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ABSTRACT
Gastroenteritis caused by bacterial and viral pathogens has been the cause of death to more
than 1.7 million children less than five years of age in developing countries. Rotavirus and
Enterotoxigenic Escherichia.coli (ETEC) are among the main causes of gastroenteritis and
diarrhoea that causes dehydration, and even death.
Using immunotherapy against gastroenteritis is not novel. Previous works succeeded to
treat gastroenteritis and diarrhoea using immunotherapy. The idea that dams produce
antibodies against different types of antigens, and these antibodies are transferred to milk
as passive immunity to offspring, has been implemented in this project to produce
polyclonal antibodies against ETEC O78:h11, NL053 (O6:h16) and rotavirus SA11 in the
milk of sheep. The levels of these polyclonal antibodies were measured in milk and serum
using enzyme-linked Immunosorbent assay.
Fifty Balb/c mice were used in this study. The mice were inoculated with ETEC O78:h11
and then challenged using milk enriched with antibodies against ETEC O78:h11 or against
enterotoxigenic Escherichia.coli strain O6:H16 and rotavirus strain SA11 to measure the
effectiveness of antibodies in neutralising the pathogens of interest. Heat stable
enterotoxin was measured using the commercial kit COLIST (Denka Seiken, Japan) to
assess the effectiveness of milk in neutralising ETEC O78:h11.
Survival of the antibodies in the intestine of Balb/c mice was studied through measuring
the level of antibodies against ETEC strain O78:h11, O6:H16 and rotavirus SA11 in the
faecal samples during milk treatment period and after weaning.
Results showed that antibody level in serum and milk increased after three boosts of each
vaccine. The antibody level in the intestine of mice was high during milk treatment and
sharply decreased after weaning. Heat stable enterotoxin test was negative for the treated
groups 1 and 3 whereas it was positive for group 2. This group was given the milk
without antibodies
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CHAPTER 1: INTRODUCTION AND REVIEW OF THE
LITERATURE
1.1 Gastroenteritis
Gastroenteritis, a major health problem in developing countries, is the infection of the
digestive system. In 2009, the World Health Organisation (WHO) estimated that
diarrhoeal diseases caused by gastroenteritis was ranked third in causes of death in children
less than five years old with about 1.7 million deaths every year (Figure 1). Gastroenteritis
is also considered the major health risk for travellers to developing countries (WHO,
2009). The common feature between these two groups is the lack of access to clean water
and food due to poor sanitation.
Diarrhoea is a major symptom of gastroenteritis and usually indicates infection in the
gastrointestinal tract. The clinical definition of diarrhoea is the passage of three or more
loose or liquid stools within 24 hours (Clemens et al., 2004).
Gastroenteritis diseases cause diarrhoea, which may led to dehydration and death in
children less than five years of age in developing countries. According to World Bank,
developing countries included all low-income, middle-income countries and countries in
transition(Ross and Harmsen, 2001). Table 1 shows list of developing countries according
to World Bank classification, 2010.
Gastroenteritis results from bacterial, viral, parasitic and protozoal infection. Variety of
microorganisms such as, rotavirus, enterotoxigenic Escherichia coli, Vibrio cholera and
Shigella spp cause gastroenteritis and diarrhoea form a serious life threatening, especially,
in developing countries. These areas tend to lack hygiene measurements, sanitation and
medical supplies (Cukor and Blacklow, 1984). For example, in Bangladesh a study
showed that children who live in urban areas had suffered from diarrhoea caused by
enterotoxigenic E.coli transmitted through the faecal-oral route (Qadri et al., 2007b).
Children less than five years old are the most susceptible to gastroenteritis in these
countries. Surveillance and diagnosis of gastroenteritis are less organised in developing
countries. This is due to the limited access to modern laboratory procedures (Holtz, 2007).
Accurate documentation depends largely on laboratory facilities that demand high cost
materials and equipment. For example, a Taiwanese study estimated that the mean cost for
treatment of a child with rotavirus gastroenteritis sent to a hospital to be about USD 558.69
1

(Mast et al., 2010). Moreover, the specific disease burden is particularly complex due to a
multiplicity of the causing agents and their serotypes. This demands more laboratory tests
and consequently the associated cost escalates.
Minimising the effects of gastroenteritis and diarrhoeal diseases can be achieved through
maintenance of clean water, improvement of hygiene and sanitary measures and
availability of nutrition. Public education programs that disseminate information about the
causes and the consequences of gastroenteritis and diarrhoea will help to increase the
personal awareness and encourage disease prevention. For example, teaching children at
schools about personal hygiene and waste disposal will help to minimise the surface water
pollution that will minimise diarrhoeal diseases. A one to one survey held in five
developing countries measured the knowledge of rotavirus(Simpson et al., 2007). The
results from this study showed that knowledge of rotavirus was extremely low. Good
nutrition and availability of clean food and water helped patients who had suffered from
diarrhoea to recover in shorter time (Alam and Ashraf, 2003).

2
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Acute respiratory infection
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Global burden of diseases in children less than five years old. According to data complied by the World Health Organisation. An
estimate 10.4 million succumb on an annual basis (WHO, 2008) updated February, 2009. Diarrhoeal disease caused by gastroenteritis
accounts for 16% of the total deaths; third behind neonatal deaths and mortalitiy caused by acute respiratory infection.
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Table 1

List of developing countries according to World Bank 2010.

Afghanistan

Cape Verde

Fiji

Kiribati

Mayotte

Poland

Swaziland

Albania

Central African
Republic

Gabon

Korea, Dem.
Rep.

Mexico

Romania

Syrian Arab
Republic

Algeria

Chad

Gambia, The

Kosovo

Micronesia,
Fed. Sts.

Russian
Federation

Tajikistan

American
Samoa

Chile

Georgia

Kyrgyz
Republic

Moldova

Rwanda

Tanzania

Angola

China

Ghana

Lao PDR

Mongolia

Samoa

Thailand

Argentina

Colombia

Grenada

Latvia

Montenegro

São Tomé and
Principe

Timor-Leste

Armenia

Comoros

Guatemala

Lebanon

Morocco

Senegal

Togo

Azerbaijan

Congo, Dem.
Rep

Guinea

Lesotho

Mozambique

Serbia

Tonga

Bangladesh

Congo, Rep.

Guinea-Bissau

Liberia

Myanmar

Seychelles

Tunisia

Belarus

Costa Rica

Guyana

Libya

Namibia

Sierra Leone

Turkey

Belize

Côte d'Ivoire

Haiti

Lithuania

Nepal

Solomon
Islands

Turkmenistan

4

Benin

Cuba

Honduras

Macedonia,
FYR

Nicaragua

Somalia

Uganda

Bhutan

Djibouti

India

Madagascar

Niger

South Africa

Ukraine

Bolivia

Dominica

Indonesia

Malawi

Nigeria
Pakistan

Sri Lanka

Uruguay

Bosnia and
Herzegovina

Dominican
Republic

Iran, Islamic
Rep.

Malaysia

Palau

St. Kitts and
Nevis

Uzbekistan

Botswana

Ecuador

Iraq

Maldives

Panama

St. Lucia

Vanuatu

Brazil

Egypt, Arab
Rep.

Jamaica

Mali

Papua New
Guinea

St. Vincent and
the

Venezuela, RB

Bulgaria

El Salvador

Jordan

Marshall
Islands

Paraguay

Grenadines

Vietnam

Burkina Faso
Burundi
Cambodia
Cameroon

Eritrea

Kazakhstan

Mauritania

Peru

Sudan

West Bank and
Gaza

Ethiopia

Kenya

Mauritius

Philippines

Suriname

Yemen, Rep.

Zambia
Zimbabwe
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Immunisation against specific diseases is a promising approach that may minimise the
effect of some infectious pathogens and thereby avoiding serious illness and death. For
example, vaccination against cholera decreased the numbers of deaths dramatically in
Africa and Latin America (Parashar, 2009). Vaccine development against enteric
pathogens represents a serious challenge. This is due to the diversity of organisms
causing gastroenteritis and the large number of pathogens that require mucosal
immunity induction in the gut. Another challenge arises due to mixed gastroenteritis
infection, when more than one pathogen is involved in the disease process. For
example, rotavirus and ETEC are a common mixed infection. In this case, vaccination
against rotavirus will solve half the problem (Grimprel et al., 2008).
Previous studies investigated and tracked the causes of gastroenteritis and diarrhoea in
children in developing countries. Table 2 shows the previous studies of the causes of
diarrhoea in children less than five years old from different countries. In 1956,
Bhattacharya et.al studied the causes of diarrhoea in children in Calcutta in India. The
study revealed that enterotoxigenic E.coli was the main cause of diarrhoea (De, 1956).
In 1976, a study was undertaken to monitor the clinical characteristics of disease due to
enterotoxigenic E.coli in 176 adult males that had been admitted to a hospital at Dacca,
Bangladesh. The patients showed moderate to severe dehydration, diarrhoea and
abdominal pain. The study confirmed that ETEC was the cause acute, severe choleralike diarrhoea in the studied cases (Merson et al., 1980).
Enterotoxigenic E.coli was the most frequently isolated and identified pathogen from
patients of all ages in two years study held in Bangladesh from 1977 to 1979. The total
number of cases was 14,491. In children less than two years old enterotoxigenic E.coli
was isolated from 25% of the cases (Black et al., 1980).
In a study between 1978 and 1989, a total number of 1,183 rotavirus-positive specimens
from eight countries of four continents were studied to determine the most common
global serotype in circulation and which vaccine might provide good protection. The
study showed the importance of rotavirus as a cause of diarrhoea in those countries
(Woods et al., 1992).

6

Table 2

Studies that have linked specific pathogens as causes of diarrhoea in children less than 5 years of age in different countries

Cause of diarrhoea

Total cases

Countries

Year

Reference

Enterotoxigenic E.coli

Not Available

India

1956

(De, 1956)

Enterotoxigenic E.coli

176

Bangladesh

1976

(Merson et al., 1980)

Enterotoxigenic E.coli

14,491

Bangladesh

1977-1979

(Black et al., 1980)

Rotavirus

1,183

USA, Israel, Peru ,S.Korea,
S.Africa and China

1978-1989

(Woods et al., 1992)

Rotavirus, E. coli and
Shigella spp.

265

Jordan

1993-1994

(Youssef et al., 2000)

Enterotoxigenic E.coli

489

Indonesia

2000-2001

(Subekti et al., 2003)

Rotavirus and
Enterotoxigenic E.coli

1,275

Egypt

2000-2002

(Wierzba, 2006)

Enteroaggregative E.coli

836

Vietnam

2001-2002

(Nguyen et al., 2005)

Enterotoxigenic E.coli

321

Bangladesh

2002-2004

(Qadri et al., 2007b)
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Another two-year study performed in Jordan (1993 to 1994) to determine the cause of
diarrhoea in children less than 5 years old and showed that rotavirus was the main cause
of diarrhoea followed by E.coli and Shigella in 256 children (Youssef et al., 2000).
Nguyen et.al. (2001 to 2002) studied a total number of 836 children aged between 1 day
and 60 months of age in Hanoi, Vietnam. The study showed that enteroaggregative
E.coli, enteroinvasive Ecoli, enteropathogenic and ETEC were the main causes of
diarrhoea in the studied cases (Nguyen et al., 2005).
In Egypt, a two-year clinic-based surveillance study of childhood diarrhoea was carried
out. A total of 1,275 stool samples were collected. The samples were examined to
determine the cause of gastroenteritis and diarrhoea in children. Rotavirus followed by
ETEC were the main causes of diarrhoea (Wierzba, 2006).
There have been many previous studies investigating the causes of gastroenteritis and
diarrhoea in developing countries (Table 2). These studies confirmed that rotavirus and
ETEC cases were the most prevalent and serious among all patients less than five years
old. Both pathogens are the main causes of death in developing countries.

8

In this study, rotavirus and enterotoxigenic E.coli were studied as the main causes of
gastroenteritis.
1.2 Rotavirus
Based on previous studies, rotavirus is the first in rank among all other microbial causes
of diarrhoea in children less than five years old. The importance of studying rotavirus
came after the isolation of rotavirus in 1969 (Mebus et al., 1969) and described by Ruth
Bishop as a cause of children gastroenteritis (Bishop et al., 1973). It was described as
the etiological agent of neonatal calf diarrhoea (Babiuk, 1977). Rotavirus has since
been identified as one of the major causes of diarrhoea in humans and animals (Babiuk,
1977). Rotavirus is 70nm in diameter and icosahedra in shape (Figure 2). It belongs to
the family Reoviridae. Seven rotavirus serogroups (A to G) have been described and
studied. Most human pathogens belong to groups A, B or C. Group A rotaviruses are
the most important from a public health standpoint (Dennehy, 2008). However all
groups (A to G) infect animals (Ramig, 2004).
1.2.1 Antigenic variability of rotavirus
The main morphological feature of rotavirus is the wheel-like structure shape. This
characteristic feature of rotavirus under electron microscope gave the virus its name
(rota = wheel). The genome of rotavirus consists of 11 segments of double-stranded
RNA encoding six structural proteins (VP1-VP4, VP6 and VP7) and six non-structural
proteins (NSP1–NSP6) (Desselberger et al., 2009). Each protein has a specific role in
the life cycle and the pathogenesis of the virus. Figure 2 and Table 3 show the RNA
segments and the encoded antigens linked with their specific role in the pathogenesis
and life cycle of rotavirus.
Rotaviruses are characterised by the presence of 11 segments of double-stranded RNA
(dsRNA) enclosed in a triple-shelled protein capsid. Two outer proteins define
serotypes of rotavirus: the protease sensitive protein (VP4) and the major glycoprotein
(VP7). The two outer proteins induce neutralising antibodies and designate G (VP7)
and P (VP4) viral serotypes (Araujo et al., 2001). A binary system of rotavirus
classification to designate the neutralisation specificity of both VP7 and VP4 proteins
was established (Santos, 2005).

