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Foodborne illness

Foodborne illnesses originate from ingesting contaminated food. Acute symptoms of foodborne
illnesses include mild and self-limiting watery diarrhea, vomiting, headache, nausea, abdominal
pain and severe symptoms like bloody diarrhea, paralysis and abortion (1). In long term,
foodborne illnesses can also include reactive arthritis, Guillain Barré Syndrome and hemolytic
uremic syndrome (HUS) (2, 3) and in some cases, cancer (4). Foodborne illnesses are caused
by bacteria, parasites, viruses, toxins, metals, and prions (5). This study focused on bacterial
agents and Figure 1.1. shows examples of the pathways through which these agents can cause
foodborne illnesses.

Historically, foodborne illnesses can be traced back to ancient time (6). In their study, doctors
at Maryland University (US) in 1998 postulated that “Alexander the Great” may have died of
typhoid fever at Babylon around 323 B.C., though by that time it was considered as poisoning
due to rivalry (6, 7). Other notable figures in history that are reported to have succumbed to
foodborne illnesses include King Henry I of England year 1135 and US President Zachary
Taylor, year 1850 (6). While people continued to suffer from these foodborne illnesses,
knowledge about particular pathogens was still limited until the late 19" century (8). Indeed
most major foodborne pathogens were only discovered during the last two centuries i.e..
Trichinella spiralis in 1835, Salmonella in 1885, Staphylococcus aureus 1914, Clostridium
perfringens 1945, Campylobacter jejuni, Yersinia enterocolitica, Escherichia coli O157:H7
and Vibrio cholerae in period between 1975 to 1985 (8).

From historical to present times, foodborne pathogens continue to cause substantial morbidity
and mortality in the world, and do hamper social-economic development (9). Factors
highlighted to contribute to this burden of illness include: the lack of implementation of known
preventive and control measures, the emerging and re-emerging of foodborne pathogens such
as the emergence of microbial antibiotic resistant strains, the increasing potential of spread due
to fast tracked globalization, and the surging number of susceptible population (3, 10-14).

While a lot of progress has been made in studying food borne pathogens, known pathogens
continue to re-emerge by occupying different niches and or acquire virulence genes while in
some cases completely new pathogens emerge (11). On new emerging pathogens, a good
example is pathogenic E. coli. In the early 1980s focus was on E. coli O157: H7 (15) but other
serotypes have now also caused severe outbreaks like the E. coli O104: H4 in Germany in 2011
(16). Furthermore, the continued use of antibiotic agents such as amoxicillin and tetracycline
in human medicine to treat infectious diseases (12, 15) and antibiotics massively used to treat
farm animals, has led to the emergence and spread of antimicrobial resistant strains. Although
most foodborne illnesses are self-limiting, the use of antibiotics against antibiotic resistant
strains has in some cases led to ineffective treatment, and prolonged duration of illness
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Figure 1.1: Example of pathways to foodborne diseases [ source: CDC, 2012 (17)].

and deaths. Researchers from different countries have continued to isolate antibiotic resistant
strains and genes in food, water and environment. For example, in the US, Salmonella Newport
isolates from surface waters were reported to be multidrug resistant (18). In China, L.
monocytogenes (19), Salmonella spp. (20), enterotoxigenic E. coli (ETEC) (21) were isolated
from ready to eat foods and were also to found to be antibiotic resistant to a number of antibiotic
agents. In Africa, antibiotic resistant strains of pathogenic E. coli (22, 23), Salmonella spp. (24),
Enterococcus spp. (25) have also been isolated.

Globalization has led to increased chances of spread of human pathogens (11). Food supply
chains have been internationalized ie. a “Rwandan”, “Dutch” or ‘French” salad can be prepared
from vegetables imported from another country with different levels of implementation of food
safety standards. In some cases, outbreaks have spread from one country to another (26-28) or



10|Chapter 1

in many USA states (29-31) due to imported foods and movement of people. It is anticipated
that globalization will even be more intensified in future and addressing the associated
foodborne illness will require a global approach.

Food illnesses especially from opportunist pathogens like L. monocytogenes may in future
become very important due to increased size of the population at risk. The recent successes in
medicine have led to a rise in the population of immuno-compromised individuals. HIV/AIDS
and cancer patients now live longer than before and these individuals are very susceptible to
foodborne pathogens. Another predisposing factor is the increasing use of antacid drugs (13)
that have been reported to have a protective role to some foodborne pathogens against gastric
acids and enhance susceptibility to infection (13, 14).

Consumption of meals away from homes is on the rise and food handlers in food service
establishments have continued to be implicated in foodborne outbreaks (32-36) and associated
with food borne pathogens (36-38). Although people can also get ill due to contaminated food
prepared in households, the contamination of food at food service is more likely to affect a
larger number of consumers and to be recognized as a food related outbreak. Moreover it has
been argued that in most food service establishments, food handlers are low income earners
who may work even when they are ill (12) thereby increasing the chances of food
contamination.

Disease surveillance systems

Public health authorities in various countries have developed disease surveillance systems to
get a view of the magnitude of the health burden, and eventually to prioritize control measures
and interventions. The level of development of these surveillance systems is greatly influenced
by availability of economic resources. Surveillance systems are systematically and
continuously operated to collect, consolidate and analyze disease epidemiological data so as to
generate information for public health action (1, 39). Figure 1.2 summarizes components of an
effective surveillance system. The major role of a disease surveillance system is to monitor
trends of the target disease or illness over time to identify high-risk groups, locations, seasons,
outbreaks, route(s) of transmission and risk factors (40).

The Food and Agriculture Organization (FAO) and the World Health Organization (WHO) of
the United Nations are at the fore front of coordinating international efforts to detect, control
and prevent foodborne illnesses. Globally the WHO takes a pivotal role in coordinating a
“network of networks” which links together existing formal and informal local, regional,
national and international networks of laboratories and medical centres (41). In Rwanda, disease
surveillance and response duties are mandated to Rwanda biomedical center (RBC) which in
turn coordinates with WHO through the Ministry of Health (42). Other examples of these
networks are the European centre for disease prevention and control (ECDC) (43), the US
Centres for Disease Prevention and Control (CDC, Fig. 1.3) (44), the newly launched Africa
Centres for Disease Prevention and Control (Africa CDC) (45). Figure 1.3 shows an example
of data sources and data flow through a national notifiable disease surveillance system to WHO
(46).
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Data collection in a disease surveillance system can be classified as active, sentinel or passive
surveillance (48). In active surveillance, designated active surveillance staff regularly visit
health facilities in person to search for suspected cases, talking to health-care providers and
reviewing medical records to identify suspected cases of disease under surveillance. When a
case is found, the active surveillance staff then investigate, document clinical and
epidemiological data, arrange to send appropriate laboratory specimens and report the
information rapidly, in accordance with the national policy. Passive surveillance relies on the
cooperation of health-care providers, laboratories, hospitals, health facilities and private
practitioners to report the occurrence of a vaccine-preventable disease to a higher administrative
level where data once received, are compiled and analyzed to monitor disease patterns and
possible outbreaks. Sentinel surveillance involves the deliberate collection of high-quality data
from a limited network of carefully selected reporting sites with a high probability of seeing
cases of the disease in question, employing good laboratory facilities and experienced well-
qualified staff.

