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ABSTRACT
Dairying and milk products have been identified by the Rwandan
government as a key agricultural commodity to improve the economic well
being of smallholder farmers and provide a beneficial source of nutrition that
can help alleviate the high rate of malnourishment and stunted growth in
children aged 5 and under. While dairy has this potential there remain
major hurdles for the diary sector to overcome, most smallholder farmers
lack proper training in animal husbandry skills that can improve milk safety,
quality and animal health. Often these farmers use antibiotics to treat
infections of the udder, Mastitis, without the supervision of veterinarians.
Antibiotics have meat and milk withdrawal times and if these are not
observed antibiotic residues can enter the food supply. Improper disposal of
antibiotics and products with antibiotic residues can greatly impact human
and environmental microbial communities. Impacts on infants and children
are of the highest concern as antibiotic residues in breast milk and bovine
milk can hamper the establishment of keystone bacteria in the microbiome,
which can have long lasting negative health repercussions. Here we aim to
establish a baseline for antibiotic residues in human breast milk and bovine
milk, dysbiosis in children and establish a regional community network
trained in One Health and Dairy Dynamic Management. The impacts of this
work will improve dairy food safety and quality, improve human health, and
establish eco-friendly agricultural practices.
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DAIRY DYNAMIC MANAGEMENT

ONE-HEALTH APPROACH

Smallholder farmers, One Health Workers and regional veterinarians
will be trained in Dairy Dynamic Management (DDM). DDM is a new One
Health management approach to dairy production designed to identify
problems before they occur and implement the changes needed to sustain
production of high quality milk for a profit. DDM builds a team of
specialists that understands food safety begins on the farm and diseases can
be passed between humans, animals, wildlife and the environment. The
pillars of DDM are:
• Team building
• Listening to on another
• Problem solving together
• Managing the DDM processes

One Health is a UC Davis initiative to solve complex problems impacting
health and conservation where animals, humans and the environment
intersect.10 We will train community-based health workers as “One Health
Workers” (OHW) in Kinigi, Rawanda. Once trained, OHW’s will collect data
in the community from both local residents and livestock. Data collected on
human subjects will include diarrheal incidence, pediatric anthropometrics
(height and weight), pregnancy outcomes (miscarriages, birth weight), and
breast milk quality. Data collected from lactating cows will include total
bacterial count, Somatic Cell count and antibiotic residue testing.
Additionally, OHW’s will routinely visit regional milk collection centers and
milk kiosks to screen bulk tanks for total bacterial count, Somatic Cell Count
and antibiotic residues.
OHW’s will visit smallholders whose cattle have tested positive for
mastitis and/or antibiotic residues and will train the smallholder in proper
animal husbandry. Breast milk and infant fecal samples will be collected
from smallholder families with infants. Breast milk will be screened for
antibiotic residues and fecal samples will be tested for pH, an indicator of
dysbiosis. Dysbiotic infants will receive therapy with bifidobacterium.

MICROBIOME
The microbiome is composed of all of the microbes that live in and on
our body. These microbes have an enormous impact on human health and
disease. Advances in sequencing in the last decade have allowed scientists to
define in greater detail the compositions of healthy and unhealthy
microbiomes. Dysbiosis is the change of microbiota associated with disease
states and can be caused by multiple factors.3 For this project we will focus
on dysbiosis in infants exposed to antibiotic residues.
Bifidobacterium spp. Are a keystone species of the microbiome and play
an important role in intestinal homeostatis and infantile health status. This
bacteria is highly susceptible to antibiotics. Exposure to antibiotic residues
from food can greatly impact the microbial diversity of the gut microbiome
and this alteration can last years.4 In infants this can cause long-term health
risks such as stunted growth, compromised immune response, and recurring
diarrheal disease. Dysbiosis often results in reduced levels of
Bifidobacterium and increases in Proteobacteria. 5,6 This deleterious change
is associated with a fecal pH of < 4, making putative dysbiosis detectable
with a simple pH test.