9

Figure 2
VP7).

Schematic representation of rotavirus antigens (VP1/3, VP4, VP6 and
10

Table 3

Different rotavirus proteins and their role in the virus pathogenesis.

Segment Protein
of dsRNA

Role in Pathogenesis

Reference

1

VP1

Required for replicase activity of VLPs.

(Zeng et al.,
1996)

2

VP2

Functions in RNA binding and virus
assembly.

(Boyle and
Holmes, 1986)

3

VP3

Required for guanylyl transferase and
capping enzyme activity.

(Liu et al., 1992)

4

VP4

Required for heamagglutination, antigen
neutralisation, protease-enhanced infectivity
virulence and cell attachment.

(Ball et al., 2005)

6

VP6

Required for trimerisation and formation of
tubules.

(Estes, 1989)

9

VP7

Target rough endoplasmic reticulum (RER)
and exploit it as maturation site for rotavirus.

(Estes, 1989)

5

NSP1

Has affinity for rotavirus mRNA binding.

(Hua et al.,
1994)

7

NSP2

Drives with NSP5 the formation of viroplasm- (Fabbretti et al.,
1999)
like structures (VLS).

8

NSP3

Required for 3'-specific viral mRNA binding.

(Poncet et al.,
1993)

10

NSP4

Functions as an intracellular receptor for
addition of the outer coat and spike.

(Ball et al.,
2005)

11

NSP5/6

Is essential for the assembly of viroplasms
and virus replication.

(Campagna et
al., 2005)

VP = viral protein, VLP = virus like particles, NSP = non structural protein

11

1.2.2 Epidemiology
A study summarised all the literature that had been published from 1986 to 2000
describing deaths caused by childhood diarrhoea (Parashar, 2003). Based on this study,
1.4 billion diarrhoea episodes in children less than 5 years of age occur every year.
About 25 million clinic visits, 2 million hospitalisations, and more than 440,000 deaths
were caused by rotavirus gastroenteritis every year. Most of the death cases occurred in
developing countries (Steele et al., 2009). Figure 3 shows the global percentage of viral
episodes that required clinical visits, hospitalisation and those that resulted in death in
2003.
Another study (1989 to 2004) performed to analyse 45,571 strains collected globally
from 124 studies reported from 52 countries on five continents. The study revealed that
four common G types (G1, G2, G3, and G4) in conjunction with P[8] or P[4]
represented over 88% of the rotavirus strains worldwide (Santos, 2005). The G1P[8]
represents about 65% of the worldwide prevalence of rotavirus, and 34%, 23%, 34% in
South America, Africa and Asia respectively (Figure 4). Specifically, G9P[8] has
become highly prevalent in many countries in Europe and Australia, with somewhat
lower incidence rates in South America, Africa and Asia (O'Ryan, 2009).
A total of 345 children less than 5 years old who had acute gastroenteritis were enrolled
in a surveillance study in Morocco (Benhafid et al., 2009). The study revealed that
30.6% of samples were G1[P8], 26% were G9[P8], 7.5% were G2[P6], 3.7% were
G1[P6] and 0.7% were G2[P8].
Rotavirus studies also refer to the economical importance and the loss due to outbreaks
of rotavirus infections and immunisation. Zimmerman in 2001 discussed the median
cost of rotavirus hospitalisation in United States and the results showed that the median
cost of diarrhoea-associated hospitalisation was USD 2,307 and that of rotavirusassociated hospitalisation was USD 2,303. Median cost of diarrhoea and rotavirusassociated outpatient visits were USD 47 and USD 57, respectively (Zimmerman,
2001).
Another study in the USA in 2006 assessed the health and economical impacts of a
national rotavirus immunisation program (Widdowson et al., 2007). The study revealed
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440,000

2,000,000

Death

Hospitalisation

25,000,000
Clinic visit

111,000,000
Virus episode

Figure 3

Estimated global prevelance of rotavirus infection in 2003. The numbers are adapted from Parshar (2003). Rotavirus caused
approximatly 440,000 deaths per annum, average 50 deaths per hour.
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64.7%

12
8.5%
3.3%

G1P[8]

G2P[4]

G3P[8]

G4P[8]

2.7%

1.4%

2.5%

G9P[8]

G9P[6]

G1P[6],G2, G3,
or G4; G1P[9]or
G3

4.9%

Unusual

Figure 4
The relative distrbution of various strains of human rotavirus A (P&G) from 124 studies reviewed by Santos, 2005. The predominant
strain G1P[8] was the most prevalent strain in Asia, Africa and South America.
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that vaccination cost USD 138 per case averted, USD 3,024 per serious case averted and
USD 197,190 per life-year saved. The total cost was USD 515 million to the health
care system and USD 216 million to the society.
In conclusion, rotavirus has been and remained a serious cause of death in children less
than five years of age. Specific strains are endemic in specific geographical areas.
Moreover, from an economical aspect, rotavirus infection has cost health care systems
such as the USA health care system millions of dollars.
1.2.3 Pathogenesis
Different animal models to study rotavirus pathogenesis have been developed. These
include the rabbit, mouse (Ward, 1990), guinea pig (Zijlstra et al., 1999), rat (Salim et
al., 1995) and calf (Carpio M., 1981) (Table 4). Further details using a variety of inbred
mouse strains are summarised in Table 5. The small intestine consists of villi and
crypts. Each villus is lined with mature enterocytes that are specifically developed for
absorption and secretion by the digestive system. In general, illnesses caused by
rotavirus infection are classified into four clinical settings; mild cases require home care
alone, moderate cases requiring clinical visits, severe cases require hospitalisation and
cases resulting in death. There are four scenarios for the mechanisms of rotavirusinduced diarrhoea: malabsorption, secretion, villus ischemia and intestinal motility.
1.2.3.1 Malabsorption
As rotavirus start to synthesis its proteins, this process leads to a disruption in Ca+ ion
homeostasis which leads to increase in Ca+ permeability through the intestinal
epithelium and increase Ca+ concentration in the plasma membrane and the
endoplasmic reticulum. This triggers a chain of events that lead to cell lysis (Pérez et
al., 1998).
The enterotoxin non structural protein 4 (NSP4) is a multifunctional protein encoded by
segment 10 of the dsRNA rotavirus (Ball et al., 2005). NSP4 triggers phospholipase Cinositol 1,3,5 triphosphate (PLC-IP3) cascade resulting in the release of Ca+ from
intracellular stores (Dong et al., 1997). The increase of Ca+ concentration caused by
NSP4 is not related to the increase due to phospholipase C (PLC) stimulation (Tian et
al., 1995). The effects of NSP4 in the process of infection may also play a role in the
15

Table 4

Human and animal models for studying pathogenesis of rotavirus infection

Model

Strain

Age

Pathogenesis

Histology

Reference

Mice

Balb/C

< 2 weeks

Infect villous cell

Changes in the villous but not in crypt cells

(Little and
Shadduck, 1982)

Rat

Not available

5 days

Infects jejunal and ileum villi

Reduction in total mucosal thickness
resulted in a true flat mucosa

(Salim et al., 1995)

Rabbit

Pathogen free
New Zeland

Not available

Impairs intestinal brush- border
membrane Na+ solute cotransport activities

Not available

(Halaihel et al.,
2000a)

Guinea Pig

Not available

3-5 days

Infects ileum villi

Villous atrophy

(Yuan et al., 1996)

Neonatal

Infects jejunal and illeum villi

Reduction of jujenal villus length due to
stunting of villi and replacement of columnar
with cuboidal epithelium at the tips of villi

(Carpio M., 1981)

<5 years

Infects villus epithelium of the
small intestine

Destruction of the microvilli in the small
intestine,

(Jourdan et al.,
1997, Ramig,
2004)

Calves

Human

Not available

Not applicable
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Table 5

Previous studies that have used mouse models to study rotavirus
infection

Mice

Virus strain

Year

Type of study

Reference

EDIM1

1982

Pathogenesis of rotavirus

(Little and

infection

Shadduck, 1982)

1986

Oral immunisation

(Offit et al., 1986)

1988

Histological changes in

(Osborne et al.,

the intestine

1988)

strain
Balb/C

CD-1

SA112,
3

4

NCDV , UK
Balb/C

EDIM

Balb/C

EDIM, WC35

1990

Immunisation

(Ward, 1990)

Balb/C

EDIM

1991

Pathology and histology

(Osborne et al.,

of rotavirus infection

1991)

Passive immunity against

(Both et al., 1993)

Balb/C,

SA11

1992

CBA/H
NA

rotavirus
BRV6, BRV-

1995

7

UK , SA11,
Balb/C

ddy

8
MRV
,Wa9,
EDIM
DS-110

PO-1311, Ty-

1997

Vaccination against VP6

(Choi et al., 1997)

2001

Avian to mammal

(Mori et al., 2001)

3 , SA-11
RRV, WC3

(Ijaz et al., 1995)

and VP4

12

CB17Scid

Antibodies against VP7

rotavirus transmission
2004

Rotavirus vaccine (WC3-

(Qiao, 2004)

PV)
Balb/C

RRV

2007

Egg yolk immunoglobulin

(Sarker, 2007)

against rotavirus
ICR
1

ECwt13

2010

Rotavirus infection in the

(Guerrero et al.,

intestinal villi

2010)

Epizootic diarrhoea of infant mice, 2Simian rotavirus, 3Nebraska calf diarrhoea virus,

4,5,6,7
12

Bovine rotavirus, 8,13Murine rotavirus, 9.10 Human rotavirus, 11Pigeon rotavirus.

Turkey rotavirus.
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dysregulation leading to diarrhoea. This indicates the ability of inactivated rotavirus
particles to induce diarrhoea (Shaw et al., 1995).
Loss of fluids could happen due to the failure of Na+-linked nutrients absorption
process. The process happens due to a disturbance of Na+ and K+ concentration. The
disturbance leads to a change in the intracellular concentration of Na+ and K+. This in
turn could impair the electronuteral NaCl absorption (Michelangeli, 2003). The
segment NSP4 may also be involved, as its peptide is a specific and non-competitive
inhibitor of sodium-glucose co-transporter 1( SGLT1) (Halaihel et al., 2000b).
Infection also reduces the expression of the digestive enzymes at the apical surface of
the infected enterocytes. Rotavirus can cause paracellular leakage. It can alter the
structure of polarised enterocytes by affecting Ca+ sensitive proteins (F-actin, villin and
tubulin) that damage the microvilli and lead to a drop in transepithelial resistance. This
results in losing the tight junctions between enterocytes (Tafazoli et al., 2001).
1.2.3.2 Secretion
Secretion of fluids and loss of water is a consequence of the activation of chloride
secretion caused by NSP4. This leads to increase in Ca+ concentration in crypt
epithelium (Morris and Estes, 2001). The Enteric nervous system (ENS) is activated
during rotavirus infection stimulating the crypt cell to secret electrolytes and water
(Lundgren, 2003).
1.2.3.2 Villus ischemia
Villus ischemia was only observed in mice. It was a result of the release of vasoactive
agents from rotavirus and caused local villus ischemia and damage to the enterocytes
(Osborne et al., 1991).
1.2.3.4 Intestinal motility
Enteric nervous system controls intestinal motility. Rotavirus affect ENS which
increases the peristaltic motility of the small intestine and decreases their transit time
leading to diarrhoea (Michelangeli, 2003).

