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Abstract
The aim of this work is to investigate the efficacy of non-antibiotic microecological complex preparation in the prevention of Escherichia coli - induced diarrhea in swine. A specific non-antibiotic microecological complex was prepared after sterilization and supplementation with probiotics. This preparation was used to prevent Escherichia coli (E.coli) induced diarrhea in neonatal swine. Self-field epidemic strains were used to prepare vaccine and bacteriophages that were successfully applied to prepare the microecological
complex preparation. Results showed no difference of cure rate of diarrhea between swine
treated with microecological complex and antibiotic treatment (P>0.05). In the microecological complex treated swine, the recurrence rate of diarrhea was significantly
lower than that in the antibiotic treated swine within 1 month (P<0.05). The microecological complex treatment could significantly reduce the incidence of diarrhea in pregnant
swine (P<0.05), but treatment had no significant influence on the survival rate of neonatal
swine (P>0.05). The microecological complex treatment could significantly reduce the incidence of diarrhea in weaned swine (P<0.05) but had no significant influence on the survival rate of neonatal swine (P>0.05). The specific microecological complex preparation is
effective to treat the E. coli - induced diarrhea and can reduce the short-term recurrence
of diarrhea in swine. The microecological complex treatment in pregnant swine can reduce
the incidence of diarrhea in neonatal swine, and the complex used in neonatal swine can
decrease the incidence of diarrhea in weaned swine.
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Introduction
Pathogenic Escherichia coli (E. coli) is a common and
important pathogen causing zoonosis. They can infect
humans via the animal source food or food contaminated
by animal excrement, causing infectious food poisoning
in humans and animals which is characterized by hemorrhagic enteritis. The pathogenic E. coli can be divided
into enterotoxigenic E. coli (ETEC), enteroinvasive E.
coli (EIEC), enteropathogenic E. coli (EPEC), enterohaemorrhagic E. coli (EHEC) and enteroaggregative E.
coli (EAEC) [1]. Since the EHEC induced food poisoning
was identified in USA in 1982, the EHEC infection increases and spreads, and the outbreak and epidemic of
EHEC induced diarrhea have been found in several countries including England, Canada and Japan. Especially, the
EHEC induced diarrhea originating in Germany in May
2011 [2] spread more than in 16 countries including
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Europe and North America, and resulted in 4000 diarrhea
cases and 50 related deaths. This caused worldwide panic
and has been a public health emergency well within the
memory of humans.
The major source of EHEC infection is animals, and the
manifestations of EHEC infection in animals range from
symptomless as a carrier to fetal diarrhea causing death.
In China, pork is a major source of meat. E. coli- induced
diarrhea is a common disease threatening the growth and
development of neonatal swine. E. coli -induced diseases
include yellow and white scour, edema disease and sepsis,
and have a high morbidity and mortality [3]. In China, the
major strategy for the prevention and treatment of E. coli
induced diseases is addition of a large amount of antibiotics to the feed. This has detrimental consequences e.g. it
influences the normal intestinal flora causing flora imbalance, leaves excessive drug residues in animal products
affecting the quality of export products and leads to the
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occurrence of animal-derived drug resistant bacteria
which hampers the prevention and treatment of infectious
diseases in animals and humans.
Currently, microecological complex preparation (MECP)
has been accepted as a strategy in the treatment of E. coli
induced diarrhea in humans and animals [4]. In the present study, specific MECP [5] was prepared targeting the
prevalent E. coli in neonatal swine. The virulent phages
were separated and used to prepare the inactivated vaccine which was supplemented with probiotics to prepare
the non-antibiotic MECP. After sterilization, supplementation with probiotics and establishment of immunity,
MECP was prepared aiming to explore a strategy for the
prevention and treatment of E. coli induced diarrhea in
neonatal swine. Our findings may provide theoretical evidence for the prevention and treatment of E. coli induced
diarrhea in organic pig production.

method was employed to separate the virulent phages of
pathogenic E coli from the contaminated water. Then,
double layer agar test was done to screen the virulent
phages followed by purification and amplification. Then,
the phage solution was prepared [6].
Preparation of inactivated vaccine with pathogenic E coli
According to previously described (3), the inactivated vaccine was prepared. Adjuvant was not added because some
components including probiotics in this preparation can
serve as adjuvant.
Preparation of specific MECP
The inactivated bacteria solution was mixed with 30%
alhydrogel brine solution followed by addition of 30%
glycerol saline. After vortexing, the Streptococcus faecalis, Lactobacillus acidophilus and CaCO3 were added
according to previously described. The MECP was added
to a sterilized bottle and was stored at -20℃.