In the African region, the WHO has classified surveillance systems into four categories: i) no
formal surveillance, ii) syndromic, iii) laboratory based and iv) integrated food chain disease
surveillance systems (1). No formal surveillance as a system is typical of countries where there
is political instability, recent history of war or extreme poverty to an extent that a public health
system is generally not a priority or inexistent. Certain aspects of disease surveillance are often
undertaken by external agencies such as nongovernment organizations (NGOs). Syndromic
surveillance makes use of data from work and school absenteeism, emergency calls, hospitals,
over-the-counter drug sale records, internet searches, and other data sources to detect unusual
disease patterns. Laboratory based surveillance systems is made up of various country wide
clinical laboratories that test, report or collect specimens (stool or blood) to identify disease
causing agents in a location, season or risk population. The generated data or collected
specimens are sent to the national reference laboratory. Lastly, in the integrated food chain
disease surveillance system, epidemiologic data from animals, food and humans is collected,
analyzed and interpreted to inform public health action. In this system, it is possible to attribute
the burden of foodborne illnesses to a particular etiological agent and food source. Recently in
Rwanda a surveillance system for infectious diseases has been established and Chapter 2 of this
thesis explores to what extent the burden of food related illnesses can be estimated.

Methods for estimating burden of foodborne illnesses

Data generated from foodborne surveillance systems have to be computed and reorganized in a
way usable by public health policy makers to compare the health of different populations,
inform on priorities for health service delivery and planning, and to analyze the cost-
effectiveness of health interventions, among others (49, 50). To obtain estimates of the burden
of foodborne illnesses from surveillance data, summary measures of population health (SMPH)
have been employed (5, 9, 51-54). SMPH are classified into two broad families: health
expectancies and health gaps (49, 55). Examples of health expectancies SMPH include the HLE
(healthy life expectancy), DFLE (disability-free life expectancy), QALE (quality adjusted life
expectancy) (49, 55) while health gaps summary measures include the QALY (quality adjusted
life years) and the DALY (disability adjusted life years) (56). Among these SMPH, the DALY
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metric has gained wide recognition internationally (57) and is for instance used in the global
and national studies of the burden of disease (5, 9, 51-54). DALY are healthy life years lost,
calculated by adding the adjusted number of years lived with disability (YLDs) and the number
of years of life lost due to premature mortality (YLLs) (58) where:

YLD =Number of cases X duration till remission or death X disability weight
YLL= Number of deaths X life expectancy at the age of death
DALY = YLD +YLL

Global estimates from the Foodborne Disease Burden Epidemiology Reference Group (FERG)
of the WHO in 2010 indicate that 33 million DALYs were due to the studied 31 foodborne
hazards (9). Diarrheal disease agents caused nearly 70% of this burden and 31% of the DALY
were from sub-Saharan Africa. According to Havelaar et al. (9), the global burden of foodborne
diseases is comparable to major infectious diseases of “the big three”; HIV/AIDS, malaria and
tuberculosis. Major etiological agents with individual DALY losses of 1 to 10 million DALY's
in the 2010 FERG study were non-typhoidal Salmonella enterica, Salmonella Typhi,
enteropathogenic E. coli, Taenia solium, Norovirus, Campylobacter spp., enterotoxigenic E.
coli, Vibrio cholerae, Hepatitis A Virus and Shigella spp.

Vegetables and foodborne illnesses

Risk managers require information on the relationship between food and foodborne pathogens
from farm to consumption in order to develop evidence based food safety policies. In
developing these policies, risk managers should be able to attribute cases of foodborne illnesses
to the food vehicle(s) or other sources responsible for illness (59) and this activity is referred to
as food attribution when food items are involved. Depending on the availability of resources
and data, different food attribution approaches can be employed, i.e. analysis of outbreak data,
case-control studies, microbial subtyping and source tracking methods, expert elicitation, risk
assessments (59). Due to the resource demanding nature of food attribution, most studies so far
have only been conducted in high income countries viz. Netherlands (60), United states (61-
63), UK (64), New Zealand (65), Scandinavian countries (66-68). Before conducting a food
attribution exercise, it is important that food items are put in categories agreeable to the
stakeholders (risk managers, researchers and consumers) (59). In line with the topic of this
study, discussions on food attribution focused on the illness due to consumption of vegetables.

In the United States, Painter et al. (63) conducted a food attribution study from foodborne
outbreak data from 1998 to 2008 for 17 food commodities (Fig.1.4) and reported that leafy
vegetables, dairy products and poultry products caused the highest number of foodborne
illnesses, hospitalizations and deaths respectively. In the Netherlands, vegetables were ranked
4™ among 11 food items by expert elicitation in 2008 for transmission of 17 common foodborne
pathogens (69) while globally, vegetables were estimated to be responsible for 60 to 80 % of
illness from foodborne parasites in 2015 (70). From these food attribution studies, it is evident
that vegetables are reported among the major food items associated with foodborne illnesses
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and indeed studies on reported foodborne outbreaks and on the prevalence of foodborne
pathogens associated with vegetables, support this ranking.

From studies on foodborne outbreaks, viz. in the United States (63) and the European Union
(71), the number of reported foodborne illnesses linked to fresh vegetables has been increasing.
In Table 1.1, examples of selected outbreaks linked to fresh vegetables for the last decade are
presented. Most notably is the German incident in 2011 in which a total of 4075 reported cases,
including 54 deaths were registered due to enterohemorrhagic E. coli O104:H4 with sprouts
being implicated as the food vehicle (72). Occurrence and pathogenic significance of these
pathogens in vegetable/produce-associated outbreaks seem to vary with time and location.
Sivapalasingam et al. (73) reported that in 2004 in the US, 60% of the produce-associated
outbreaks were caused by bacterial pathogens, of which 48% were caused by Salmonella spp.
Callejon et al. in 2015 (71), highlighted that norovirus was the main pathogen responsible for
59% and 53% of these outbreaks in the United States and the European Union respectively,
followed by Salmonella (18% in the United States and 20% in European Union). It should be
noted that most of the outbreaks reported in Table 1.1. are from developed countries. Likely
reasons for this overrepresentation are the developed systems and availability of resources to
detect and investigate outbreaks up to the level of identifying the food source.

There is an increasing number of studies in which foodborne pathogens have been isolated from
fresh vegetables (74-76). In Table. 1.2, the prevalence of foodborne pathogens in fresh
vegetables from selected studies around the globe is summarised. Generally, the range of
pathogenic microorganisms associated with fresh produce can be classified into three
categories: bacteria such as Salmonella spp., pathogenic E. coli, L. monocytogenes), viruses
like Hepatitis A, norovirus, and parasites viz. Entamoeba histolytica, Cryptosporidium parvum,
Cyclospora cayatenensis.
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Consumption trends for fresh vegetables

A diet rich in vegetables has been associated with health benefits like reduced risk to cancers
and cardiovascular diseases (113). Consumption of vegetables is increasing year by year (114-
116) and reports indicate that a large portion of these vegetables are consumed raw (117).
Internationally, the WHO has recommended consumption of 400g of fruits and vegetables/ day
(118) while nationally in Rwanda, the Ministerial Order (No. 002/2008) of the Rwandan
Ministry of Agriculture and Animal Resources stipulates that every family in Rwanda must
have a backyard garden of vegetables, termed as “akarima k’igikoni”. Remarkable growth in
trade of fresh vegetables in globalized market settings has been registered (119) and in most
countries, agricultural practices to increase the production levels of vegetables have been
adopted (120, 121).