18

1.2.4 Prevention and treatment
Prevention is better than cure. In order to prevent rotavirus infection; previous attempts
were carried out to develop an effective vaccine. The first attempt was in 1980
(Vesikari et al., 1984). Later, four different approaches were used; the Jennerian
approach, modified Jennerian approach, non-Jennerian approach and virus like particle
approach. The least successful effort was the RotaShield® vaccine developed by
Wyeth Ayerst. RotaShield® was withdrawn on October 1999 after production of
11million doses of the vaccine. This action was based on the recommendations of the
United States Centre for Disease Control and Prevention (CDC) and the United States
Advisory Committee on Immunisation Practice (ACIP). They found a link between
vaccination and intussception, especially during the first 2 weeks after administration of
the first dose (Kapikian et al., 2005). On the other hand, two licensed vaccines are now
available over the counter with no history of side effects, Rotateq® 2006 and Rotatrix®
2008 (Ciarlet and Schِodel, 2009). Table 6 shows different approaches to develop
rotavirus vaccine and the most recent status for each approach.
Despite preventative measures, treatment protocols are required for children who do not
have the benefit of vaccination program. Rotavirus infection causes diarrhoea and loss
of body fluids that lead to dehydration and possibly death. The principle treatment
model of rotavirus infection is oral rehydration therapy (ORT). This therapy is to
compensate fluid loss and prevent body dehydration. Oral rehydration therapy may be
administered either by oral or intravenous route depending on the degree of dehydration
(Alam and Ashraf, 2003). Oral rehydration salt solution (ORS) is recommended for
ORT as a formula from World Health organisation and the United Nations Children’s
Fund (UNICEF). Intravenous route is recommended for initial management of severe
dehydration due to diarrhoea followed by ORT with ORS solution. The formulation is
sodium 75 mmol/L, potassium 20 mmol/L, chlorine 65 mmol/L, citrate 10 mmol/L,
glucose 75 mmol/L, osmolarity 245 mosmol (WHO, 2001).
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Table 6

Different approaches used for the development of rotavirus vaccines
Vaccine

Formulation

Serotype [Genotype]

Company

Status

RIT 4237

Monovalent live oral bovine NCDV

P[1]G6

Smith Kline Beecham
(Belgium)

Discontinued

WC3

Monovalent live oral bovine WC3
strain

P[5]G6

Merck (USA)

Discontinued

RRV

Monovalent live oral rhesus MMU
18006 strain

P[3]G3

DynCorp (USA)

Discontinued

LLR

Monovalent live oral lamb LLR strain

P[12]G10

Lanzhou Institute of
Biological Products (China)

Active Licensed (China
2000)

Jennerian approach

Modified Jennerian approach
WaΧUK

Monovalent live oral human (Wa)
bovine (UK) reassortant

P[8]G6

DynCorp (USA)

Active Phase I

WaΧDS-1ΧUK

Monovalent live oral human (Wa and
DS-1)-bovine (UK) reassortant

P[8]G2

DynCorp (USA)

Active Phase I

RotaShield®

Quadrivalent live oral human rhesus
(RRv) reassortants

P[3]G1,G2,G3 and
G4

Wyeth Ayerst (USA)

Licensed (USA 1998)
withdrawn 1999

RotaTeq®

Pentavalent live oral human-bovine
(WC3) reassortants

P[5]G1,G2,G3,G4
and P[8]G6

Merck (USA)

Active Licensed (2006
USA)
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Quadrivalent live oral human-bovine
(UK)

P[5]G1,G2,G3 and
G4

NIH (USA)

Licensed USA

M37

Monovalent live oral human neonatal
M37 strain

p[6]G1

DynCorp (USA)

Discontinued

Rotatrix

Monovalent live oral human 89-12
strain

P[8]G1

GlaxoSmithKline (Belgium)

Active licensed (2008
USA)

RV3

Monovalent live oral human neonatal
RV3 strain

P[6]G3

DynCorp (USA)

Active phase I-II

116E

Monovalent live oral human neonatal
116E strain

P[11]G9

Bharat Biotech (India)

Active phase III

1321

Monovalent live oral human neonatal
1321 strain

P[11]G10

Bharat Biotech (India)

Active phase III

BIRVI

Monovalent inactivated human AU64
strain

P[4]G1

Biken (Japan)

Under development

VP2/6

Lederle/Green Cross (Korea)

Under development

UK-based reassortants
Non-Jennerian approach

Virus like particles approach
VLPs

Simian (SA11) virus-like particle
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1.3 Escherichia.coli
E.coli is a member of the family Enterobacteriacea. The family is characterised as rodshape, gram negative and a facultative anaerobe. E.coli is a commensal organism of the
human colonic flora. Typically E.coli colonises the infant gastrointestinal tract and
plays a role in maintaining the intestinal physiology (Myron, 1987). E.coli has the
ability to cause different infections to humans through their highly adapted clones
(Drasar and Hill, 1974).
E.coli was serotyped according to its O (somatic), H (flagellar) and K (capsular) surface
antigen profiles (Kenny et al., 1997, Prager et al., 2003). A total of 170 different O
antigens, each defining a serogroup, were recognised. Bacterial agglutination test was
used to determine the presence of K antigen. This antigen is for an E. coli strain that
was inagglutinable by O antiserum but became agglutinable when the culture heated.
The diversity of molecular structures, including fimbriae, conferred the K phenotype
This led microbiologists to suggest restructuring the K antigen designation to include
only acidic polysaccharides (Lior, 1996). Therefore, proteinaceous fimbrial antigens
were excluded from the K series and given F designations (Orskov, 1982). Using the
combined designation of O and H antigens to define the serotype of isolated E.coli can
be associated with certain clinical syndromes (Table 7).
In general, it is not the serologic antigens themselves that confer virulence; the
serotypes and serogroups serve as identifiable chromosomal markers that correlate with
specific virulent clones (Whittam et al., 1993). There are six diarrhoeagenic pathovars
E.coli: enterotoxigenic E.coli (ETEC), enteropathogenic E.coli (EPEC),
enterohaemorrhagic E.coli (EHEC), enteroinvasive E.coli (EIEC); which includes
Shigella), enteroaggregative E.coli (EAEC) and diffusely adherent E.coli (DAEC)
(Croxen and Finlay, 2009).
1.4 Enterotoxigenic E.coli (ETEC)
Previous studies used animal models to understand the ETEC infections and the
complexity of antigens structure. These studies aimed to explain the immune response
for ETEC infection and develop an effective vaccine. Table 8 shows the different
studies that used ETEC on animal models.
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Table 7

Different E.coli pathovars and clinical diseases

E.coli Pathovars

Enteropathogenic E.
coli (EPEC)
Enterohaemorrhagic E.
Coli (EHEC)
Enterotoxigenic E.
coli (ETEC)
Enteroinvasive E.
coli (EIEC)
Enteroaggregative E.
coli (EAEC)
Diffusely adherent E.
coli (DAEC)

Strain examples

Disease

Transmission

Mode of action

Reference

O55:H6,NM

Watery diarrhoea

Faecal and oral

Attach to intestine and
produce lesions called
localised adherence

(Donnenberg and
Kaper, 1992, Seifert
and DiRita, 2006)

O26:H11,H32,

Bloody diarrhoea
(Haemolytic Uremic
Syndrome)

Faecal and oral

Attach the intestine
through common pillus,
(haemorrhagic diarrhoea)

(Croxen and Finlay,
2009, Seifert and
DiRita, 2006)

O6:H16

Watery diarrhoea
(traveller’s)

Faecal and oral

Colonises the intestine and
produces toxins

(Roy et al., 2009b,
Seifert and DiRita,
2006)

Dysentery and bloody
diarrhoea

Faecal and oral

Invades the submucosa by
microfold cells

(Croxen and Finlay,
2009, Seifert and
DiRita, 2006)

Watery diarrhoea

Faecal and oral

Produces an aggregative
adherence pattern

(Weintraub, 2007,
Seifert and DiRita,
2006)

Acute diarrhoea and
urinary tract infections
in adults

Faecal and oral

Produce a diffuse
adherence pattern that
covers the entire surface

(Scaletsky et al., 2002,
Lopes et al., 2005)

O78:H11,H12

O159:H2,NM

O3:H2
O15:H18
O2:H6
O6:H27
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Table 8

The mouse models used in different studies of enterotoxigenic E.coli

Mouse strain

Year

Study type

CF1

1980

Pathogenesis

Balb/C

1990

Pathogenesis

Results

Young mice susceptible to

Reference

(Runnels et al., 1980)

ETEC K99+ adhesion

Adult mice could be used to

(Ward, 1990)

study rotavirus infection
Mice could be used to study

Balb/C

2003

Immune response

immunogenicity and

(Byrd et al., 2003)

pathogenicity of ETEC
More than 80% of the mice
Balb/C

2009

Vaccine development

were protected against

(Liu et al., 2009)

ETEC challenge
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Enterotoxigenic E.coli elaborates two defined groups of enterotoxin: heat-stable (ST)
and heat-labile (LT) enterotoxin (Myron, 1987). Enterotoxigenic E.coli was first
recognised as a cause of diarrhoeal disease in piglets. Studying ETEC in piglets
explained the mechanism of the disease and highlighted the role of enterotoxins. These
studies paved the way for the researchers to study ETEC in humans. The first study
identified that certain E.coli strains isolated from the stools of children with diarrhoea
caused fluid secretion in ligated rabbit intestinal loops (Taylor, 1961).
At present, ETEC is diagnosed as the most common cause of traveller’s diarrhoea and
the fatal pathogen for children less than five years old (Nataro and Kaper, 1998).
Traveller’s diarrhoea refers to an enteric disease acquired when a person travels from a
developed country to a developing area of the world. The incubation period of most
enteropathogens is 7 to 10 days after they return to a developed area (De Las et al.,
1999). Enterotoxigenic E.coli strains, Shigella, Campylobacter and Salmonella spp. are
responsible for 80% of diarrhoeal episodes in travellers. The most recognised and
common cause of traveller’s diarrhoea is ETEC. It accounts for about 40% of the cases
of traveller’s diarrhoea. In children who live in developing countries, ETEC results in
20% of the hospitalised diarrhoeal episodes (Qadri et al., 2005).
1.4.1 Pathogenesis of ETEC
The first step of ETEC pathogenesis is the colonisation of the mucosal surface of the
small intestine using the colonisation factors (McConnell et al., 1991). The second step
is the elaboration of enterotoxins to trigger reactions and cause diarrhoea. Both LT and
ST play major roles in the process of diarrhoea (Nataro and Kaper, 1998, Croxen and
Finlay, 2009). Table 9 summarises ETEC antigens and their role in the pathogenesis of
diarrhoea.
1.4.1.1 Heat-labile toxins (LT)
The LTs of E.coli in general share some similarities with cholera toxin (CT) elaborated
by Vibrio cholera, especially, in structure and function (Fan et al., 2004, Sixma et al.,
1993). The LT consists of two main serogroups, LT-I and LT-II. Both show no
immunological cross-reaction. Serogroup LT-I is expressed by E.coli strains that are
pathogenic for both humans and animals. LT-II is found primarily in animal hosts
(Brandal et al., 2007).
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LT-I
The toxin LT-I is composed of one A subunit and five identical B subunits (Brandal et
al., 2007, Lasaro et al., 2008). The B subunits are arranged in a ring shape and bind
strongly to the ganglioside GM1 (Lasaro et al., 2008). The A subunit is split into two
peptides A1 and A2. These peptides are responsible for the enzymatic activity of the
toxin. The genes encoding LT (elt or etx) reside on plasmids that also may contain
genes encoding ST and/or colonisation factor antigens (CFAs).
The peptide A1 targets the ADP-ribosyl moiety and transfers it from NAD to alpha
subunit of the guanosinetriphosphate GTP-binding (GS). The GS stimulates adenylate
cyclase activity that leads to increase the level of intracellular cyclic AMP. The
increasing level of cAMP activates cAMP dependent protein kinase (A kinase). The
kinase leads to activation of chloride channel CFTR (Sears and Kaper, 1996, Croxen
and Finlay, 2009). The previous process results in chloride secretion and inhibition of
NaCl absorption. The inhibition draws water passively resulting in osmotic diarrhoea.
An alternative way for enterotoxins to cause diarrhoea is through stimulating the
secretion of fluids from intestine (Sears and Kaper, 1996). Previous studies considered
PGE1 and PGE2 as mediators in the mechanism of diarrhoea. Synthesis and release of
arachidonic acid metabolites such as prostaglandins and leukotrienes can stimulate
electrolyte transport and intestinal motility.
Enteric nervous system (ENS) as intestinal motility regulator plays role in the process of
diarrhoea. It controls the peristaltic movement of the small intestine. In addition, CT
and LT decrease the absorption of fluids from the intestinal lumen(Michael Field et al.,
1972).
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Table 9

Different ETEC antigens and their specific modes of action
Antigens

Role in pathogenesis

Subunit A (A1,
A2)
LT-I1
Subunit B

Stimulate AC2 which increases the level of cAMP3 This in turn increases
P. kinase A that leads to osmotic diarrhoea and increases chloride
secretion which acts on CFTR4 chloride channels

Reference

(Lasaro et al.,
2008)

Binds to ganglioside GM1

Heat-labile toxins
LT-IIa

Increases cAMP which increases chloride secretion leading to osmotic
diarrhoea

LT-II

(Spangler, 1992)
LT-IIb

STa (STh and
STp)
Heat-stable toxins

Increases cAMP which increases chloride secretion leading to osmotic
diarrhoea
Bind to GC-C5 that increases GC. This increases the level of cAMP
leading to osmotic diarrhoea

(Hasegawa and
Shimonishi, 2005),

Causes villus atrophy and increase of HCO3+, Ca+, PGE26, serotonin and
ENS7 concentration

(Daniel Dubreuil,
2010)

ST
STb
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Colonisation factors

CFA (25 CFs)

Enhance adhesion and colonisation to the intestinal mucosa

(Fleckenstein et al.,
2009)

Type I fimbriae

Induce intestinal colonisation

(Sokurenko et al.,
1998)

Cause pilus assembly

(Blackburn et al.,
2009)

Induce adherence and epithelial cell invasion

(Fleckenstein et al.,
2009)

Forms bridge binding between the host cell receptors and the tips of
ETEC flagella

(Roy et al., 2009b)

Other fimbrial operons
E. coli common pilus

Tia and TibA invasions
Non-fimbrial adhesins/
invasions
EtpA

1

Labile toxin, 2Adenylate cyclise, 3Cyclic adenylate monophosphate, 4Cystic fibrosis transferase receptor, 5Guanylylcyclase-C, 6Prostaglandin E2,

