducklings with §. enteritidis. Typical
clinical signs including inappetence, depression, lameness,
fervescence, and white diarrhea were observed in all
infected ducklings from around 3 d p.i., and some infected
ducklings had nervous symptom and tremor of head-neck.
Two inoculated ducklings died as a result of S. enteritidis
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infection between 48 h and 60 h p.i. Necropsy revealed
similar lesions in all dead ducklings, including hemorrhages
of the heart, hydropericardium, exudative fibrin on the
surface of the visceral pericardium, hyperaemia and
haemorhage of liver. Hyperaemia and haemorhage of
intestinal tract was also observed. As a result of S. enteritidis
infection, 8 of 10 infected ducklings in part C of Group
2 survived and exhibited no clinical signs except growing
slowly and survived throughout the infection, so the
mortality of the seven-day-ducklings infected with MY1
strain of S. enteritidis was 20%.

The control healthy ducklings in part D of Group 2
had no specific clinical signs and gross findings.

Dynamic monitoring of intestinal microflora in the control
healthy ducklings

The ERIC-PCR fingerprints analysis showed that the
intestinal microbial community of the control healthy
ducklings in part B of Group 1 was steady. The numbers
of the band formed by ERIC-PCR with rectum were the
least and were the most with caecum. However, the band
numbers of duodenum, ileum and jejunum between that
of rectum and caccum (Figure 1A) had.

Dynamic monitoring of intestinal microflora in the orally
infected ducklings

Obvious changes of ERIC-PCR bands of orally
inoculated ducklings were not observed until 24 h
p.i. The numbers of the ERIC-PCR bands gradually
decreased from 24 h to 72 h p.. and reached the least at
72 h p.i. Thereafter, with the development of disease,
the band numbers gradually increased until 6 d p.i. Two
major bands (about 300 bp and 500 bp) were detected in
each sample (Figure 1B).

Results of DNA fragments sequencing from major bands
The sequences about 500 bp of jejunum sampled at
72 h p.., 100 bp of duodenum sampled at 6 d p.i. of
healthy ducklings and 500 bp of ileum sampled at 72 h
p.i., and 300 bp of duodenum sampled at 24 h p.i. of
orally infected ducklings were analyzed with the BLAST
program at the NCBI website (http://www.ncbinlm.nih.
gov/blast) (Table 1).
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Major bands of health ducklings

Major bands of infected ducklings

100 bp (6 d duodenum) 500 bp (72 h jejunum)

300 bp (24 h duodenum) 500 bp (72 h ileum)

Sinorhizobium meliloti enterobacterial,
Pseudomonas syringae,

Escherichia coli 536,

UTIBY, 301. (= 95%)

Erwinia pyrifoliae (= 90%)

Sinorhizobium meliloti enterobacterial,
Xanthomonas campestris enterobacterial,

Yersinia enterocolitica subsp, Sinorhizobium meliloti
enterobacterial,
Xanthomonas campestris

enterocolitica 8081 complete

genome, Escherichia coli W3110

(APECO1, CFT073, L0001, UTI89, 536,
K12-MG1655), Shigella dysenteriae Sd197,
Shigella flexneri 8401 strain,

enterobacterial,
Yersinia pestis (= 80%)

Salmonella typhimurium LT2,
Pseudomonas syringae pv.
Phaseolicola, Pseudomonas syringae pv.
glycinea, strain CYL325, Salmonella
enterica subsp (= 90%)