Pathways for microbial contamination of fresh vegetables along the supply
chain

The prevalence of foodborne pathogens in fresh vegetables varies from one locality to another
depending on the conditions and handling practices along the supply chain. Figure 1.5.
illustrates the mechanisms and conditions by which fresh vegetables and other foods can
become contaminated with pathogenic microorganisms and serve as vehicles of human disease.
Food handlers, regulators public health officials and other stake holders have a challenging task
to prevent and control microbial contamination of agricultural commodities like fruits and
vegetables that are eaten raw (122). This is because pathogens such as L. monocytogenes are
naturally present in soil, and their presence on fresh vegetables is not rare (123). Other
pathogens like Salmonella spp., C. jejuni, parasites like E. histolytica, and viruses (norovirus)
can contaminate fresh vegetables through vehicles such as raw or improperly composted
manure, irrigation water containing untreated sewage, or contaminated wash water (123, 124).
Other probable sources of contamination include contact with domestic and wild animals.
Unpasteurized products of animal origin offers another avenue through which pathogens can
access vegetables due to cross contamination during food preparation (123). Surfaces, including
human hands, which come in contact with whole or cut vegetables, may also become potential
points of contamination throughout the “farm to fork” continuum (123).

Generally, to effectively control contamination of vegetables at farm level and along the entire
supply chain, it is important to understand the complex interactions between human pathogens
and plant structures. Figure 1.6 shows how bacteria can attach and hide in vegetable leaf
structures. Studies have highlighted that pathogens can not only attach on the outer surface of
plants but can also intrude the inside of fresh vegetables (125-127). Pathogens on the surface
of the fresh vegetables can be reduced or eliminated if washed with safe water but on the other
hand, transfer of these pathogens in the whole batch can also be aided (128, 129). Occurrence
of pathogens in the internal parts of vegetables may also render the washing process ineffective
(127). Overall, the adhesion of pathogens to surfaces and the internalization of pathogens limits
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the effect of conventional washing and chemical sanitizing methods in preventing transmission
from contaminated fresh vegetables (130).
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Figure 1.5: Mechanisms by which fresh vegetables and other foods can become contaminated with
pathogenic microorganisms and serve as vehicles of human disease. [modified from Beuchat 1996 (131)].

Figure 1.6: Scanning electron micrograph showing binding of pathogenic E. coli to exterior and interior of
vegetable leaf structure (stomatae).[ source: Berger et al. 2010 (132)].

Overall, it should be noted that if human pathogens are introduced to fresh vegetables along the
supply chain, they have the potential to survive and they are also difficult to eliminate prior to
consumption. The presence of foodborne pathogens in fresh vegetables is of great public health
concern if these vegetables are to be consumed raw. Fortunately, the microbial safety of fresh
vegetables is today not a “terra incognita”, a lot is now known thanks to the indicative studies
that have been conducted in different countries like those in the EU (Veg-I-Trade project) (133-
135), the USA (123, 136-139), Canada (27, 76, 89, 97, 140), and the Netherlands (74, 141-143),
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to mention a few. Indicatives studies in these countries have been conducted to: (i) identify
microbial populations in different farming systems in order to detect emerging and re-emerging
pathogens; (ii) better understand the interactions between host, pathogen and environment that
contribute to inter-species jumps and adaptation in a new host; (iii) generate more precise
information on the infection and transmission behaviour of pathogens under different farming
systems and human populations to estimate the burden of disease; (iv) understand the
conditions, motives and priorities of farmers and other stakeholders so as to develop
interventions that can lead to community based disease control (144). In Rwanda so far, no
microbial safety indicative study has been conducted along the vegetable supply chain.

Study objective and outline

In this study we aim to conduct an indicative study by estimating the burden of foodborne
infectious diseases, investigating the current microbial safety status and performing a
quantitative microbial risk assessment for fresh vegetables in Rwanda, identifying critical
activities and opportunities for improvement, identifying specific food safety roles of the
different multidisciplinary stakeholders in the context of the supply chain in Rwanda. Figure
1.7. shows the conceptual approach of this study.

Vegetable
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Markets egetable
~— -

Water
Treatment
( by EWSA)

otels;Restaurant
Raw vegetables

Hotel Chefs
water for Kitchen
washing Enviroment
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‘ Patients with food borne ilineses ‘
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NGOs Medical Practitioners Sources Hospitals

Figure 1.7: Schematic representation of the conceptual approach used in this study.
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This thesis is made up of six chapters. In this chapter (Chapter 1), the background and rationale
for the study are presented. Chapter 2 provides the estimates of the burden of food related
illnesses in DALY's and also discusses a methodology that can be adopted in resource scarce
settings. In chapter 3, the levels of indicator microorganisms in fresh vegetable along the
supply chain are studied from farms, markets to food service establishments (hotels, restaurants
and bars) to obtain an insight into the effect of the current handling practices on the microbial
levels and identify areas of priority for interventions. In chapter 4, the prevalence of foodborne
pathogens in farms vegetables and agricultural water is presented in conjunction with their risk
exposure factors. Chapter 5 discusses the reduction of microbial counts during kitchen scale
washing and sanitization of salad vegetables from the food service establishments in Rwanda
and laboratory trials to screen the applied vegetable chemical sanitizers and also identify the
most effective washing technique(s). Finally in Chapter 6, we present results of a “farm to
fork” microbial risk assessment based on the WHO/FAO CODEX alimentarius approach,
discuss the study findings in general, make conclusions and recommendations, and present
future perspectives. Overall, the findings and discussions in this thesis provide more insight for
risk managers in countries especially those at an infant stage of operating an integrated food
chain system, a system that is recommended by the WHO (1) and FAO (144) as indispensable
in order to detect, control and prevent foodborne illness.
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Abstract

Food related illnesses contribute significantly to the global burden of disease and the estimates
of these illnesses are important to develop evidence based food safety policies. However
estimating the burden of these illnesses is complex. There is paucity of input data, and
developing and sustaining disease surveillance systems that provide the input data is resource-
intensive. In most developing countries with relative peace, the initial, faster and cheaper kind
of health data is generated through syndromic surveillance. In this study, we estimated the
burden of food related clinical features and illnesses (watery diarrhea, bloody diarrhea,
suspected cases of cholera and typhoid fever) by making use of various syndromic surveillance
data sources in Rwanda. Data sources were the reported cases as by the notifiable surveillance
system, an opinion survey with health care providers about the prevalence of clinical features
related to foodborne pathogens and over the counter prescription of drugs associated with
foodborne illnesses. Study findings indicate that for the year 2013, watery diarrhea occurred all
year round as by the surveillance system data, resulting to an estimated 672 (95% credible
interval [Crl] 424 — 932) DALY per million inhabitants, bloody diarrhea was seasonal
coinciding with the rainy months and caused an estimated 213 (95% Crl 50 — 475) DALY per
million, typhoid and cholera cases were sporadic with an estimated 73 (95% Crl 57 — 91) and
1 (95% Crl 0 — 2) DALY per million respectively. Our DALY estimates from the different
data sources were in the same range for combined cases of watery diarrhea, bloody diarrhea
and cholera, but significantly different for typhoid fever. The methodology applied in this study
can be adopted in resource-scarce settings where most data is from syndromic surveillance (a
common phenomenon in most developing countries) other than the desired integrated food
chain and laboratory-based surveillance systems, to pave way for future improved estimates of
the burden of foodborne illnesses.
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Introduction