7

Entirc nervous system.
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LT-II
The LT-II has two antigenic variants, LT-IIa and LT-IIb. The LT-II causes diarrhoea by
increasing the intracellular cAMP levels with similar mechanisms to those involved in
LT-I toxicity. One step is different, using GD1 as a receptor instead of GM1 (Spangler,
1992) (Table 9).
1.4.1.2 Heat-stable toxins (ST)
There are two serogoups of ST, STa and STb. These are different in structure and mode
of action (Croxen and Finlay, 2009). Genes of both classes are found predominantly on
plasmids, and some ST-encoding genes were found on transposons (Nataro and Kaper,
1998).
Two variants, STp (ST porcine or STIa) and STh (ST human or STIb) were isolated
from pigs or humans, respectively. Both variants are human ETEC strains. The major
receptor for STa is a membrane-spanning enzyme called guanylate cyclase C (GC-C)
(Basu et al., 2010). The GC-C is located in the apical membrane of the intestinal
epithelial cells. Binding of ligands to the extracellular domain stimulates the
intracellular enzymatic activity. Binding of STa to GC-C stimulates GC activity. This
increases intracellular cGMP levels (Guo et al., 2007). This activity stimulates chloride
secretion and/or inhibition of sodium chloride absorption. The stimulation results in net
intestinal fluid secretion. Ultimately, the CFTR chloride channel is activated, leading to
secretion of Cl- ions into the intestinal lumen (Huang et al., 2009). In contrast to the 15to 60-min lag time needed for LT to translocate and activate the basolateral adenylate
cyclise complex, STa acts much faster due to the apical location of its cyclase receptor.
Alternative mechanisms of action were proposed for STa and involves prostaglandins,
calcium, and ENS (Foster and Geof, 2009). The secretory response to STa may also
involve phosphatidylinositol and diacylglycerol release, activation of PKC, elevation of
intracellular calcium levels and microfilament (F-actin) rearrangement (Nataro and
Kaper, 1998).
STb
The STb is described mainly in pigs, although, there have been some reported cases in
human with ETEC elaborating STb (Dubreuil, 2008). The STb induces diarrhoea by the
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effect of histological damage that caused in the intestinal epithelium. The damage is
expressed as loss of villus epithelial cells and partial villus atrophy (Dubreuil, 2008).
The STb stimulates the secretion of bicarbonate ions from intestinal cells (Daniel
Dubreuil, 2010). On the other hand, STb does not show an effect on increasing the
intracellular cAMP or cGMP concentrations. However, STb increases the intracellular
calcium levels from extracellular sources (Susan et al., 2006). In addition, STb has a
stimulatory effect on PGE2 and serotonin. This suggests a role for ENS in the secretory
response to this toxin (Susan et al., 2006, Daniel Dubreuil, 2010).
1.4.1.3 Colonisation factors (CF)
Previous researches investigated the mechanisms of adherence and colonisation of the
intestinal epithelium used by ETEC strains (Fleckenstein et al., 2009, Navaneethan and
Giannella, 2008, Freedman et al., 1998, Rodas et al., 2009, Vidal et al., 2009, Xia et al.,
2010). Adherence to the enterocytes is the first step in the pathogenesis of ETEC
infection, an event mediated by surface fimbriae (also called pili) (Mu et al., 2008,
Navaneethan and Giannella, 2008, Croxen and Finlay, 2009). Fimbrial antigens form
the basis for species-specific differentiation of ETEC and as a problem for vaccination
development. For example, ETEC strains expressing K99 are pathogenic for calves
(Foster and Geof, 2009), lambs and pigs (Kwon et al., 1999). Whereas K88-carrying
organisms are able to cause disease only in pigs (Cassels and Wolf, 1995).
From the aspect of vaccine development, colonisation factors (CFs) are very important
targets (Vidal et al., 2009). Twenty-five different proteinacious structures of CFs have
been described to date. Most structures are plasmid-encoded (Fleckenstein et al., 2009).
The structural morphology and antigenicity of CFs are diverse. Three different
structures were described: fimbrial, fibrillar and helical. The structures had variable
lengths up to more than 20 mm (Xia et al., 2010). The CFA/I fimbriae were studied
intensively. No definite receptor has been identified for CFA. However, the proposed
mechanism of action was through binding the glycoprotein conjugates on the cell
surface (Fleckenstein et al., 2009).

30

1.4.1.4 Other fimbrial operons
Type I fimbriae
ETEC produces a common type I fimbriae. There is no clear role for type I fimbriae in
ETEC infection process. However, some studies showed that they could be suited for
intestinal colonisation (Sokurenko et al., 1998).
Common pilus
The role of E.coli common pili protein (ECP) in the process of ETEC infection is not
fully understood. Some studies have discussed its role in pillus assembly (Blackburn et
al., 2009).
1.4.1.5 Non-fimbrial adhesins/invasins of ETEC
Tia and TibA invasions
The two invasion loci tia and tib encode distinct proteins on ETEC. Tia is an outer
membrane protein encoded on a large pathogenicity island and encoded by tia loci
(Elsinghorst and Kopecko, 1992, Mammarappallil and Elsinghorst, 2000). The role of
Tia and TibA in the pathogenesis of ETEC are exemplified in the adherence and
invasion of the epithelial cells of the small intestine (Mammarappallil and Elsinghorst,
2000, Fleckenstein et al., 2009).
EtpA
The EtpA, EtpB and EtpC are members of the family TPS exoprotein. The main
function of EtpA is promoting the adhesion of the small intestine. Previous studies
showed that the role of EtpA is to form a bridge binding the host cell receptor and the
ETEC flagella (Roy et al., 2009b). The EtpA has been the subject to many vaccine
development attempts. These attempts revealed that vaccination of mice with either a
truncated recombinant EtpA fragment (Roy, 2008) or the full length EtpA glycoprotein
(Roy et al., 2009a) protect mice by preventing the colonisation of the intestin
(Fleckenstein et al., 2009).
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1.4.2 Epidemiology of ETEC
1.4.2.1 Relationship between Age and Infection
Previous studies stated that ETEC was a common cause of gastroenteritis and diarrhoea
in children less than two years old (Subekti et al., 2003, Nguyen et al., 2005, Youssef et
al., 2000, Merson et al., 1980, Wierzba, 2006, Qadri et al., 2007b). In Bangladesh, a
study showed that 19.5% of 321 children less than 2 years old suffered from diarrhoea
due to ETEC (Qadri et al., 2007b). Another study in Egypt confirmed ETEC as a
common cause of diarrhoea in infants (Wierzba, 2006).
Al-Gallas et al. and Qadri et al. suggested that infections due to ETEC declined
between the age of 5 and 15 and increased again at adolescence because of different
environmental and immunological factors (Nataro and Kaper, 1998, Al-Gallas et al.,
2007, Qadri et al., 2007a, Qadri et al., 2005). Based on animal studies, the age related
infection was explained by the presence or disappearance of the K99 receptor in the
intestine (Runnels et al., 1980). However, factors such as individual variability and
repeated infection during childhood affected the infection progress and disease
development (Clemens et al., 2004).
1.4.2.2 Mixed Infection (co-infection)
Mixed infection usually occurs in the case of ETEC infection, and other
enteropathogens (Grimprel et al., 2008). Co-infection may disturb and mislead the
diagnosis of the actual cause of diarrhoea. This has led to the lack of understanding of
the actual pathogenesis of the infection (Grimprel et al., 2008). Mixed infection is
frequent and can occur in up to 40% of cases (Peltola and Siitonen, 1991, Black, 1993,
Albert et al., 1999, Qadri et al., 2000). Poor sanitation and contaminated food and water
are among the main reasons that have increase the opportunity of mixed infection in
some areas.
In cases of children infected with ETEC, rotavirus is the most common pathogen that
interferes and causes mixed infection. This is followed by other bacterial
enteropathogens (e.g., V. cholerae, Shigella spp., Cryptosporidium, Campylobacter
jejuni and Salmonella spp.) (Qadri et al., 2007b). In case of traveller’s diarrhoea,
enteroaggregative E.coli and Campylobacter spp are the common pathogens that occur
together with ETEC (Shah et al., 2009).
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Previous studies discussed the importance of mixed infection with ETEC and showed
the different mixed pathogens. Albert et al. studied 814 children with diarrhoea in
Bangladesh. The study showed that rotavirus was the major pathogen in case of mixed
infection that formed about 20% of the studied population (Albert et al., 1999).
Another study by Youssef et al. in Jordan showed that 15.5% of the samples from 265
children less than five years old suffered from diarrhoea were due to mixed infection.
In this population, rotavirus, EPEC and ETEC were the main causes of the mixed
infection cases (Youssef et al., 2000).
Other pathogens were studied in Kenya, India and Jamaica revealed that Shigella,
Vibrio, Campylobacter and Salmonella were the causes of the mixed infection (ZhiDong et al., 2002). Ascaris Lumbricoides was the prevalent pathogen in Mozambique
(Mandomando et al., 2007). Table 10 summarises the pathogens found in mixed
infections with ETEC.
1.4.2.3 Frequency of ETEC outbreak
Infection due to ETEC is more frequent during warm seasons (Mandomando et al.,
2007). A study in Bangladesh showed that although ETEC was endemic in Bangladesh,
outbreaks and high incidence of ETEC infection was mostly at the beginning of spring
(Albert et al., 1995). High temperature in warm seasons afforded a good environment
and the best conditions for optimal growth of ETEC (Qadri et al., 2005).
Figure 5 shows ETEC incidence in three different countries, Bangladesh (Asia),
Mozambique (Africa) and United Mexican States (South America). In Bangladesh and
Mozambique the high incidence and outbreaks tended to occur during the warm seasons
March, April and May. In The United Mexican states, high incidence and outbreaks
were more in June, July and august(Estrada-Garcia et al., 2009). In conclusions,
outbreaks in developing countries increased in warm seasons, which give the pathogens
the best environment to grow and spread.
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Table 10

Pathogens found in mixed infections with ETEC in different studies.

Pathogens mixed

Cases of mixed

Reference

Period

Country

Total cases

Rotavirus

1993-1994

Bangladesh

814

20%

(Albert et al., 1999)

Rotavirus, EPEC

1993-1994

Jordan

265

15.5%

(Youssef et al., 2000)

Rotavirus

1996-1998

Bangladesh

4662

15.6%

(Qadri et al., 2000)

Not available

7%

(Zhi-Dong et al., 2002)

529

10.6%

with ETEC

Shigella, Vibrio,
Campylobacter and

1996-1998

Kenya, India and
Jamaica

infection (%)

Salmonella
(Mandomando et al.,
A. lumbricoides

2000-2001

Mozambique

2007)
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(a) Seasonality of ETEC infection in Bangladish (Qadri,
2007)
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(b) Seasonality of bacterial diarrhoea in Mozambique
(Mandomando, 2007)
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(c) Seasonality of ETEC infection in Mexico
(Estrada, 2009)
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Seasonality of ETEC prevalence in Bangladesh (Asia), Mozambique (Africa) and
United States of Mexican (South America). Outbreaks occurred in hot seasons in the
mentioned countries.
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1.4.2.4 Contaminated Food and Water as Predisposing Factor for ETEC infection
Contaminated food and water harbor ETEC and spread the infection as a result (Begum
et al., 2007). In developing countries, where ETEC is endemic, studies showed that
surface water contaminated with ETEC is considered a predisposing factor in
developing diarrhoea and gastroenteritis (Ohno et al., 1997, Begum et al., 2007).
Transmission of ETEC by processed food products outside the developing world is less
commonly seen but well documented. In 1977, Sack et al. found that of 240 isolates of
E.coli from animal food originated in the United States, 8% were found to contain
ETEC. The strain produced either LT and ST or both (Sack et al., 1977).
Danielsson et al. reported a food born diarrhoea outbreak in Sweden in 1970
(Danielsson, 1979). A study in 2009 evaluated desserts prepared in popular restaurants
in the tourist cities of Guadalajara, Mexico, Houston and Texas. The study aimed to
determine the importance of coliform and E.coli as causes of traveller’s diarrhoea (Vigil
et al., 2009). Another study found that ETEC was the main cause of diarrhoea in
contaminated infant’s weaning food (Clemens et al., 1997).
1.4.2.5 Mortality from ETEC Diarrhoea
According to the World Health Organisation, more than 380,000 deaths in children less
than five years old are caused by ETEC every year (WHO, 2003). Most cases occur
because of a lack of medical support, rehydration therapy and adequate diet
management. In contrary, death numbers could have been reduced if patients with
ETEC received adequate treatment and health support.
1.4.3 Potential treatment of ETEC
Treatment of ETEC infection falls into three main aspects; prevention and treatment of
dehydration, the sustainability of patient’s diet and antibiotic therapy. Prevention can
be achieved by proper cleaning and adapting hygiene measures in food and beverage
preparation. Vaccination against ETEC has been a subject of much research. Attempts
for vaccine development are presented below (section 1.4.4). The management of
dehydration is through using the ORT solution and preventing further fluid loss. Using
antibiotics against ETEC infection prevents or reduces the complications, shortens the
duration of the illness and reduces mortality. On the other hand, the cost of using
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antibiotics, and the possible resistance development are concerns that have been raised
and has provided the impetus to develop more effective and inexpensive therapeutic
methods (Alam and Ashraf, 2003).
1.4.4 Vaccine against ETEC
Developing an effective vaccine against ETEC has been the goal of many studies (Taxt
et al., Mietens, 1979, Freedman et al., 1998, Walker et al., 2007). Immunisation against
ETEC has been an effective prophylactic strategy. Vaccine design was based on the
pathogenesis of ETEC. These studies highlighted the importance of fimbrial antigens
CFA, CS1-CS6 and LT/ST in the mechanism of action and disease progress (Byrd et al.,
2003, Navaneethan and Giannella, 2008, Fleckenstein et al., 2009).
Different approaches were used to develop an effective vaccine against ETEC; killed
oral vaccine, live attenuated oral vaccine and other approaches. DukoralTM by Sweden
BIO (SBL) was the first vaccine licensed and available over the counter. Using
recombinant cholera toxin B (rCTB) SBL made the first killed oral vaccine. An attempt
by Acambis in the United Kingdom using two non-toxigenic ETEC strains to express
CFA/I as live attenuated oral vaccine is in phase II. Other approaches include using
transcutanous immunising patches or using edible transgenic plants to express the
antigens and develop an effective vaccine. Table 11 summarises different attempts for
ETEC vaccine development and the recent status information.
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Table 11