Materials and Methods
Samples
The swine were from the swine farm of Heap BioTechnology Group and Nanzhuang County, and the Ethics
Committee approved this study. Diarrheal feces were collected from the neonatal swine from the swine farm of
Nanzhuang County in Foshan City and Heap BioTechnology Group.
Reagents
Media, chemical reagents, trace fermentation tube, E. coli
O-antigen factor serum and filters were purchased from
the Haozhi Trading Co., Ltd in Guangzhou City, and E.
coli O157 diagnostic serum was kindly provided by the
Department of Laboratory, Nanfang Hospital.
Probiotics and accessories
Streptococcus faecalis and lactobacillus acidophilus were
provided by the Heap Bio-Technology Group, and CaCO3
of Pharmaceutical Grade was from Hongxuan calcium
carbonate Co., Ltd in Dongguan City.
Preparation of specific MECP
Separation and purification of pathogenic E. coli
The feces were inoculated onto SS medium followed incubation at 37℃ for 18-24 h. The E. coli which were
pink, gram-negative and ++-- in the IMViC test were selected for O serotype identification. Once the serotype of
E.coli was confirmed, the E. coli were seeded onto Nutrient broth agar followed by incubation at 37℃ for 18-24 h.
The bacteria were collected and stored at 4℃ for use.
Separation and purification of virulent phages of pathogenic E coli
The above E coli were host bacteria. Single layer agar
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Treatment of diarrhea in neonatal swine
1) Selection and grouping of diarrhea neonatal swine: The
neonatal swine and weaned swine (n=138) with simple
diarrhea (no fever and organ failure) were recruited and
numbered according to the time of diarrhea. The No 5
swine and animals with multiple of 5 (n=27) served as
experiment group and the remaining 111 animals as controls. 2) Treatment: In the experiment group, the neonatal
animals received intragastrical MECP at 50 ml/d/animal,
and the weaned animals at 100 ml/d/animal. In the control
group, animals were treated with antibiotics. Then, animals were observed until they recovered from diarrhea.
The time to recovery, therapeutic efficacy and recurrence
of diarrhea within 1 month were determined (Table 1).
Prevention of diarrhea in neonatal swine by treating
pregnant swine
1) Grouping of pregnant swine: 28 pregnant swine were
grouped: the NO5 animal and those with multiple of 5
served as experiment group and a total of 41 neonatal
swine were born. The remaining 23 pregnant swine
served as controls and a total of 127 neonatal swine were
born by 19 mother swine. In addition, 29 neonatal swine
born by 4 mother swine were treated and then observed.
2) Strategy for prevention: Pregnant swine were treated
with MECP at 100 ml/d/animal from about 1 month before delivery to the end of breast-feeding period. In the
control group, animals were normally fed. The incidence
of diarrhea was detected in neonatal swine, and that was
also determined within 1 month after weaning (Table 2).

Prevention of diarrhea in neonatal swine
1) Grouping: 156 neonatal swine were grouped: NO5
animal and those with multiple of 5 served as experiment
group (n=29) and the remaining 127 neonatal swine as
controls. 2) Strategy for prevention: At 2 weeks before
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and after weaning, neonatal swine were treated with
MECP at 100 ml/d/animal. Animals in the control group
were normally fed. The incidence of diarrhea was determined after weaning (Table 3).
Statistical analysis
Data were expressed as percentage and compared with
non-parametric Chi-Square Test. Statistical analysis was
done with SPSS version 10.0. A value of P<0.05 was considered statistically significant.

Results
The feces were used to separate the pathogenic E coli.
Serotyping showed the E coli was ETEC. The E coli O157
were not detectable. The pathogenic E coli were used as
host bacteria for separation of virulent phages (Figure 1).
Prevention of diarrhea with MECP in swine
Determination
Discontinuation of diarrhea and recovery to normal diet

Figure 1: Separation and purification of phages. A. negative colonies in single layer agar; B. negative colonies in double layer agar; C. Purification and amplification of phages.
Table 1. Treatment of diarrhea with MECP in neonatal swine
Group
Experiment (n=27)
Control (111)
P

Time to recovery (d)
7±3
5±2

Cure rate (%)
77.78(21/27)
87.39(97/111)
0.165

Recurrence rate (%)
9.52(2/21)
29.89(29/97)
0.043

Table 2. Diarrhea in neonatal swine after treatment of pregnant swine with MECP
Incidence of diarrhea
in neonatal swine (%)