Worldwide, foodborne illnesses are a threat to public health and social-economic development.
Causes of food borne illnesses include bacteria, parasites, viruses, toxins, metals, and prions (1,
2) but the risk due to microbiological agents is higher due to their ability to emerge, re-emerge
and adapt to various niches (3). Foodborne illnesses are usually characterised by acute
conditions like gastroenteritis and in some cases by long term sequelae such as hemolytic
uremic syndrome (due to shiga toxin-producing Escherichia coli ), Guillain-Barré syndrome
(Campylobacter spp.), or central nervous system (CNS) abnormalities (Listeria
monocytogenes) (2). Other associated long-term sequelae also include chronic arthritis
(Campylobacter spp., Shigella spp. and Salmonella spp. can be involved); mental retardation,
seizures, paralysis, blindness, or deafness (L. monocytogenes); the incurable irritable bowel
syndrome (IBS) (bacterial pathogens) and mental retardation and crossed eyes in newborns
(Toxoplasma gondii) (4). Recently colon cancer has been associated with severe Salmonella
spp. infections (5). In addition, foodborne illness may also exacerbate other underlying medical
conditions (6).

While infectious diseases like malaria, HIV/AIDS and tuberculosis (“the big three”) continue
to dominate the agenda of health programmes in most African countries (7), it has been
estimated that foodborne illnesses comparably and significantly contribute to the overall burden
of disease (2). Estimates from the World Health Organisation (WHO) in 2010 indicate that 31%
of the 33 million Disability Adjusted Life Years (DALYs) lost globally due to 31 foodborne
hazards was from sub-Saharan Africa with diarrheal disease agents causing nearly 70% of this
burden (2). Studies on costs of foodborne illnesses from the USA (8-10) reported economic
losses estimated at 0.1 to 0.2 % the national gross domestic product(GDP) in 2015 due to
productivity and medical care costs (11). Estimated costs due to diarrhea in Rwanda in the year
2000 were in the range of 2.5 to 5% of the GDP (12).

To implement effective control measures, risk managers need information on the magnitude of
the burden of foodborne illnesses in order to prioritise, develop and implement risk based food
safety policies (13). However, assessing the burden of foodborne illness is complex. First,
disease surveillance systems that provide the data used in these assessments are resource-
intensive and to date all countries are still developing their systems (14). Second, a number of
acute foodborne illnesses are self-limiting, implying that some patients do not seek medical
care and as a consequence, the real burden is underreported (15-17). Third, many pathogens
that are usually associated with food can also be transmitted from the environment or from
direct contact with animals or infected persons (18, 19). Cognizant of this complexity, the WHO
through the Foodborne Disease Burden Epidemiology Reference Group (FERG) has
encouraged national and international studies to assess the burden of foodborne illness. The
FERG and volunteer researchers have since adopted the DALY (disability adjusted life year)
concept to summarise and rank diseases.

Foot note: Abbreviations

OTC= Over the counter drug sales, HCPs=Health care providers, RBC=Rwanda biomedical centre, RSSB=Rwanda social
security board, NISR=National institute of statistics Rwanda, ORS=Oral rehydration salts, MoH=Ministry of Health,
DW=Disability weight
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The DALY is a measure that combines the Years of Life Lost due to premature death (YLL)
and the Years Lost due to Disability (YLD) from a disease or condition, for varying degrees of
severity, making time itself the common metric for death and disability (20). Studies on food
borne illnesses at a global level (2, 21), provide world estimates but with many assumptions
due to paucity of data. At country level, most studies come from the developed countries with
elaborate disease surveillance systems i.e.. England (22), USA (23), Netherlands (19), Greece
(18) and Canada (1). More studies on the burden foodborne illnesses from developing countries
are required, however, availability of disease surveillance data to use in these studies is still
among the major challenges. Syndromic surveillance data that are collected by using standard
case definitions of clinical features like watery diarrhea and suspected cases of illnesses
(typhoid fever) without laboratory diagnosis or from surrogate data sources (viz. over-the-
counter prescription sales, opinion of health care providers) can provide a cheaper and fast data
option (24, 25).

In this study, we provided insight into- and estimated DALYs for foodborne illnesses in
Rwanda using syndromic surveillance data of 2013 as a reference year, presented a
methodology and also identified data gaps to contribute to future improved estimates in Rwanda
and other developing countries. Because of the kind of data used this study i.e.. non-laboratory
confirmed cases and surrogate health data, the term “foodborne illnesses” should be used with
caution and hereafter replaced with “food related illnesses” (further definitions in the glossary,
Appendix A).

Methods

Study Approach

Figure 2.1 shows the approach used to investigate the burden of food related illnesses in
Rwanda. Our study was based on the syndromic surveillance data aspects explained by the
WHO manual for integrated foodborne disease surveillance in the WHO Africa Region (24).
Data from the opinion survey with health care providers (HCPs), the national notifiable
surveillance system, and over the counter (OTC) drug prescriptions were used to show trends
and estimates of YLL, YLD and DALY for food related- clinical features and illnesses.
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Figure 2.1: Study approach and data sources (inputs) used in this study. YLD, years lived with disability for
prevalent cases of illness; YLL, years of life lost due to premature death caused by illness in the population;
DALY= (YLD +YLL), disability-adjusted life years.

Clinical features (watery diarrhea and bloody diarrhea), and illnesses (cholera and typhoid
fever) related to foodborne pathogens were investigated. For cholera and typhoid fever
illnesses, this study was based on suspected cases. Standard case definitions of watery diarrhea,
bloody diarrhea and suspected cases of cholera and typhoid fever as used in this study are
presented in the glossary ( see Technical Appendix A ). We acknowledge that diarrheal diseases
are caused by infectious and non-infections agents but because in most developing countries,
these diseases are mainly caused by infectious agents (26), we assume in this study that
diarrheal cases were all infectious in nature.

Ethical clearance

This study was approved by both the Rwanda National Health Research Committee (ref:
NHRC/2014/PROT/0148) and the Rwanda National Ethics Committee (No. 130/RNEC/2014).