Different vaccine approaches including the serotype, the company and the status towards developing a vaccine against ETEC infection
Vaccine

Serotype

Company

Status

DukoralTM

rCTB Cholera

SBL (Sweden)

licensed

Killed, oral, whole-cell ETEC and CTB

Whole-cell five strains of
ETEC &CTB

University of Göteborg
(Sweden)

Phase II

Oral killed CF-ETEC vaccine

Engineered E coli bacteria
K12

University of Göteborg
(Sweden)

Not available

CFAII

Acambis (UK)

Phase I

Killed Oral Vaccine

Live attenuated oral vaccines

PTL002 and PTL003
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Two nontoxinogenic ETEC strains that
express CFA/I

CFAI

Acambis (UK)

Phase II

Attenuated Shigella vectors that express
ETEC fimbrial and LT antigens

CFA/1, CS2, CS3 and CS4

University of Maryland (USA)

Phase I

spi-VEC oral live attenuated typhoid vector
that deliver ETEC antigens

E.coli LT-B subunit

Microscience (UK)

Not available

Engineered attenuated S flexneri 2a that
express the ETEC fimbriae subunit CfaB

CFAI and LT-B

Walter Reed Army Institute of
Research

Phase I

Peru15pCTB live attenuated oral cholera

Cholera and ETEC

AVANT

Phase I

Transcutaneous immunisation patch

A mixture of fimbrial antigens
(CS6 and LT)

IOMAI Corp (USA)

Phase II

Edible transgenic plants

Express the cholera toxin B
subunit (CTB) or the LT B
subunit.

University of Delhi South
Campus (India)

Not available

Other ETEC vaccines approaches
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1.5 Passive immunisation
B-cells produce five types of immunoglobulin these are, IgA, IgM, IgE, IgG and IgD,
also called antibodies. Immunoglobulins (Ig) have been used as a treatment tool against
infectious diseases (Hammarstrom et al., 1993, Casadevall et al., 2004). The theory was
based on the ability of antibodies to neutralise infectious agents and prevent the
progress of a disease. Antibodies could be administered via intravenous injection or
oral administration. The fact that antibodies can transfer to a dam’s milk and form a
very important formula for their offspring especially during the first days of life has
paved the way to use these animals as models for different pathogens and to use milk
therapy against different diseases.
Polyclonal antibodies are produced from different clones of B-cell. On the other hand,
monoclonal antibodies produced from on clone of B-cell. The advantage of polyclonal
antibodies is the production of large insoluble immune complexes with polyvalent
antigens (Schalkhammer, 2002).
Neutralising antibodies bind to the specific epitope and resulted in shape deformity and
inactivation of the antigen. For example, attached antibodies to picornaviruses will
result in aggregation, virion stabilisation, inhibition of virus attachment and capsid
deformity of the virus. This will prevent the infection and stop the disease process
(Burton, 2001).
1.5.1 ETEC immunotherapy approaches
Development of ETEC vaccine is based on two strategies: blocking adherence and/or
toxin activity. Colonisation factors are necessary for ETEC to adhere to the intestinal
mucosal lining. After adherence, LT or ST or both are expressed resulting in watery
diarrhoea (Lapa et al., 2008).
1.5.2 Using immunotherapy against Gastroenteritis
Immunotherapy defined as a treatment designed to initiate immunity to a disease or
enhance the resistance of the immune system to an active disease process (Dictionary,
2010). Using immunotherapy to target infectious agent and microorganisms is not
novel. The proposed theory in this study suggested that injecting animals with the
inactivated enteropathogens of interest, E.coli and rotavirus would enhance the immune
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system of the immunised animal. This in turn would result in the production of
antibodies. These antibodies would transfer through milk as a passive immunity to their
offspring.
This study targeted ETEC and mixed infection of rotavirus and E.coli as a major cause
of gastroenteritis in developing countries. Both vaccines against ETEC and mixed
vaccine of rotavirus and E.coli were used and were injected to ewes as an animal model
to produce polyclonal antibodies.
Previous studies were carried out to treat infectious diseases in general and
gastroenteritis in specific using antibodies produced in animals. Table 12 shows
previous studies used antibodies to treat gastroenteritis caused by variety of
enteropathogens. The antibodies were derived from bovine’s milk after immunisation.
except for Sarkar (2009) who used egg yolk to produce IgY and treat rotavirus
infection.
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Table 12

Previous studies on immunotherapy including the cause of diarrhoea, source of antibodies and their efficacy

Cause of diarrhoea

Source of antibodies

Efficacy

Year

Reference

E.coli

Bovine milk

+

1979

(Mietens, 1979)

Rotavirus

Bovine milk

Prevent outbreak

1985

(Ebina, 1985)

Rotavirus

Bovine milk

+

1987

(Brussow, 1987)

ETEC

Bovine milk

+

1998

(Freedman et al., 1998)

ETEC

Bovine milk

+ Prophylactic / - Treatment

2000

(Casswall, 2000)

Rotavirus

Bovine milk

+

2004

(Kvistgaard, 2004)

Rotavirus

Bovine milk

+

2007

(Bojsen et al., 2007)

Rotavirus

Egg yolk

+

2007

(Sarker, 2007)
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Mietens et al. (1979) used milk immunoglobulin concentrate (MIC) containing
antibodies against enteropathogenic E. coli strains. The resulted MIC was given to 60
patients suffering from diarrhoea due to enteropathogenic E.coli. Forty eight percent of
the patients showed positive results after the treatment (Mietens, 1979).
In 1985, Ebina et al. used bovine to produce milk with antibodies against rotavirus. The
resulted colostrum (Rota colostrums) was used as a prophylactic treatment against
rotavirus infection and during the period of rotavirus outbreak. Six infants were given
the milk as a prophylactic treatment. The result showed that the colostrums protected
children from rotavirus infection without any side effects. In the control group, six
infants were given 20ml of the market milk and develop rotavirus infection after
outbreak (Ebina, 1985).
Two years later, Brussow et al. did a study that showed milk immunoglobulin
concentrate had powerful antiviral activity, even against very high doses of infectious
rotaviruses. The study proposed that milk immunoglobulin concentrate was used to
induce passive immunity to infantile rotavirus gastroenteritis (Brussow, 1987).
A study held in 1998 by Freedman targeted ETEC and produced a hyperimmune bovine
milk antibody product with a specific activity against purified colonisation factor
antigens (CFAs). In the study, 25 volunteers were given hyperimmune milk and then
challenged with ETEC. The resulted antibodies against CFAs alone were sufficient for
protection (Freedman et al., 1998).
The therapeutic efficacy of an oral bovine immunoglobulin milk concentrate (BIC) from
cows hyperimmunised with ETEC and EPEC strains were tested by Casswall et.al.
Results showed a positive prophylactic effect but negative treatment effect (Casswall,
2000).
Kvistgaard et al. concluded that bovine macromolecular whey protein fraction had an
efficient and versatile inhibitory activity against rotavirus (Kvistgaard, 2004). Bojsen.et
al. studied the whey product of bovine milk as an alternative to colostral-derived
products for rotavirus treatment (Bojsen et al., 2007).
Another interesting study used egg yolk as a source of IgY for the treatment of
rotavirus. Results showed that therapy with IgY was dose dependent (Sarker, 2007).
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In conclusion, using immunotherapy against gastroenteritis and diarrhoeal diseases is
effective as both a prophylactic and therapeutic tool.
1.6 Diversification of sheep in developing countries
In this study, sheep was the animal model to produce antibodies against the
enteropathogens of interest. Sheep have been domesticated since 9000 B.C. Sheep are
multi-purpose animals that produce wool, meat and milk. They are distributed all over
the world with the majority in Asia, Africa and Oceania (Zygoyiannis, 2006). Sheep’s
milk contains higher levels of total solids and major nutrients than goat’s and cow’s
milk (Park et al., 2007).
Using sheep as an animal model for producing antibodies against ETEC and rotavirus
has many advantages in treating gastroenteritis. Sheep are easily domesticated and
widely available, especially in developing countries. Figure 6 shows the distribution of
sheep population in the world. About 65% of sheep are in Asia and Africa, where most
developing countries lie.
Sheep milk is a human consumable. Producing milk enriched with antibodies against
enteropathogens like rotavirus and E.coli gives milk an additional value beside its
nutritional value. In the very remote areas of developing countries, it is difficult to
maintain the good conditions and achieve the sustainability in providing vaccines. This
is due to the lack of transportation and suitable storing conditions to preserve vaccines.
Using sheep to produce antibodies enriched milk will provide one solution toward
affording good and efficient treatment in these areas.
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South America
7%