DISCUSSION

Methods to analyze intestinal microbial community

The structural dynamics of microbial communities have
been monitored using amplified sequences or total genomic
DNA and a variety of genetic fingerprinting techniques,
such as Terminal Fragment Length Polymorphism
(T-RFLP), Amplified Ribosome DNA Restriction Analysis
(ARDRA), Denaturing Gradient Gel Electrophoresis/
Temperature Gradient Gel Electrophoresis (DGGE/
TGGE), of amplified partial 16S/18S rDNAs or fragments
of conserved functional genes and Random Amplified
Polymorphic DNA (RAPD), or Arbitrarily Primed
PCR (AP-PCR)"**. These techniques provide genomic
patterns or profiles of microbial communities, in which
the number of bands reflects the number of predominant
community members, while the intensity of bands
theoretically reflects population levels. ERIC sequence was
first described in Escherichia coli, Salmonella typhimurium
and other enterobacteria™. Two opposing primers were
designed by Versalovic ez al' in 1991 based on the 44-bp
entire conserved central core inverted repeat (ERICALL).
PCR amplification of bacterial genomic DNA with this
primer pair results in highly reproducible and unique
banding patterns for different genomes. ERIC-PCR has
been widely used for typing of bacterial genomes based
on the strain-specific fingerprints. In this study, ERIC-
PCR was used to fingerprint the microbial community of
fecal samples of research subjects to monitor intestinal
microbial community diversity and dynamic change of
healthy ducklings and infected ducklings with §. enzeritidis.
The results indicated that intestinal microbial community
diversity and dynamic change are closely correlated with
the process of infection. The numbers of ERIC-PCR
bands of orally inoculated ducklings gradually decreased
firstly, and then, with the development of disease, the band
numbers gradually increased and recovered.

Distribution and stability of normal flora in intestinal tract
A large number of microbial species exist in gastrointestinal
tract. Intestinal microflora plays an important role in
digestive function, immunity and disease resistance. In this
study, the diversity and dynamics of intestinal microbial
community did not change obviously in control healthy
ducklings analyzed with ERIC-PCR, which is consistent

with the study that the quantity and proportion of each
kind of bacteria are steady relativelymj. The numbers
of the bands formed by ERIC-PCR were the largest in
healthy caecum that contained a bacterial content of
10" cfu/mI-10" cfu/mL". The reason why the ERIC-
PCR band numbers in rectum were the least and its
microbial community were not steady is that the quantity
and category of microflora were mainly influenced by
the proportion of bacterium in ileum and cecum'™’
Duodenum and jejunum are transition zone of intestinal
tract, and bacterium would be washed away to ileum™. So
bands of duodenum and jejunum formed by ERIC-PCR
were relatively less compared with that in jejunum and
caecum.

Intestinal microbial community diversity and dynamic
change of ducklings infected with oral S. enteritidis

The change of intestinal internal environment can result in
dysbacteriosis. So-called dysbacteriosis, is that the quantity,
category and proportion of each kind of bacteria changed,
which will affect the function of host’s gastrointestinal
tract””. In this study, ERIC-PCR bands of orally
inoculated ducklings did not change obviously until 24 h p.i.
These results may suggest that the infection of S. enteritidis
did not seriously affect intestinal microbial community of
infected ducklings. However, the numbers of the ERIC-
PCR bands gradually decreased from 24 h to 72 h p.i.
This result may imply that intestinal microbial community
diversity was affected by the continuous replication of
S. enteritidis in the intestine of infected ducklings, which
reflect the typical clinical sign of diarrhea and several
pathological lesions of hyperaemia and haemorhage of the
intestine. However, with the development of disease, the
band numbers gradually increased until 6 d p.i., and the
typical clinical signs and several pathological lesions also
returned to almost normal at this time. Taken together,
these data suggest that the stability of intestinal microbial
community closely correlated with the progression of
S. enteritidis infection.