Data collection
Opinion survey with Health care providers

Over a period of three months (January to March, 2014), a face to face questionnaire (see online
Technical Appendix A, section 6) was administered to 128 HCPs at their respective health
facilities (private and public hospitals, clinics and health centres) in the City of Kigali and the
other four provinces of Rwanda to investigate about the perceived prevalence of selected
clinical features (watery diarrhea and bloody diarrhea) and illness (typhoid fever), commonly
related to foodborne pathogens (27). The perceived prevalences were in form of percentage
rank categories ie. 0% (not seen any case in year 2013), between—: 0-1%, 1-20%, 20-40%, 40-
60%, 60-80% and 80-100%. We explained the importance of the study to the HCPs and
thereafter asked the HCPs to allocate percentage prevalence ranks to the clinical features and
typhoid fever illness based on the consultation with patients in the year 2013. HCPs that
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participated in the study were general practising doctors and grade 1 nurses (most likely to
handle patients with clinical features in the questionnaire). Percentage (%) rankings for any
clinical feature or illness with less than 10 respondents (HCPs) were considered as outliers and
excluded in the incidence calculations for the DALY estimates (Tab. 2A 4, Technical appendix
A) because these rank results led to unrealistically large uncertainty.

National notifiable surveillance system data

The epidemic surveillance and response division of Rwanda Biomedical Centre (RBC) receives
and compiles weekly suspected cases of illnesses like cholera, typhoid fever and cases of
clinical features; watery and bloody diarrhea from health facilities all over Rwanda based on
case definitions as presented in the glossary (Technical Appendix A). In March 2014, with
permission from RBC, we retrieved data of reported cases of watery diarrhea, bloody diarrhea,
cholera and typhoid fever for the year 2013. In the Rwandan health system, further actions after
this syndromic surveillance can involve confirmation of these cases in the National Reference
Laboratory but this study focussed on the reported cases of clinical features and suspected cases
of the illnesses under investigation.

Over the Counter drugs (OTC) sales

In two months period (April to May) of year 2014, we collected data on drug prescription from
37 major pharmacies in Rwanda. Rwanda Social Security Board (RSSB), pharmacy division
was identified as a one stop centre for drug sales records coupled with prescriptions by medical
practitioners. In 2010, the RSSB insurance scheme was estimated to cover 3.7 % (28) of the
population in Rwanda of about 10.5 million people (29). Drug sales records as prescribed by
the medical practitioners were used to minimise the unrealistic drug sale trends that result from
the practice of patients who repetitively buy drugs from individual pharmacies without seeking
medical care. With permission from the RSSB management, we accessed the RSSB archive of
drug insurance claim forms for RSSB affiliates and their dependants. Data collected covered
prescription per pharmacy and age of patient for antibiotics, anthelmintics, antiprotozoal and
oral rehydration salts (ORS) for the year 2013.

Estimation of YLD, YLL and DALY for food related illnesses

In summary, we applied a step wise approach in computing YLD, YLL and DALY as was
explained by Devleesschauwer et al. (30). DALY estimates were computed from the following
expression (31):

DALY=YLD + YLL
Where

YLD (nx DW X L) are computed by multiplying the number of incident cases (n) of a given
illness in a population with the disability weight (DW) and the average duration of the case
until remission or death (L in years).

YLL (nq X LE) are computed by multiplying the number of deaths (ng) at a given age with the
year lost due premature death as compared to the standard life expectancy at that age (LE in
years).
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We computed YLD, YLL and DALY for water diarrhea, bloody diarrhea, cholera and typhoid
fever. Data sources were the epidemic surveillance and response division of Rwanda
Biomedical Centre (RBC), an opinion survey with health care providers (HCPs), prescription
records for oral rehydration salts (ORS), Rwanda Ministry of Health reports (MoH), Rwanda
National Institute of statistics reports (28, 29), the WHO and data in other published literature
(Fig. 2.1). Details of the methodology used, are provided in Technical Appendix A of this
chapter.

Data analyses

A bean plot from “R” statistical software (version 3.3.2) was used to visualise data from the
HCPs survey (32). DALY estimates were computed in “R” software environment for statistical
computing and graphics using a DALY - calculator (30) set at 20,000 iterations. Data from
epidemiology (RBC), survey with HCPs, ORS sales records, health reports and literature were
reorganised to suit the inputs parameters of the DALY calculator. Mortality rates and the
associated uncertainty were computed using @risk 7.5 software ( Palisade corporation, USA )
at 20,000 iterations (see Technical Appendix A, section 4.8, this Chapter). In IBM SPSS
Statistics 22, one way ANOVA followed by Tukey’s post hoc tests, was used to determine
statistical significance between the number prescriptions/1000 persons/year of drugs among the
age groups and drug categories. Statistical significance was set at 0.05.

Results
Opinion survey with HCPs

Figure 2.2, shows the % prevalence of watery diarrhea, bloody diarrhea, and typhoid fever as
perceived by HCPs in the year 2013. Results show perceived prevalence of watery diarrhea
with mean perceived prevalence around 40% and estimates of HCPs divided among all the
prevalence categories except for the 0% category (not seen any case). For bloody diarrhea and
typhoid fever the mean perceived prevalence was around 10% and estimates of most HCPs
concentrated around the 0-1 % category.
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Figure 2.2: Prevalence (%) of clinical features related to foodborne pathogens as from an opinion survey with
health care providers (HCPs, n=128) in health facilities across Rwanda for the year 2013. The number of “bean
pods” show the difference in opinion of HCPs on the % prevalence of each clinical feature, while the size and
shape of the “bean pods” shows the number of HCPs who chose a particular % prevalence category. White bands
in each “bean pods” show the median. Black line crossing “bean pods” is the overall mean % prevalence for each
clinical feature. The dotted line horizontal line, is the overall mean % prevalence of all the clinical features.
Prevalence = estimated number of patients with clinical feature out of the total patients received in 2013 per HCP.

Reported cases of food related illnesses, year 2013

Figure 2.3 shows the cases for watery diarrhea, bloody diarrhea, cholera and typhoid fever
reported in the year 2013 to the national notifiable surveillance system of the epidemic
surveillance and response division of RBC from country wide health facilities.
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Figure 2.3: Cases of watery diarrhea, bloody diarrhea, cholera and typhoid fever reported weekly by
country wide health facilities to the Epidemic Surveillance and Response Division of Rwanda Biomedical
Centre (RBC) in the year 2013.
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The reported cases of these illnesses were reported out of the whole population which was
estimated to be around 10.5 million inhabitants (29). The annual reported cases for watery
diarrhea were 180,121 cases with a weekly reported average of 3464 cases. For bloody diarrhea,
annual reported cases were 3395, with a weekly reported average of 65 cases. Cholera and
typhoid fever occurred sporadically with an average of 1 case and 2 cases per week respectively,
with peaks at the second half of the year.

Trends of drugs prescribed for food related illnesses

Figure 2.4 shows that antibiotics had the highest monthly prescriptions/pharmacy that peaked
in the second half of the year compared to anthelmintic and antiprotozoal drugs that remained
relatively stable throughout the year. In Figure 2.5, the number prescriptions/1000persons/year
were also significantly higher ( p < 0.05) for antibiotics compared to antiprotozoal and
anthelmintics across all age groups. Although not statistically significant (p>0.05), the age
groups of 30 to 39 years registered the highest number of prescriptions/1000persons/year, when
all the three drug categories (antibiotics, antiprotozoal and anthelmintics) were combined.
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Figure 2.4: Monthly prescription of antibiotics, anthelmintic and antiprotozoal as by insurance claim forms
received at Rwanda Social Security Board (RSSB) for the year 2013 from 37 major pharmacies country wide. The
RSSB insurance scheme was estimated to cover 3.7 % of the population in Rwanda, year 2010 (28).
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Figure 2.5: Number prescriptions for antibiotics, anthelmintic and antiprotozoal per age group of patients as by
insurance claim forms received at Rwanda Social Security Board (RSSB) for the year 2013.