Group

Experiment

Control

Pregnant
(n=5)
neonatal
(n=41)
Pregnant
(n=19)
neonatal
(n=127)

P

Survival rate in
neonatal swine (%)

Incidence of diarrhea in
weaned swine (%)

21.95(9/41)

87.81(36/41)

36.11(13/36)

40.95(52/127)

79.53(101/127)

34.65(35/101)

0.020

0.170

0.514

swine
swine
swine
swine

Table 3. Incidence of diarrhea in wean swin
e after MECP treatment of neonatal swine
Group
Experiment

Pregnant swine (n=4)
neonatal swine (n=29)
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Incidence of diarrhea in
weaned swine (%)

Survival rate in neonatal
swine (%)

13.79(4/29)

89.66(26/29)
81
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Control
p

Pregnant swine (n=19)
neonatal swine (n=127)

34.65(35/101)
0.023

Discussion
The treatment of pathogenic E. coli - induced diarrhea has
been a challenge to the veterinarians and medical doctors
[7,8]. E coli is one of the normal flora in human intestine,
and hence the treatment of pathogenic E coli may inevitably affect the normal flora in the intestine. In China, the
Emergency Response Plan for Enterohemorrhagic E. coli
(EHEC) Induced Diarrhea indicates that isolation and
treatment are necessary for patients infected or suspiciously infected by EHEC. The major strategy is the supportive therapy in which MECP is used. In principle,
antidiarrheal agents and drugs for peristalsis inhibition are
not recommended. For patients infected or suspiciously
infected by EHEC, antibiotic treatment is prohibited, and
antibiotic is also not recommended in other diarrhea patients in the affected areas. For exposure subjects, prophylaxis is recommended, especially with MECP. In the present study, MECP containing coliphage, inactivated vaccine and intestinal probiotics were used to prevent and
treat diarrhea in swine, which is crucial for the treatment
of E. coli- induced diarrhea, and also provide evidence for
the treatment and prevention of E. coli -induced diarrhea
in humans.
Our results showed: 1) the self-field prevalent strains
were used to prepare the vaccine and phages, which were
then employed to prepare the MECP. This MECP when
applied to treat diarrhea in swine, exerted an antibioticlike activity superior to only antibiotic treatment in preventing recurrence of diarrhea. 2) MECP treatment in
pregnant swine reduced the incidence of diarrhea in neonatal swine. 3) MECP treatment in neonatal swine decreased the incidence of diarrhea in weaned swine. These
findings suggest that MECP is effective to treat E. coli induced diarrhea and can reduce the recurrence in short
time; MECP treatment in pregnant swine may reduce the
incidence of diarrhea in neonatal swine; MECP treatment
in neonatal swine may decrease the incidence of diarrhea
in weaned swine.
The antidiarrheal effect of specific MECP is related to its
components: First, the prevalent E coli were used to separate the therapeutic phages, which have specific tracing
and amplification of bactericidal effects and are not influenced by the drug resistance mutation in bacteria [9,10].
Bactericidal therapy with phages [11] is an ancient and
effective antimicrobial therapy. The virulent phages have
natural antimicrobial activity, and also possess the characteristics of individualized therapy. Especially, the antibiotic resistance increases. Thus, antimicrobial therapy with
phages has been a focus in the development of antimicro82

79.53(101/127)
0.158

bial agents. In the present study, phages were used to treat
diarrhea as they reach the intestine and help to kill the
pathogenic E coli. At the same time, the phages multiply
significantly and may excrete via feces to kill the host
bacteria in environment. In addition, the pathogenic E coli
were used to prepare the inactivated vaccine, which has
the activity of active immunization and may stimulate
intestine to produce secretory antibodies against specific
pathogenic E. coli. This increases the immunity of swine
to defend a second infection with these pathogenic E. coli
[12]. Finally, intestinal probiotics help to regulate the intestinal micro-ecological environment and elevate humoral immunity [4].
Taken together, the MECP is a non-antibiotic microecology and contains several antibacterial components, which
promote their synergistic effect. Our findings demonstrate
the effectiveness of MECP in the treatment of diarrhea in
swine. MECP may reduce the application of antibiotics in
animals, decrease the antimicrobial residues and increase
the quality of animal products, which subsequently elevates the product competitiveness. In addition, the application of MECP also reduces the occurrence of animalderived drug resistant bacteria and attenuates the spread
of bacteria between animals or between animals and humans. Moreover, MECP decrease the incidence of E. coli
-induced diarrhea as a zoonosis. Our findings provide
evidence for the development of complex biological antimicrobial preparations for treatment of diseases in humans.
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