Prominent bacterium in intestinal tract of S. enteritidis
infected ducklings

Anaerobic bacterium is prominent in intestinal normal
flora. In this study, the sequencing results of DNA
fragments from major bands of the control healthy
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ducklings indicated that all these bactetia were anaerobe or
facultative anaerobe and among these bacteria, Escherichia
coli and Emwinia play an important role in maintaining the
balance of intestinal microecology. However, few data are
available in the literature showing the other bacteria with
ERIC sequence were prominent bacteria in intestinal tract
of fowl; further investigations are needed to clarify this.
Enteric infection result in the proportion of aerobe and
facultative anaerobe increase™ ™. In this study, sequence
analysis showed that the nucleotide sequence homologies
of the fragment about 500 bp of infected ileum sampled
at 72 h p.i. were above 80% with Sinorhizobinm meliloti
enterobacterial, Xanthomonas campestris enterobacterial, Yersinia
pestis, and the nucleotide sequence homologies of the
fragment about 300 bp of infected duodenum sampled
at 24 h pi. were more than 90% with Yersinia enterocolitica
subsp, enterocolitica 8081, Escherichia coli W3110 (APEC
O1, CF1073, 1.0001, UTI8Y, 536, K12-MG1655), Shigella
dysenteriae $d197, Shigella flexneri 8401 strain, Salmonella
typhimurium 1.T2, Psendomonas syringae pv. phaseolicola and
Pseudomonas syringae pv.glycinea.strain CY1.325, Salmonella
enterica subsp, Erwinia amylovora. However, among these
bacteria, they are all pathogenic strains able to make host
dysentery except Escherichia coli K-12, MG1655. These
data suggest that the pathogenic bactetia were prominent
in intestinal microbial community when orally infected
ducklings with S. enteritidis developed signs of diarrhea.
Moreover, several pathogenic bacterial species including
Yersinia pestis represent a real secondary infection, which
may imply that infected ducklings with §. enteritidis were
followed by secondary bactetial infection.

The lesions of intestinal mucous membrane caused
by SE infection result in dysbacteriosis of intestinal
normal flora, the increase of native bacterium, and the
transformation from beneficial bacterium to pathogenic
bacterium. Furthermore, as a result of SE infection,
depression of immunity, disfunction of intestinal mucous
membrane and dysbactetiosis can also raise the pathogenic
bacterial levels in the intestine, such as Escherichia coli,
Shigella and Salmonella. Therefore, the increased proportion
of pathogenic bacteria may be crucial in determination of
diarrhea symptoms in S. enteritidis infection.

COMMENTS

Background

Salmonella has been a concern of public health for over 100 years and the
incidence of Salmonella infections has increased dramatically, especially
S. enteritidis infection. Knowledge about the Salmonella infection could be
an additional means for decreasing the incidence of infection. Infection with
Salmonella is usually started by oral ingestion of the pathogen and is followed by
dysbacteriosis of the gut and diarrhea. It is therefore, necessary to understand
intestinal microbial community diversity.

Research frontiers

Up to date, there has been no report about the intestinal microbial community
diversity of animal S. enteritidis infected. ERIC-PCR, as a technique used for
typing of bacterial genomes based on the strain-specific fingerprints obtained, will
be an ideal method to study the intestinal microbial community diversity of S. enteritidis
infected animals.

Innovations and breakthroughs
Previous studies considered that S. enteritidis established itself within the walls of
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the small intestine before a systemic infection could be demonstrated. However,
these works were unable to identify the dynamic change of intestinal microbial
community of S. enteritidis infected animals. In this study, the authors offered a
significant improvement over current studies and suggested that S. enteritidis
infection can cause dysbacteriosis of gastrointestinal tract.

Applications

This study will provide significant data for clarifing intestinal microbial community
diversity of ducklings infected with S. enteritidis and new insight into the prevention
and treatment of S. enteritidis infection.

Terminology
Dysbacteriosis: The change in quantity, category and proportion of each kind of
bacteria.

Peer review

This study analyzed intestinal microbial community diversity of different segments
of the gastrointestinal tract in healthy and orally infected ducklings with Salmonella
enteritidis by ERIC-PCR method. The results show that SE infection can result in
dysbacteriosis of infected ducklings, and the ERIC-PCR method is a useful tool
when applied to pathogenesis and prevention of S. enteritidis infection.
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