Estimates for YLD, YLL and DALY of food related illnesses

Table 2.1 shows the details of our estimates for YLD, YLL, DALY and deaths due to watery
diarrhea, bloody diarrhea and cholera from RBC, HCPs and ORS prescription data and typhoid
fever from RBC, HCPs data. DALY estimates per million inhabitants from RBC data on
average were highest for watery diarrhea (672) followed by bloody diarrhea (213), typhoid
fever (73) and cholera (1) with the YLL component contributing to over 90% except for cholera.
Table 2.1 also shows that with HCPs data, the YLD component is more pronounced in the
DALY estimates compared to RBC (surveillance) data. Cases from ORS prescription data
resulted to DALY estimates in the same range (approximately 1.2: 1) with the DALY estimates
from combined cases of watery diarrhea, bloody diarrhea and cholera from RBC data (Tab.
2.1). Figure 2.6 provides a graphical comparison of the DALY estimates, from RBC, HCPs data
for watery diarrhea, bloody diarrhea, typhoid fever. DALY estimates from HCPs survey were
in the same range with the DALY from RBC data, while for typhoid fever, HCPs survey DALY
estimates were 15 times higher than the DALY from RBC data.
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Figure 2.6: Estimates of DALY for clinical features (watery diarrhea and bloody diarrhea) and illnesses (typhoid
fever and cholera) related to foodborne pathogens, generated by computing data from both the Epidemic
Surveillance and Response Division of Rwanda Biomedical Centre (RBC) and the Opinion survey with health care
providers (HCPs) in the year 2013. Estimates are presented on a logarithmic scale on the y-axis. Whiskers represent

95% credible intervals.

Discussion

Study findings

In this study we have presented the reported cases and the opinion of HCPs on the prevalence
of selected food related illnesses and estimated YLD, YLL and DALY for watery diarrhea,
bloody diarrhea and cholera, ORS prescription cases and typhoid fever for the year 2013. In
addition, trends in drug prescription for antibiotics, antiprotozoal and anthelmintics in 2013
have also been presented.

Watery diarrhea had the highest number of cases and occurred all year round. Bloody diarrhea
was seasonal coinciding with the rainy season in Rwanda, while cholera and typhoid fever
occurred were sporadic. The results of the reported cases seem to be in agreement with the
estimates of % prevalence from our HCPs survey and DALY estimates. Watery diarrhea had
the highest mean prevalence (Fig. 2.2) from the HCP survey. The high number of cases and
DALY estimates coupled with the year round occurrence of watery diarrhea compared to other
studied illnesses may be attributed to the vast range of causative agents (26) with a high
prevalence especially in developing countries. In Egypt, one of the most commonly aetiological
agents for watery diarrhea, enterotoxigenic E. coli (heat labile toxin strains of ETEC), was
reported to be prevalent in similar levels all year round among hospitalized children (33).
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Rotavirus, one of the major causes of profuse watery diarrhea was detected in 39 — 52% of
hospitalized children in Ghana, Kenya, Uganda and Zambia in 2008 (34). Studies from different
countries have reported prevalence of 14.9% for ETEC in rectal swabs of hospitalized acute
diarrhea patients in Indonesia (35) and 9.3% for non typhoidal Sa/monella in faecal samples of
diarrhea patients in Chad (36). For bloody diarrhea compared to watery diarrhea, few
actiological agents are commonly reported, i.e.. bacteria (Shigella spp., Enterohemorrhagic E.
coli ) (37, 38), parasites (Entamoeba histolytica) (39) and the seasonal trends may be explained
by the reported connection of these actiological to weather seasons (40). Cholera cases peaked
in the last quarter of the year (September to December) during the rainy season in Rwanda.
Similar trends were reported in Bangladesh (41) and Kenya (42) but differed from the trend
reported in Ghana (40). Typhoid fever outbreaks were dispersed over the year but like cholera
also peaked in the rainy season of the final quarter of the year similar to findings from India
(43) and Zimbabwe (44). The occurrence of these sporadic cases of typhoid and cholera during
the rainy season has been linked to the flooding of water sources and increased runoff water in
situation were surface water is used for household sores, drinking and food preparation (45-47).

From previous studies, trends of local sales for weekly aggregate OTC drugs were comparable
to the outbreak epidemic curves (48). The observed trends in prescription per pharmacy or per
age group for antibiotics, antiprotozoal and anthelmintic can therefore also provide a hint about
the manifestation of these aetiological agents, although it is not clear whether they are food
related or not. OTC drug sales method has been identified as one way in which community
health information on illnesses can be obtained even before medical care and notification (48).
In this study the peak in prescriptions of antibiotics in the second half of the year coincided
with the peak in reported cases for bloody diarrhea, typhoid and cholera. The age of 0-9 and
30-39 year had the highest number of prescriptions for antibiotics. These findings correlate with
the incidence of invasive non typhoidal Sa/monella spp. reported from other nearby Africa
countries (Malawi and South Africa) for these age groups (49).

Reported cases of watery diarrhea were 50 times higher than the cases of bloody diarrhea, but
in terms of DALY estimates, watery diarrhea was only greater than bloody diarrhea by a DALY
factor of 3. This trend can explain why it is not enough to look at only the number of cases,
prevalence or incidence without considering the other aspects of the disease envelope,
especially the disease severity. The DALY estimates therefore provide a risk-based perspective
of the impact of each illnesses on the population health of a country (18). In prioritizing
interventions, policy makers can be advised to address the causes of the studied illnesses in the
order of watery diarrhea — bloody diarrhea — typhoid fever — cholera. In most of our DALY
estimates, the YLL component was greater than YLD by over 80%. This can be possible
because the illnesses in this study were acute with a short duration to influence the YLD
component or these illnesses mainly cause death in children resulting to large YLL estimates
as it has been reported that children under 5 year old bear a greater burden of foodborne diseases
in the Sub Saharan African regions (2).

Our DALY estimates from HCPs survey were in a close range of about 1 to 1.5 fold with the
DALY estimates from reported cases (RBC) for watery diarrhea and bloody diarrhea. The same
trend was observed for the DALY estimates to combined cases of watery diarrhea, bloody
diarrhea and cholera combined) from RBC data compared to the DALY estimates from ORS
prescription. This comparison suggests that HCP data can also be used. However, HCP opinion
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survey should be used with caution for illnesses which occur sporadically where some HCPs
can finish the whole year without handling a single case. In this study, the sporadic occurrence
of typhoid fever (Fig. 2.3) can explain the large 95% credible interval and the significant
difference observed between the DALY estimates for typhoid fever from HCPs and RBC data
(Fig. 2.6). Our study has demonstrated that different syndromic surveillance data sources
(epidemiology, opinion survey and drug prescriptions) can be used for DALY estimates. This
approach can be effective in situations where syndromic data is readily available compared to
the desired integrated food chain and laboratory based surveillance data (24).