Central America and
Caribbean
1%

Asia
41%

North America
1%
Europe
13%

Oceania
13%

Africa
24%

Figure 6

Sheep population distribution all over the world. Where, most of the developing countries lie, 65% of sheep were in Asia and Africa.
Number of sheep = 106X percent in each area (Zygoyiannis, 2006).
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1.7 Antibody Applications in Forensic Science
Forensic science is a branch of science used in the resolution of legal disputes (White,
2004). Antibodies are utilised in forensic investigations through different assays such
as, enzyme immunoassay, radioimmunoassay and affinity chromatography. The use of
antibodies in forensic investigations is defined as forensic serology.
Antibodies are used to investigate biological samples such as blood, mucous, urine and
semen in forensic cases. In general, the antibody-antigen complex is the main indicator
for positive and negative samples. In forensic toxicology, antibodies were raised
against some types of toxins for immunotherapeutic and diagnostic approaches (Nusair
and Tay, 2010). In conclusion using antibodies in forensic science has many
applications and is considered a very useful tool in the diagnostic process.
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1.8 AIMS OF THE STUDY
The aim of this research was to develop polyclonal antibodies against two
enteropathogens, rotavirus and E.coli. These two enteropathogens are the main cause of
gastroenteritis which leads to severe dehydration in susceptible patients particularly
children. Diarrhoeal disease in children is the third most common cause of death of
children under the age of 5 years in developing countries(WHO, 2009). Effective
treatment will result in the possibility of relieving pain and preventing death caused by
dehydration occurring because of vomiting, diarrhoea and abdominal pain. In order to
achieve this, the following were completed:
1. Polyclonal antibodies were produced in the milk of sheep. Sheep were chosen to be
the animal model for immunisation against gastroenteritis; the milk enriched with
specific antibodies capable of neutralising the pathogen of interest. These pathogens
commonly affect children less than 5 years of age in developing countries and,
sheep are the majority of livestock population in these countries.
2. Milk and serum samples were used to measure the specific antibodies using in vitro
methods such as, enzyme linked immunosorbent assay (ELISA) and electrophoresis.
3. Mice were challenged with the ETEC followed by milk treatment with the specific
antibodies enriched milk derived from sheep vaccinated against ETEC and
antibodies enriched milk derived from sheep vaccinated with mixed vaccine
contains ETEC and rotavirus.
4. The effectiveness of antibodies in the gastrointestinal tract was assessed through
measuring the antigen and the antibody levels in the faecal samples of mice during
milk treatment and after weaning.
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CHAPTER 2: MATERIALS AND METHODS
2.1 VACCINE PREPARATION
2.1.1 Preparation of the Escherichia coli O78:h11 vaccine
Escherichia coli O78:h11 used for the vaccine preparation was Heat Stable (ST) and
Heat Labile (LT) enterotoxin positive and had Colonisation Factor Antigen/I (CFA/I).
The bacterial culture was stored at -80°C at the Forensic Biological Laboratory of
Centre for Forensic Science, University of Western Australia prior to use. The method
used for this vaccine preparation was modified from procedure developed by Allen et
al., (2006). Firstly, the frozen bacterial culture was left in the vial at room temperature
for at least half an hour to allow culture to completely thaw. A 1ml aliquot was used to
spike 2ml of Luria broth (LB), a medium that contained tryptone pancreatic digest of
casein (10g/L) yeast extract (5g/L) and NaCl (10g/L) (Sigma-Aldrich, USA). The
culture was incubated at 37°C overnight. After successful growth the bacteria was
further purified. The original culture diluted 1:100 in LB and grown at 37oC overnight.
The turbidity from the resultant growth had an optical density of 0.13 at 600nm as
determined using a NanoDrop®ND1000 spectrophotometer (ThermoScientific, USA).
Subsequently a 40ml sample of the culture was centrifuged at 4,000rpm for 20 minutes
at 4°C using Eppendorf® bench centrifuge (Eppendorf AG, Germany). The resultant
pellet was resuspended in 1.6ml of sterile Phosphate-Buffered Saline (PBS) (pH 7.4);
yielding a bacterial solution of approximately, 1x108CFU/ml. Serial dilutions were
prepared from the previous culture ranging from 1x10-1CFU/ml to 1x10-9CFU/ml. A
0.1ml aliquot of each dilution was streaked over a MacConkey agar plate (Oxoid,
Australia). The ingredients of the agar were peptone (20gm/L), lactose (10gm/L), bile
salts (1.5gm/L), NaCl (5.0gm/L), neutral red (0.05gm/L), crystal violet (0.001gm/L) and
agar (15.0gm/L). The plates were incubated overnight at 37°C. On the next day, the
number of colonies on each plate was counted to determine the actual dose of the
vaccine.
The bacteria used in the vaccine was inactivated using formalin treatment (SigmaAldrich, USA). Formalin was added to the bacterial solution to form 1M suspension.
The suspension was incubated for 2 hours at 37°C with continuous gentle agitation.
Subsequently, the suspension was incubated for 3 days at 4°C. After that, suspension
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was washed twice with sterile PBS (pH 7.4). A streak from the suspension was plated
onto LB agar which composed of the same ingredients as LB broth but with addition of
agar (12g/L). The plates were incubated at 37oC for two weeks. The plates were
checked on a regular basis and lack of the growth on the plate was used as an indicator
of complete inactivation of E.coli. The suspension was stored in aliquots at 4°C. On
the vaccination day, 0.5ml of the suspension was completely emulsified in 0.5ml
TiterMax Gold® (Sigma-Aldrich, USA) using one syringe, blunt needle method to form
1ml of the vaccine.
2.1.2 Preparation of the mixed vaccine (Rotavirus SA11 and E.coli O6:H16)
The vaccine containing a mixture of Rotavirus SA11 and E.coli O6:H16 was kindly
provided by Immuron Limited (Melbourne, Australia). The mixed vaccine was in an
inactivated form of a dose of1.5x108virions/ml rotavirus SA11 mixed with
5x108CFU/ml E.coli O6:H16emulsified in the adjuvant Montanide ISA740® (SEPPIC,
France).
2.2 SHEEP IMMUNISATION PROTOCOL
Two female Merino sheep (designated no.1 and no.2) were separated into individual
pens. They were housed alongside their lambs to maintain lactation and for their
general welfare. The animals were allowed to adapt to the surroundings of the large
animal facilities (LAF) at University of Western Australia, for two weeks. After
adaptation, 20ml milk and 5ml blood samples were taken from each ewe as reference
controls. Milk was collected by hand. Prior to collection, the lambs were put aside, to
allow milk to pool in, the udder Oxytocins was not required to facilitate milk let down.
Blood samples were collected using 18-gauge needles from the jugular vein. The site of
injection was wool-clipped prior to sample collection and disinfectant was used after.
No complications were encountered.
Sheep no.1 was immunised with the prepared E.coli O78:h11 vaccine. Sheep no.2 was
immunised with the mixed vaccine formula. The vaccines were injected into the muscle
in the hind quadriceps on Day 0, 15 and 29. Milk and blood samples were collected
from each group on Day 0, 8, 22 and 36. The samples collected at Day 0 before
immunisation were used as controls. All samples were centrifuged at 4,000rpm for 20
minutes at 4°C using Eppendorf® bench centrifuge (Eppendorf AG, Germany). The
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resultant serum samples and reduced fat milk were labelled and stored at -20°C for
further tests. All animal studies were conducted according to protocols approved by
Animal Ethics Committee of the University of Western Australia (reference No.
RA/3/100/921).
2.3 MOUSE CHALLENGE STUDY USING MILK
Fifty 21-day-old female Balb/c mice, Animal Resource Centre (Perth, Australia), were
used for mice studies. Upon arrival, the animals were allowed to acclimate to their new
environment in the Biomedical Research Facility (BRF) at the University of Western
Australia for 1 week prior to any experiment. Mice were housed in autoclaved microisolator cages that were lined with autoclaved bedding. The mice were separated into
five groups (10 mice per group). Each group was subject to a different treatment regime
as outlined below (Table 13), faecal samples were collected from animals and specific
indicators were measured. Mice had free access to autoclaved water and food.
Prior to commencement of the experiment, all mice were weighed and faecal samples
were collected and pooled from each group. All mice were gavaged orally with 40µl
5% bicarbonate buffer to neutralise their stomach acidity directly before the bacterial
inocula. A description of the protocol carried out on each group of animals is
summarised in Table 13.
Groups 1, 2 and 3 were challenged with the E.coli pathogen. Specifically, 0.2ml of
1x107CFU/ml E.coli O78:h11 was introduced into the animals using a 20-gauge gavage
needle (Popper and Sons, Inc, USA). The animals in Group 4 and 5 received 0.2ml
normal saline instead of bacterial suspension. Faecal samples were pooled and
collected every 24 hours from each group. After 24 hours of the inoculation, each
mouse in Group 1 was treated with 0.2ml milk enriched with polyclonal antibodies
against E.coli O78:h11. All mice in Group 2 were treated with 0.2ml milk without
antibodies. Group 3 and 5, mice were treated with 0.2ml milk enriched with polyclonal
antibodies against Rotavirus SA11 and E.coli O6:H16. Finally, Mice in Group 4 were
gavaged with 0.2ml milk without antibodies. The indicator of infection to as well as the
measure of successful neutralisation was assessed by measuring relevant antibodies and
antigen levels in the faeces of the mice (see section 2.4.2). All mice were euthanised at
the end of the experiment using a single intra peritoneal injection of 160mg/kg
pentobarbitone per mouse.
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1

2

3

4

5

Infection of subjects by
gavage with E.coli
O78:h11

(n=10 in
each)

Pretreatment
regimen

Infection
protocol at
time = 0
hour

Control animals
receiving saline
as gavage

Study
Group

Summary of the mice experiments showing the three test groups challenge with pathogenic E.coli O78:h11 (group 1, 2 and 3) and the
two control groups (4 and 5), that received saline in place of E.coli

Collection of faecal samples for testing as pretreatment control ( at time prior to treatment)

Table 13

Time in hours when faecal samples were collected for testing.
Treatment amounts shown in ml of milk administered *
Treatment Protocol
24
hours

48
hours

72
hours

96
hours

120
hours

144
hours

162
hours

180
hours

Milk enriched with specific polyclonal
antibodies against E.coli O78:h11

0.2ml

0.2ml

0.2ml

0.2ml

0.2ml

0.0ml 0.0ml

0.0ml

Treatment with milk with no specific
antibodies

0.2ml

0.2ml

0.2ml

0.2ml

0.2ml

0.0ml 0.0ml

0.0ml

Milk containing anti-Rotavirus SA11 and
anti-E.coli O6:H16 antibodies

0.2ml

0.2ml

0.2ml

0.2ml

0.2ml

0.0ml 0.0ml

0.0ml

Milk with no specific antibodies

0.2ml

0.2ml

0.2ml

0.2ml

0.2ml

0.0ml 0.0ml

0.0ml

Milk containing anti-Rotavirus SA11 and
anti-E.coli O6:H16 antibodies

0.2ml

0.2ml

0.2ml

0.2ml

0.2ml

0.0ml 0.0ml

0.0ml

* 0.2ml of milk used for treatment. 0.0ml = animals were weaned of milk treat regime
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2.4 ANTIBODY PRODUCTION IN SHEEP
2.4.1 Measurements of anti E.coli O78:h11 polyclonal antibodies in serum and
milk samples from sheep
Polyclonal antibodies against E.coli O78:h11 in the serum and milk samples harvested
from sheep no.1 were measured using an indirect Enzyme Linked Immunosorbent
Assay (ELISA). Firstly, an overnight culture of E.coli O78:h11 was prepared on LB
agar plates at 37oC. The bacteria were collected in a tube to which 50ml 0.1M
carbonate/bicarbonate solution (pH 9.6) was added. The bacterial suspension was
inactivated by immersing the tube into a hot water bath at 60oC for 30 minutes.
The inactivated bacterial suspension was centrifuged at 4,000rpm for 20 minutes at 4oC.
The resultant pellet was suspended in 1ml carbonate/bicarbonate solution and the
turbidity reading of 0.3 at 660nm was measured. Subsequently, 0.1ml of the suspension
was added to each well of the 96-well flat-bottom plates (Bio-Rad, USA). The plate
was covered with a biofilm and incubated overnight at 4°C. On the next day, the wells
were washed with 1M PBS containing 0.05% Tween-20. A blocking buffer was
prepared by mixing 2% bovine serum albumin (BSA) in 1M PBS. A 0.1ml aliquot of
this blocking buffer was added to each well. The plate was incubated overnight at 4°C.
Wells were washed twice using 1M PBS containing 0.05%. Tween-20.
The amount of the antibody in the serum and milk samples were measured at four
different dilutions (undiluted, 1/10, 1/100, 1/1000). The samples were processed in
duplicates. The plates were kept overnight at 4oC. After washing, a 50µl aliquot of the
secondary antibody, peroxidase conjugate anti-sheep IgG produced in donkey (Sigma
Aldrich, USA) at a dilution of 1/5000 was added to each well. Subsequently, the plates
were washed and a 50µl of liquid substrate, 3,3’,5,5’-tetramethylbenzidine (Sigma
Aldrich, USA) was added to each well. The plates were incubated in the dark for 30
minutes at room temperature. Finally, 50µl of 2M HCl was added to each well to stop
the reaction. The plate was read at 450nm using Enzyme Linked Immunosorbent Assay
reader (Bio-Rad Laboratories, USA).
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2.4.2 Measurements of anti rotavirus SA11 and E.coli O6:H16 polyclonal
antibodies in serum and milk samples from sheep
The method described above (section 2.4.1) was also used to measure the levels of
polyclonal antibodies against rotavirus SA11 and E.coli O6:H16 produced in sheep
no.2. A commercial Rotavirus SA11 antigen (Fitzgerald Industries International, USA)
was prepared at a concentration of 0.39mg/ml. The E.coli O78:H11 antigens were
prepared as described above. The antigens were diluted in the carbonate /bicarbonate
buffer to a concentration of 20µg/ml.
2.5 DETECTION OF THE ANTIBODIES AND ANTIGENS IN THE MOUSE
CHALLENGE STUDIES
Faecal samples were collected from animals in all five groups. The levels of antibodies
and enterotoxin antigens in the faeces were quantified. The levels in the five groups
were compared to assess the efficacy of antibody therapy. Samples were collected and
stored at -80oC prior to testing.
2.5.1 Measurements of anti E.coli O78:h11, anti rotavirus SA11 and E.coli O6:H16
polyclonal antibodies in faecal samples from mice
The faecal samples were thawed, weighed and placed in 1ml PBS (pH 7.4). The pooled
faecal samples were measured at four different dilutions (undiluted, 1/10, 1/100,
1/1000). The ELISA for quantification of polyclonal antibodies is as summarised above
(section 2.4.1).
2.5.2 Detection of Enterotoxigenic E.coli O78:h11 heat stable ST enterotoxin in the
faeces of mice after culturing on MacConkey agar.
Serial dilutions of the faeces were prepared in 1%peptone water (Oxoid Pty Ltd,
Australia). A 100µl aliquot of each dilution was streaked over a MacConkey agar plate
and incubated overnight at 37oC. Five different colonies that morphologically
resembled E.coli were picked from each plate and confirmed using COLIST EIA
(Denka Seiken CO., Ltd, Japan). The monoclonal antibodies used in this kit are capable
of detecting both STh (ST produced by E.coli of human origin) and STp (ST produced
by E.coli of animal origin). The 96-wells plate was coated with synthesised enterotoxin
and stabiliser. Culture filtrate was added to the wells, followed by anti-ST monoclonal
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antibodies conjugated with peroxidase. Bound antigen antibody was detected with the
substrate. The reaction was stopped after 15 minutes with the stopping solution
(0.75mol/L sulphuric acid). The colour changes were observed visually and quantified
using spectrophotometer (Bio-Rad Laboratories, USA) at 450nm.
2.5.3 Measurements of E.coli O78:h11 heat stable enterotoxin antigen in faecal
samples filtrate from mice
Measurements of E.coli O78:h11 heat stable enterotoxin (ST) antigen was performed
using a commercial kit, COLIST EIA (Denka Seiken CO., Ltd, Japan). The method
used was based on the manufacturer’s instructions and as described above (see section
2.5.2).
The faecal samples collected from the animals for the enterotoxin measurements were
immediately stored at -80oC to preserve enterotoxin antigens. Prior to the test, 0.1g of
the faecal sample was diluted in 1ml PBS (pH7.4). The pellets were crushed using
metal spatula. They were mixed thoroughly on a vortex and let sit on ice for 45
minutes. Subsequently, the suspensions were centrifuged 5 minutes at 4°C.
Heat stable enterotoxin was measured using the faecal filtrate from the previous step.
100µl of the faecal filtrate were added to each microwell of the kit as a sample. After
the reaction stopped, the plate was read at 450nm using spectrophotometer (Bio-Rad
Laboratories, USA).
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CHAPTER. 3 RESULTS
3.1 VACCINE FORMULA
Two vaccine preparations were administered one with a single antigen and second
containing antigens against two microorganisms. The Escherichia coli O78:h11
vaccine dose used was at a concentration of 1x108CFU/ml. The mixed vaccine dose
was 1.5x108virions/ml rotavirus SA11 mixed with 5x108CFU/ml Escherichia coli
NL053. The mice inoculums dose of bacteria was 1x107CFU/ml E.coli O78:h11.
3.2 ANTIBODY PRODUCTION IN SHEEP
3.2.1 Quantification of polyclonal antibodies against E.coli O78:h11 in serum and
milk of sheep no1.
Sheep no.1 was immunised with a 1x108CFU/ml dose of E.coli O78:h11. Figure 7
shows the antibody levels in serum and milk samples against enterotoxigenic E.coli
O78:h11. The vaccine was given to sheep no.1 on Day 0, 15 and 29. The blood and
milk samples were collected at Day 0, 8, 22 and 36. Serum and milk samples were
prepared and antibody levels were assessed by ELISA. Absorbance of the samples was
measured at wavelength 450nm and at 1/1000 and 1/100 dilution for serum and milk
respectively. Figure 7 shows an increase in the polyclonal antibodies against E.coli
O78:h11 in serum. The amount of antibodies increased as shown by the increase in
absorbance from 0.10 to 0.79. The absorbance decreased slightly after the second
injection to 0.73. After the third injection, the absorbance reading of antibodies in
serum increased slightly to 0.76.
Milk samples were processed to remove fat and diluted to a 1/100 dilution prior to
ELISA. The levels of polyclonal antibodies against E.coli O78:h11 show an increase
after first injection from 0.06 to 0.60, and then a slightly increase after the third
injection to peak at 0.63 as shown in Figure 7.
3.2.2 Quantification of polyclonal antibodies against Rotavirus SA11 and E.coli
O6:H16 in serum and milk of sheep no2.
Mixed vaccine stimulated the immune system of sheep no.2 to produce antibodies
against both rotavirus SA11 and E.coli O6:H16. The antibody levels were measured
and interpreted in Figure 8. At a 1/1000 dilution, antibodies in serum showed an
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increase in the levels against rotavirus SA11 (0.05 to 0.7) after the first injection. This
increase observed in milk at a 1/100 dilution, indicated by the increase in the level from
0.04 to 0.52. It was shown that the levels of polyclonal antibodies against rotavirus
SA11 in serum were higher when compared to the levels found in milk. There was a
slight decrease in the absorbance reading after the second injection to 0.68, 0.50 in
serum and milk respectively. Subsequently after the third injection, the level of
polyclonal antibodies against rotavirus SA11 increased to an absorbance reading of
0.74, followed by increase in the level in milk to 0.59.
In similar comparison, Figure 9 was prepared to show the antibody levels against E.coli
O6:H16 in serum and milk of sheep no.2. In serum samples at a 1/1000 dilution,
polyclonal antibodies against E.coli O6:H16 showed an increase in the absorbance
reading from 0.04 to 0.58 after first injection. The level showed a slight decrease at day
22, then another increase after the last injection (0.60). Polyclonal antibodies in milk
samples showed same trend as serum. The level showed an increase after first injection
(0.40) and another increase after the last injection (0.42) at day 36.
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0.8