OUTCOMES
http://www.gutspace.com/babysfirst-bacterial-gulp/

MASTITIS
INTRODUCTION
While great strides have been made in the last decade to reduce
malnutrition and improve food security in Rwanda, WHO identifies Rwanda
as above the “High Severity Threshold” for chronic malnutrition. As such,
food insecurity remains a major public health concern, especially among
children, with 38% of children under the age of five being malnourished and
having a high incidence of stunted growth. Additionally, 49% of children
aged 18-24 months, 58% of children 6-18 months and 15% of children at 2
months of age showed stunting, indicating malnourishment and stunted
growth likely begins during gestation.1,2 Malnourishment and stunted
growth are predictors of poor health, lower cognitive development and
poorer immune responses as development continues. In order to combat
malnutrition and reduce stunting in children, the Rwanda government has
identified the diary subsector as a pathway to improve nutrition, food
security and household incomes in Rwanda.
Since diary can provide multiple positive outcomes on the lives of
Rwandan’s, it is paramount to ensure delivery of high quality milk free of
foodborne pathogens and antibiotic residues. Food safety and quality starts
on the farm and smallholder farmers in Rwanda currently lack adequate
education and training in proper animal husbandry to ensure safe dairy
products for consumers. More than 80% of the milk produced in Rwanda
stays in the informal market and is consumed by the smallholder family or
sold locally. Currently, antibiotics used for treatment of mastitis, an infection
of the mammary gland, are unregulated and easily accessible to
smallholders. Antibiotics are often administered without supervision of
veterinarians. This creates a risky situation for consumers as smallholder
farmers have the potential to introduce antibiotic residues into the food
supply by not following proper use and withdrawal procedures.

ANTIBIOTIC RESIDUES
Antibiotic residues ingested through food
sources such as diary have the ability to alter the
gut flora of consumers. Infants and children are
particularly vulnerable as keystone bacteria such as
Bifidobacterium are highly susceptible to even low
concentrations of antibiotics. Interference in the
delicate balance of gut flora can result in dysbiosis
and long-term adverse health outcomes. Dysbiosis
and loss of keystone bacteria in malnourished
children can result in chronic inflammation of the
gut, poor immune response to disease and vaccines,
increased risk of enteric disease, and decreased
cognitive function. Therefore, a One-Health
approach to improving dairy food safety and
quality in Rwanda is of the upmost importance.

Mastitis, an infection of the udder, is one of the
most important diseases to impact dairy producers
globally.4-6 Not only does mastitis impact the
volume of milk produced, but also the quality,
leading to milk that is contaminated with foodborne
pathogens known to cause diarrheal disease for the
human population consuming the milk.7,8 It is
estimated that half of all dairy cows in Rwanda
have mastitis.9 Antibiotic use for agriculture in
developing countries such as Rwanda is
unregulated and administration is often done
without oversight of Veterinarians. This use has the
potential to introduce antibiotic residues into the
food supply and the environment, which can have
lasting impacts on microbial communities.

Outcomes of this project are focused on establishing a sustainable
community network of One Health Workers, trained in both human and
animal health and impacts health status have on the environment and
wildlife. To establish this network we will:
• Educate 15 One Health Workers and 4 University of Rwanda faculty
members in One Health philosophies and practices.
• Train 6 District Veterinarians and 36 University of Rwanda students
the One Health Philosophy, as well as Dairy Food Safety.
• Train 6 Laboratory Technicians in milk quality diagnostics including
mastitis detection and antibiotic residue detection.
• Train 75 smallholder families in Dairy Dynamic Management.
• Train Rwandan physicians and Medical School Faculty about the
infant microbiome and how the effects of antibiotic residues in human
milk and bovine milk can negatively effect the establishment of
keystone bacteria.
• Evaluate dysbiosis in infants and children.
• Provide keystone bacteria as a sustained therapy to dysbiotic children.
Our hope is these training programs will establish an ingrained
philosophy and practice of One Health through education in Human Health,
Dairy Dynamic Management, Zoonotic Disease, Food Safety and Security.
This education will provide a platform for sustainable improvements in
human health, food safety and quality, which will directly impact the lives of
smallholder farmers and result in eco-friendly farming practices.
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