In Table 2.2, we compared our DALY estimates from notifiable surveillance cases (RBC) with

the DALY of comparable illnesses reported in previous studies. In this study, DALY estimates
for combined cases of watery diarrhea, bloody diarrhea and cholera were 40 times lower
compared to the DALY of diarrhea diseases reported by von Witzke et al. (12) in Rwanda, year
2000 (Tab. 2.2). This decline in DALY estimates for diarrhea over the years is in agreement
with what was reported by the Institute for Health Metric and Evaluation (IHME) for the period
between 1990 to 2013 (50). Rwanda was also classified among countries in Sub-Saharan Africa
that have DALY estimates of diarrheal diseases significantly lower than the mean (50). In
addition, our DALY estimates for diarrhea in Rwanda were 20 times lower than the DALY
estimates from IHME in 2013 (51). This difference in DALY is justifiable because in the IHME
study the deaths estimates used were 10 times more than our study and deaths numbers as
observed from this study greatly influences the DALY outcome of short term illnesses.
Furthermore, the DALY estimates for typhoid fever in this study were about 15% of the 2010
estimates from each of the two WHO Africa regions (Tab. 2.2). Considering that there are more
than 20 countries in each of these WHO regions (2), these findings support what Havelaar et al.
(2) acknowledged that the estimates in their study were conservative and more on the side of
underestimation. Comparing DALY estimates across different studies at the moment, should
also be done with caution due to the differences in methodology and approach. Nevertheless,
continued comparison of DALY estimates can be a basis for setting public health objectives,
contribute to the quest to harmonise study approaches and act as a reminder of the gap in
estimating the real burden of foodborne illnesses.
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Data gaps and limitation of the study

For all the reported cases, we assumed that all diarrheal cases are mainly infectious in origin as
in most developing countries (26). Even with the assumed infectious nature of these diarrheal
cases, it was not possible to underpin and rank from this study the most important foodborne
pathogens. Various foodborne pathogens can lead to diarrhea. For example, there is need to
investigate the burden of non-typhoidal Sa/monella in additional to the already existing
surveillance efforts of typhoid fever (targeting Salmonella Typhi). We used population survey
studies in USA for the multiplier for underreporting due to medical seeking behaviour and
underdiagnosis. Discrepancies may come the fact that multipliers from a developed country
were used in this study, this approach may result to underestimation of the burden. DALY
estimates in this study would improve if population surveys in Rwanda cover medical seeking
behaviours for different illnesses in future. We also assumed that all cases of illnesses registered
at health facilities were reported to the notifiable surveillance system at RBC. During this study,
the data from the notifiable surveillance system was not stratified by age and sex, so is our
DALY estimates. Since diarrheal diseases can also originate from non-food sources such as
unhygienic shared sanitation facilities and open defecation (52), attributing cases to sources
will provide the clear burden estimates according to sources. For all illnesses, we assumed that
all cases in this study were acute and therefore the duration of chronic cases and their related
sequelae not considered. We used the WHO deaths estimates per age group (53) to distribute
per age group the total deaths reported by the MoH for each studied illnesses. Registering deaths
according to aetiological agents, vehicles and demographics will also lead to improved
estimates in future.

For the over the counter (OTC) drug prescription/sales records, the data was paper based and
collecting data from individual pharmacies was not possible. We were able to cover the year
2013 in 37 pharmacies for affiliates and dependants (about 3.7% of population of Rwanda) (28)
of the public insurance scheme at Rwanda Social Security Board. Data collection would have
been easier and more accurate if all pharmacies had electronic records of sales and prescriptions
that are submitted to a one stop centre at a regulated time, but this study shows that even in the
absence of an electronic system, pharmacy data can be used to estimate food related illnesses.

In this study we have used data from three syndromic surveillance sources, ie. data from the
notifiable surveillance system at RBC, OTC drug prescription and from opinion survey with
HCPs to estimates outcome based DALY. Each data source has its advantages and dis
advantages. Notifiable surveillance data are easy to retrieve if the electronic reporting system
is working (54). However the data from the surveillance system have to be supported by
population surveys to determine medical seeking behaviour (55) and in some cases there are
under notification and underdiagnosis from health facilities (15, 56). Data from drug sales can
be more representative and may not require adjusting for medical seeking behaviour especially
in situations where patients can access pharmacies with or without HCP’s advice. The
drawbacks for this data are that it is difficult to collect data from private and public pharmacies,
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and some patients repetitively buy drugs without HCP consultation and this can hype the
number of cases and at times misdiagnosis. Opinion survey data requires no pre-existing data
collection infrastructure but the data generated is very subjective and greatly influenced by
trends, seasons, location for the illnesses understudy. If a survey is conducted in areas where an
outbreak has just occurred, the illness understudy may be accorded unrealistic high incidence.
In Table A.4 of the Technical appendix A, high and fluctuating incidences of the studied
illnesses can be observed.

Conclusion and recommendations

We have provided trends and estimates for the burden of food related illnesses in Rwanda for
the year 2013 based on syndromic surveillance data. We envision that the data gaps identified,
and the methodology used in this study will guide future studies on estimating the burden of
foodborne illnesses in Rwanda and other developing countries. It is important to note that as
developing countries aspire to acquire laboratory based- and integrated food chain disease
surveillance systems, the data from the cheaper and available syndromic surveillance data
sources can still be used to provide guiding estimates. As recommended by WHO (24),
estimating the burden of disease is a step in the right direction towards introducing integrated
food chain surveillance systems. Integrated food chain surveillance systems will prepare these
countries to address the current and future challenges from foodborne illnesses. This
preparedness will involve national multi-task teams (HCPs, food safety experts, academia,
agriculturalists) to collect pathogen information from humans, animals and plants. This
information will support improved studies to estimate the burden of foodborne diseases based
on pathogen identification and ranking, source attribution, acute disease and sequelae ranking,
all with aim of supporting evidence based public health policies.

Disclaimer. The findings and conclusions in this study are those of the authors and do not
necessarily represent the official position of the institutions where input data were sourced.
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Technical Appendix A

Outcome based DALY estimates.

In this appendix, the methodology used to estimate outcome based DALY is presented for watery
diarrhea, bloody diarrhea, cholera and typhoid fever in Rwanda, year 2013. Syndromic surveillance data
was used in this study. Data sources were the epidemic surveillance and response division of Rwanda
Biomedical Centre (RBC), an opinion survey with health care providers (HCPs), prescription records
for oral rehydration salts (ORS), Rwanda Ministry of Health reports (MoH), Rwanda National Institute
of statistics reports (28, 29), the World Health Organisation (WHO) and data in other published
literature. DALY estimates were computed using the R-DALY calculator (57).

1.

Glossary

In the context of this study, the following terms and abbreviations were defined/applied as
follows:

Age weighting, refers to a factor which can be used in DALY calculations to carter for the
relative value of a year of healthy life lived at different ages (58).