0.7

Absorbance at 450nm

0.6
0.5
Day 0

0.4

Day 8
Day 22

0.3

Day 36

0.2
0.1
0
Serum 1/1000

Milk 1/100

Polyclonal antibodies against E.coli O78:h11 in serum and milk of sheep no.1
Figure 7

The absorbance of polyclonal antibodies against E.coli O78:h11 in serum samples at a 1/1000 dilution and milk samples at a
1/100 dilution from sheep no.1 using ELISA. The sheep was immunised at Day 0, 15 and 29. Sample collection days were 0, 8,
22 and 36.
57

0.8
0.7

Absorbance at 450nm

0.6
0.5
Day 0
Day 8
Day 22
Day 36

0.4
0.3
0.2
0.1
0
Serum 1/1000

Milk 1/100

Polyclonal antibodies against Rotavirus SA11 in serum and milk of sheep no.2
Figure 8

The absorbance of polyclonal antibodies against rotavirus SA11 in serum samples at a 1/1000 dilution and milk samples at a 1/100
dilution from sheep no 2 using ELISA. The sheep was immunised at day 0, 15 and 29. The sample were collected at day, 0, 8, 22 and
36.
58

0.8
0.7
0.6

Absorbance at 450nm

0.5

Day 0
Day 8

0.4

Day 22
0.3

Day 36

0.2
0.1
0
Serum 1/1000

Milk 1/100

Polyclonal antibodies against E.coli NL 053 (O6:h16) in serum and milk of sheep no.2
Figure 9

The absorbance of polyclonal antibodies against E.coli NL 053 (O6:H16) in serum samples at a 1/1000 dilution and milk samples at a
1/100 dilution from sheep no.2 using ELISA. The sheep was immunised at day 0, 15 and 29. The samples were collected at day 0, 8, 22
and 36.
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3.3 ANTIBODIES AND ANTIGENS IN THE MOUSE CHALLENGE STUDIES.
3.3.1 Quantification of polyclonal antibodies against E.coli O78:h11, Rotavirus
SA11 and E.coli O6:H16 in the mice faecal samples
Survival of polyclonal antibodies against E.coli O78:h11, Rotavirus SA11 and E.coli
O6:H16 in gastrointestinal tract of mice was studied during and after the milk treatment
period. Two groups 1 and 5 were studied to quantify polyclonal antibodies against
E.coli O78:h11, rotavirus SA11 and E.coli O6:H16 in undiluted faecal samples. Milk
was administered at Hours 24, 48, 72, 96 and 120. Faecal samples were collected every
24 hours during milk treatment and every 18 hours after milk treatment of mice study.
ELISA was used to quantify the polyclonal antibodies in undiluted faecal samples.
Antibodies survival in the gastrointestinal tract during milk treatment and after weaning
were measured for group 1 mice. Figure 10 shows the levels of polyclonal antibodies
against E.coli O78:h11 in faecal samples of mice in group 1. During time 0 to 24 hours,
the level of polyclonal antibodies was almost zero because no milk was administered
during this period. First milk administration was at Hour 24. The level increased at
Hour 48 (0.39), and then the level showed a slight decrease during the period from Hour
72 (0.38) to Hour 144 (0.32). Sharp decrease observed at Hour 162 (0.122) and at Hour
180 (0.02).
Figure 11 shows the levels of polyclonal antibodies against rotavirus SA11 and E.coli
O6:H16 in faecal samples of mice in group 5. As per group 1, no increase was observed
during the time 0 to 24 hours. The level of Polyclonal antibodies against rotavirus and
E.coli O6:H16 increased at Hour 48 to peak 0.31 for rotavirus and 0.18 for E.coli
O6:H16. The levels for both rotavirus SA11 and E.coli O6:H16 showed a slight
decrease during the time 72 to 144. During the last 36 hours, the level of antibodies
dropped to the zero level.
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Figure 10

The absorbance of polyclonal antibodies against E.coli O78:h11 in undiluted pooled faecal samples using ELISA. The samples were
collected from Balb/c mice challenged with E.coli O78:h11. Subsequently the E.coli infection was treated with milk containing
polyclonal antibodies raised specifically against E.coli O78:h11 in sheep milk. “I” denotes the time that the Infection was established
and “M” denotes when milk samples were administered.
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Figure 11

The absorbance of polyclonal antibodies against rotavirus SA11 (─) and E.coli O6:H16 (····) in undiluted pooled faecal samples using
ELISA. The samples were from Balb/c mice treated with milk containing polyclonal antibodies raised specifically against rotavirus
SA11 and E.coli O6:H16 as a mixed vaccine in sheep milk. “I” denotes the time that the Infection was established and “M” denotes
when milk samples were administered.
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3.3.2 E.coli O78:h11 heat stable enterotoxin (ST) antigen in faecal samples from
mice
Faecal samples were collected from each group of mice. They were pooled and stored
at -80oC prior to analysis. The samples from each group were mixed thoroughly and a
0.1g subsample processed as a representation of the infection status of each group.
Table 14 shows the response of Group 1, 2, 3, 4 and 5 to protection with milk. The
response was assessed based on the quantification of E.coli ST measured by COLIST.
Briefly, three test groups, namely 1, 2 and 3 were challenged with E.coli O78:h11. In
the animals of all three groups milk enriched with specific antibodies (group 1and 3)
and a placebo (group 2) were introduced at time 24, 48, 72, 96 and 120. The animals in
groups 1, 2 and 3 were E.coli ST positive 24 hours after challenge. Moreover, they
remained positive at 48, 72 hours. After 96 hours, the COLIST results from Group 1
were negative, whilst the COLIST results from Group 2 and 3 remained positive. After
120 hours, only the COLIST results from Group 2 were positive and all groups showed
negative results at 144 hours.
Figure 12 shows E.coli O78:h11 enterotoxin quantification for group 1, 2 and 3.
According to the manufacturer’s procedure, the kit reading less than or equal to 0.5
were considered E.coli ST positive and reading more than 0.5 were considered E.coli
ST negative. The figure shows negative result for ST at time 0. At time, 24, 48 and 72
results were positive for all three groups. After 96 hours, results for group 1 were
negative and remained positive for Group 2 and 3. After 120 hours, results were
positive just for Group 2 and become negative after 144 hours for all groups.
Group 4 and 5 were E.coli or infection negative controls. Instead of receiving a gavage
with inoculums of the pathogen, animals were infected with saline. In group 4, no side
effects were observed because of milk administration on mice. Both Group 4 and 5
showed negative results for E.coli ST.
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Table 14

Five groups of mice were infected with E.coli (1, 2 and 3) or received a saline placebo (4 and 5). Each group received the treatment
regimen shown. The COLIST Kit used to detect the presence of E.coli O78:h11 ST at time 24, 48, 72, 96, 120 and 144 hours.

Study

Result for heat stable ST detection on each day of

Group

Pre-treatment

Infection protocol at

Treatment Protocol administered at 24,

(n=10 in

regimen

time = 0 hour
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24
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hours

hours

hours

hours

hours

hours

+

+

+

-

-

-

+

+

+

+
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+

+
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-

-

-

-

antibodies against E.coli O78:h11
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and anti-E.coli O6:H16 antibodies

as gavage

5

receiving saline

4

Infection of subjects by

3

Milk enriched with specific polyclonal

Control animals

2

treatment controls

1

Collection of faecal samples for testing as pre-
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Figure 12

The absorbance values used as the measure of the presence of E.coli ST in faecal samples from animals in groups 1, 2 and 3.According
to the guideline from the manufacturer of the kit readings less than or equal to 0.5 were considered E.coli ST positive and readings more
than 0.5 were considered E.coli ST negative.

65

CHAPTER 4: DISCUSSION AND CONCLUSION
4.1 DISCUSSION
Gastroenteritis caused by rotavirus and enterotoxigenic E.coli (ETEC) causes more than
1.7 million deaths every year. Most of deaths occurred in children less than five years
of age in developing countries. The availability and sustainability of treatment for
gastroenteritis will help to decrease number of death cases of the affected populations.
Treatment regimens should be designed to ensure maximum possible compliance by the
parents of affected children.
Drug delivery to human in many developing countries is problematic. This is due to
lack of basic infrastructure in these areas including electricity, roads and transportation
which will affect the shelf life of the drugs or vaccines that required special storing
conditions, usually at 4oC. For example, outreach territories in Pohnpei Island of
Micronesia posed logistical problem for the delivery of cholera vaccine due to the
remoteness of the communities (Calain et al., 2004). Hence, this work was conceived to
access the once popular antibody based therapy (Alexander, 1943).
Treatment of gastroenteritis caused by rotavirus and ETEC using polyclonal antibodies
in the milk of ruminants offers a pragmatic solution in developing countries. Access to
milk is linked to the availability of high numbers of ruminants in these countries. More
than 65% of the global sheep population is distributed over Asia and Africa where most
of developing countries lie (see section 1.6). Most dairy herds raised in countries where
incidence of diarrheal diseases is high. According to Food and Agriculture
Organisation (FAO), the number of dairy animals is the largest in developing countries.
For example, in India the number of dairy animals is about 100,000,000. In India, the
number of deaths resulting from diarrheal diseases is very high (see Table 15).
In this study, sheep were used to produce antibodies in milk against three different
strains of enteropathogens that cause gastroenteritis. These enteropathogens are ETEC
strains O78:h11, O6:H16 and rotavirus strain SA11. The resulted antibodies in milk
were measured using ELISA.
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Table 15

Rank

Regions with significant deaths arising from Diarrheal Disease (DD) are
located in countries with the world’s largest dairy herds where there is
easy access to milk
Countries and numbers of deaths

Dairy Animals

Top 20 DD

Under 5 Death

Number

Rank

1

Countries Under 5
India
Death

549,663

99,459,000

1

17

Sudan

15,893

67,095,000

2

2

China

206,016

58,342,186

3

8

Brazil

44,376

25,000,000

5

6

Pakistan

63,210

24,487,000

6

5

Bangladesh

79,440

21,985,000

7

16

Turkey

16,934

16,629,386

9

7

Ethiopia

55,741

10,386,000

13

4

Indonesia

79,788

9,068,970

16

12

Kenya

24,684

9,042,000

17

10

Afghanistan

25,269

8,468,000

20

13

Egypt

23,616

6,400,000

24

20

Iraq

12,289

4,550,150

29

19

Yemen

14,039

3,165,000

38

14

Myanmar

18,821

2,290,002

44

11

Uganda

25,232

2,100,000

47

3

Nigeria

93,808

18,257,000

54

18

Thailand

15,098

300,000

115

15

Viet Nam

17,160

135,120

131

9

Philippines

27,504

5,700

165

Source: FAOSTAT (2006), WHO (2000), UN (2005)
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Balb/C mice used to study the efficacy of antibodies in milk against the ETEC induced
infection in mice groups. Mice were challenged with the pathogen and then gavaged
with antibodies enriched milk to measure the effectiveness of the resulted milk.
Survival of polyclonal antibodies in the gastrointestinal tract of mice was studied during
the milk treatment period and after weaning. Faecal samples were collected and
antibody levels were measured using ELISA.
The first sheep (no.1) immunised against ETEC showed a high level of antibodies in
serum and milk after the first immunisation against E.coli O78:h11. This increase was
an indication of the stimulation of immune response against the antigens in the vaccine.
The data showed an increase in the antibody levels in serum higher than those in milk.
This is expected as the first encounter of the antigens would be in the blood then the
antibodies would leak into the milk. This forms the passive immunity passed from
mother to offspring. Colostrum is the first milk formed in the mammary gland of dams.
Colostrum protect offspring of mammalian species through the high level of
immunoglobulin that concentrated in milk during late pregnancy and first few days after
parturition (Bitzan et al., 1998). Newborn animals that do not receive the “first milk” or
colostrums during first 24 hours of birth will be susceptible to pathogens and diseases
that might resulted in death (Uruakpa et al., 2002)
The slight increase in the antibody level after the second and the last immunisation was
due to production of large numbers of B-cells. The B-cells were bearing antigenspecific cell-surface antibodies (Stanley A. Plotkin et al., 2008).
In serum and milk, there were certain levels of antibodies at Day 0 (absorbance reading
is 0.101). This was due to possible previous exposure of the sheep to the same antigens.
In general, E.coli is a very common pathogen. This proposed a high possibility of
previous exposure.
Sheep no.2 responded to the mixed vaccine and the levels of antibodies increased after
first injection. In general, the response of sheep no.2 to the mixed vaccine was lower
than that of sheep no.1 to E.coli O87:h11 prepared vaccine. This can be explained by
the difference between the nature of the involved antigens, the individual variability
between the sheep and due to the difference of the adjuvant. The adjuvant of the mixed
vaccine was Mountanide®, while that for the E.coli O87:h11 was TiterMax®. In
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addition, the E.coli O78:h11 vaccine prepared in-house was composed of whole-cell
antigens. The larger the antigen’s size the higher the immune response. Adjuvants
have been used for sixty years to increases the response of immune system to the
vaccinated antigen (Gupta et al., 1993). Different types of adjuvant stimulate the
immune system to different levels of response (Geerligs et al., 1989). For example,
different types of adjuvant have been used in developing a vaccine to leishmania.
These adjuvants show variability in response and side effect (Mutiso et al., 2010).
Vaccine could be manufactured as a single antigen or as multiple antigens. Using a
single antigen vaccine will elicit a higher immune response and produce more
antibodies (Roy et al., 1990).
Figure 9 shows the same trend of antibody increase in serum and milk against E.coli
O6:H16. The dilution was different though. It was 1/1000 for serum samples compared
to 1/100 for milk samples. This indicated the lower concentration of antibody levels in
milk compared to levels in serum of both sheep against both vaccines. The explanation
of this might be due to the fact, that the antigens were injected. Thus, the immune
response would have started at blood then antibodies excreted into milk.
Survival of antibodies against E.coli O78:h11 in the gastrointestinal tract of mice
measured in undiluted pooled faecal samples is shown in Figure 10. The level studied
indicated the passage of the milk enriched with antibodies in the gastrointestinal system
of mice. The resulting levels showed absence of the antibodies at hour 0 and then a
sudden increase after 24 hours following the milk antibody administration. The levels
then showed a slight decrease during the treatment hours up to 144 hours. After 162
hours, the level dropped sharply. A second reduction was observed after 180 hours. In
general, the antibody levels were lower in undiluted pooled faecal samples than the
levels in milk. This was due to loss of antibodies in the digestion and absorption
process of the mice’s gastrointestinal system.
Figure 11 shows the same trend of antibodies against rotavirus SA11 and E.coli O6:H16
that increased after 24 hours of the milk challenge and then decreased towards very low
level after 162 and 180 hours of the same challenge. In general, the levels of faecal
antibody against E.coli O87:h11 was higher than those against the mixed vaccine. This
was due to higher antibody levels against E.coli O87:h11 in milk compared to those
from sheep no.2 immunised against the mixed vaccine.
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Figure 12 and Table 13 show Group 1, 2 and 3 mice response to milk challenge.
Group1, 2 and 3 were challenged with E.coli O78:h11. Group 1 was gavaged with milk
enriched with polyclonal antibodies raised specifically against E.coli O78:h11. Group 2
was gavaged with milk without antibodies and group 3 was gavaged with milk enriched
with polyclonal antibodies raised specifically against E.coli O6:H16 and rotavirus
SA11. The three groups were negative to ST at time 0 before milk administration. This
was for the control samples. After 72 hours, they were ST positive due to the course of
the infection. The infection usually takes 1 to 2 days for incubation and 3 to 4 days for
recovery in case of diarrhea the course last 3 to 4 days and is self limited (Qadri et al.,
2005). The first three groups of mice were ST positive at 72 hours (3 days) then Group
1 and 2 were negative afterwards. This recovery indicated that the challenged milk
enriched with polyclonal antibodies was effective in enhancing the recovery process. In
another word, the polyclonal antibodies neutralised the inoculated antigens in mice.
On the other hand, Group 2 mice showed positive results even after the milk challenge.
This was due to using regular milk (milk without the specific polyclonal antibodies) to
treat the group. Group 3 showed positive result for 96 hours then showed negative
results at Hour 120 and 144. This means that polyclonal antibodies against E.coli
O6:H16 (CFAII, CS1, CS3, ST+, LT+) were effective against E.coli O78:h11 (CFAI,
ST+, LT+) and succeed to neutralise the antigens. ETEC O6:h16 Group 2 showed
negative result at last day after 144 hours, which could be due to self-recovery because
of the low dose used for inoculation.
The overlap in between the high incidence of diarrhoeal diseases countries and the large
number of dairy herds in these countries serves the idea of using these dairy herds as
rescuer. This could be achieved through the production of polyclonal antibodies in the
ruminant’s milk against diarrhoea causing enteropathogens and using this milk as a
treatment tool in addition to the nutritional value of the milk (see Table 16).
At present the World Health organisation and the United Nations Children’s Fund
(UNICEF), recommend and prescribe Oral Rehydration Solution (ORS) for dehydration
treatment. ORS is delivered as a sachet containing about 40g sugar, 3.5g salt. Parents
should dissolve this sachet in one litre of clean water to be ready to address diarrheal
disease. Comparing ORS to a one litre of milk, which composed of 880g of water, 46g
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of sugars and 1.6g of salts, shows the extra ingredients in milk. The electrolyte
properties of milk are similar to the oral rehydration solution (ORS).
The water in the milk has been filtered through the mammary glands where no
pathogens can pass (see Table 16). Moreover, using ORS will help to reduce the
symptoms of dehydration, but it did not eliminate the causative agents. On the other
hand, using milk enriched with antibodies against enteropathogens will serve as a
rehydration solution and as a treatment tool.
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ORS

Milk

Sugar (g)

40.0

46.0

Salt (g)

3.5

1.6

Protein (g)

0.0

39.0

Fat (g)

0.0

33.0

Vitamins (g)

0.0

0.4

Volume (ml)

1,000

1,000

Nutrition

Components

Electrolyte

Milk contains electrolytes, but has the added benefit of nutrition and
germ-free water

Water

Table 16
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4.2 CONCLUSION AND RECOMMENDATIONS
In conclusion, developing polyclonal antibodies in the milk of ruminants is an effective
way; at least to combat the variety of infectious diseases. This has been supported by
previous works and studies (see Table 12). For example, Mietens,(1979) succeeded in
treating 84% of patients infected with E.coli.using milk immunoglobulin concentrate
(Mietens, 1979). In another study, milk immunoglobulin with a specific activity against
colonisation factor protected 14 volunteer out of 15 form E.coli infection (Freedman et
al., 1998). In addition, the flexibility of milk manufacturing into powder or pellets
gives the suggested method of producing polyclonal antibodies enriched milk
competitive characteristics over using other vaccines. There are processes to dry milk at
relatively low temperatures (i.e. 70oC). Water is removed from milk using a process
called spray drying which used hot air to dry milk. Another way is to use freeze-drying
method, which is convenient for preserving the nutrients of milk. This will minimise
protein denaturation and as a result maintain the antibody therapeutic activity in milk
(Singh and Creamer, 1991). Processed milk will facilitate the transportation and storing
to implement at developing countries.
Moreover, using mixed vaccine of rotavirus and enterotoxigenic E.coli to produce milk
enriched with polyclonal antibodies was effective against ETEC infection. This could
be a good indicator of the possibility that the produced milk against both would be
effective also against rotavirus. Yet, this possibility has not been tested in this research.
Further investigation is needed. If the outcome was promising then producing such
milk would be more valuable as mixed infection is very common in developing
countries. Immunoglobulins in ruminants’ milk provide antimicrobial protection
against the specific vaccinated pathogen (Korhonen, 2000).
Further research is recommended in the scope of increasing the efficacy of the vaccine,
antibodies purification and characterisation. This might help in harvesting more
antibodies. In addition, exploring the possibility of using other animals to produce the
polyclonal antibodies enriched milk such as camels. Camel has a unique type of
antibodies that lack the light chain and made it the smallest antigen binding fragment
(Muyldermans, 2001). It is important to investigate the best species to produce the milk
as their response might be higher to the vaccines and their antibodies might be more
efficient in neutralising the pathogens of interest. The production animals should be
73

considered after assessment of nature of agriculture specific to the region. In addition,
the selection of the most antigenic prevalent vaccine will result in maximum protection.
For example, human-bovine rotavirus reassortant vaccine contains wide common
variety of antigens. Using such, vaccine might end up in developing universal
therapeutic milk that would help treating a wide range of gastroenteritis. This in turn,
would save many children all around the world. Developing such therapy would add
nutritional value to the treatment characteristics; this value essentially needed in
developing countries.
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APPENDICES
Appendix A. Sheep descriptions
Sheep descriptions and sample collection days with milk and serum absorbance
1
2

Vaccinated against rotavirus SA11 and ETEC O6:H16
Sheep No.

Sample collection Days

Vaccinated against ETEC
Sample for Rotavirus

Samples for ETEC O6:H16

measurements

measurements

O78:h11

D0

D8

D22

D36

D0

D8

D 22

D 36

D0

D8

D 22

D 36

Serum

Absorbance at 450nm

0.055

0.707

0.685

0.741

0.044

0.585

0.557

0.604

0.101

0.797

0.736

0.762

Milk

Absorbance at 450nm

0.048

0.523

0.503

0.591

0.043

0.407

0.386

0.428

0.068

0.609

0.588

0.634
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Appendix B. Faecal samples absorbance
Faecal samples collection days and absorbance in each day

Time after milk
immunotherapy

Status

0

24

48

72

96

120

144

162

180

0.003

0.005

0.319

0.299

0.31

0.26

0.24

0.105

0.002

0.012

0.01

0.182

0.167

0.175

0.18

0.159

0.081

0.006

0.019

0.016

0.394

0.382

0.35

0.363

0.327

0.122

0.029

(Hour)

Against rotavirus

Absorbance

SA11

at 450nm

Against E.coli

Absorbance

NL055

at 450nm

Against ETEC

Absorbance

O78:h11

at 450nm
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Appendix C. Monitoring sheet for mice experiment
Monitoring sheet for the mice experiment
After each inoculation or
booster/sheep

Day 0

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

TIME
Answer (Yes or No)
Bodyweight
Active?
Rough hair coat?
Eating?
Drinking?
Normal gait/posture?
Diarrhoea
Vocalisation?
Type of breathing
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After each inoculation or
booster/sheep

Day 0

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

TIME
Answer (Yes or No)
Pain score (1-4)
Observers initials
PAIN ASSESSMENT SCORING
0 = normal behaviour and faeces
1 = mild behaviour and physiological changes (decreased food/water consumption) and pasty faeces
2 = moderate pain (includes observation in group 1, mild diarrhoea or semi liquid faeces, reluctance to move)
3 = severe pain/distress (includes all observation in groups 1 and 2, profound diarrhoea or liquid faeces)
4 = moribund
Please contact a member of the veterinary staff for group 2 or higher animals.
* N= normal, L= laboured, R = rapid, S = Shallow
In case of score 2, 3 fluid administration will be considered? Sterile saline (0.9% NaCl) is recommended for most injections. Do not administer
fluids if kidney function is impaired without first consulting the veterinary staff. Only conscious animals may be given oral fluids. Fluids should be
warmed by running the syringe under warm water to avoid hypothermia or shock, especially in the smaller rodents. The preferred routes are (i/v 0.5ml
max total, s/c 0.3 per site, 1 ml per animal) , monitoring the site of injction for any reaction during the administration of fluid and after.
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