Bloody diarrhea. Case refers to any person with diarrhoea and whose stool contains visible
traces of blood.

Case fatality rate (CFR). Proportion of reported cases of a specified disease or condition which
are fatal within a specified time. CFR in this study are used in percentage proportions (% ).

Cholera. Suspected cases, a patient aged 5 years or more develops severe dehydration or dies
from acute watery diarrhoea. A case of cholera is confirmed when Vibrio cholerae O1 or 0139
is isolated from any patient with diarrhoea (59). DALY calculations in this study included the
0-4 years age group considering that all age groups can suffer from cholera.

DALY (Disability-Adjusted Life Years), summary metric of population health which
measures how many years of healthy life are lost due to premature death and or life lived with
the disease and or disability. DALY are the sum of two components: years of life lost due to
premature mortality (YLL) and years lived with disability (YLD) (31).

DALY calculator, a DALY package for calculating DALY and performing uncertainty and
sensitivity analyses (57).

Disability weight (DW) is a weighing factor that reflects the severity of the disease on a scale
from 0 (perfect health) to 1 (equivalent to death). Disability weights are generated through large-
scale empirical investigation in which judgments about health losses associated with many
causes of disease and injury are elicited from the general public in diverse communities (60).

Discounting for time, refers to the inclusion of discount rates in DALY calculations to carter
for future health life years lost (61). Discounting for time in DALY calculations is borrowed
from economic principles (58).

Duration of disease, refers to the time interval from manifestation of the illness to the time of
healing for nonfatal cases or death for fatal cases.
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Food-related pathogens, refers to aetiological agents that can cause human illnesses/diseases
through food and other sources.

Food related illnesses, refers to the illnesses that can be caused mainly through food and water
notwithstanding other causes. Because non confirmed cases are used in this study, the term
“food related illnesses” is used instead of foodborne illnesses.

GBD (Global Burden of Disease) a systematic, scientific effort to quantify the comparative
magnitude of health loss due to diseases, injuries, and risk factors by age, sex, and geographies
for specific points in time (31).

HCPs: Health care providers, including general practising doctors and grade 1 nurses

Incidence rate, new cases of disease occurring per unit of population, per unit time (number of
new cases per 1,000 persons per year).

GBD 2010, life expectancy table. Represents the aspiration for healthy lifespan for all
individuals, both female and male (31).

MoH: Ministry of Health of Rwanda (http://www.moh.gov.rw/index.php?id=2).

Mortality, number of deaths due to a specific disease in a population per unit time. (Units in
this study were, deaths per 1,000 persons per year)

Multiplier, refers to the multiplication factor used to upscale the reported numbers to carter for
the magnitude of underestimation due to medical seeking behaviour (15) and underdiagnosis.

NISR: National Institute of Statistics of Rwanda, a public institution in Rwanda mandated to
collect, analyse and disseminate, among others duties, information on population housing
census, demographic health survey and population conditions of living
(http://www.statistics.gov.rw/).

Onset of disease, age of onset in years is the age at which an individual acquires, develops, or
first experiences a condition or symptoms of a disease.

ORS (Oral rehydration salts), a glucose electrolyte solution given to patients by mouth to
combat dehydration especially due to diarrhea (62).

Perceived prevalence, in this study perceived prevalence refers to the proportion of individuals
in the population, suffering from the illnesses under study in a given period, based on the opinion
or experience of health care providers.

PERT distribution (Program Evaluation and Review Technique). A probability distribution
which is based on the B distributions, originally referring to a project management tool (63).
The PERT distribution can be specified either using a minimum, maximum and modal value, or
by three percentile points, such as a median value and 95% credible intervals. As from Kirk et
al. (64) we used this distribution widely in our analysis, as it allows for asymmetric distributions.
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RBC (Rwanda Biomedical Centre), a public institution in Rwanda under the Ministry of Health,
mandated among others duties to conduct syndromic- and epidemic surveillance and response
(http://www.rbc.gov.rw/).

Treatment proportion, the proportion of individuals in the whole population, suffering from
the illnesses under study, that seek medical care.

Typhoid fever. Suspected case, any person with gradual onset of steadily increasing and then
persistently high fever (38°C and above), chills, malaise, headache, sore throat, cough, and,
sometimes, abdominal pain and constipation or diarrhoea. Confirmed case: Suspected case
confirmed by isolation of Salmonella typhi from blood, bone marrow, bowel fluid or stool (65).

Watery diarrhea. Case refers to a person with three watery stools or more within 24 hours.
WHO, the World Health Organisation of the United Nations.

YLD (Years Lived with Disability) is a component of DALY estimates computed by
multiplying the number of incident cases of a given illness in a population with the disability
weight (DW) and the average duration of the case until remission or death (years) (31).

YLL (Years of Life Lost due to premature mortality), is a component of DALY estimates,
computed by multiplying the number of deaths at a given age with the standard life expectancy
at that age (31).
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4. General input parameters for the DALY calculator

4.1. Calculation of incidence from RBC data and ORS prescription
(cases/1000persons/year)
We calculated the incidence as follows (Eq. A.1):
Equation A.1

Number of cases 1 ) 1/
Population under study /1000 persons ~ /year

Incidence =

The RBC data was not age or gender specific, so in calculating incidence, we chose
to consider the whole population of 10,515,973 inhabitants in 2012 (29) without
age/gender stratification.

Table A.3. Incidence of food-related illnesses in 2013

Total adjusted number of | Incidence
cases(rounded off) (cases/1000persons/year)
Illness
PERT distribution PERT distribution
Low =900, 605 cases Low = 85.64
Watery diarrhea Modal =1, 001, 680 cases Modal = 95.25
High =1, 200, 812 cases High =114.19
PERT distribution PERT distribution
Low =6,657 cases Low = 0.633
Bloody diarrhea Modal=9670 cases Modal = 0.922
High=17, 869 cases High= 1.699
Cholera PERT distribution PERT distribution
Low = 1067 cases Low =0.1015
Modal=1920 cases Modal = 0.183
High==3335 cases High=0.317
ORS-diarrhea PERT distribution PERT distribution
Low =112,948 cases Low =10.74
Modal =221,543 cases Modal = 21.08
High = 384,361 cases High = 36.6
PERT distribution PERT distribution
Typhoid fever Low =1311 cases Low = 0.125
Modal =4502 cases Modal = 0.428
High =22528 cases High = 2.142
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4.3. Population under study

Data about the population demographics was obtained from the Rwanda fourth
population and housing census conducted by the National Institute of Statistics of
Rwanda (29). The data was reorganised to suit the age categories programmed in the R-
DALY calculator (57) as in Table A.5

Table A.S. Population distribution by age in Rwanda 2012

Age group. No. of Males No. of Females
0-4 768,340 774,057

5-14 1,208,114 1,406,385

15 -44 2,350,514 2,463,900
45-59 465,048 506,953

60 + 262,853 299,811

4.4. Life expectancy table

Life expectancy table used in the global burden of disease in 2010 (GBD 2010) for both
males and females was adopted (31).

4.5. Social values

4.5.1.

Discounting for time

In this study, a discount rate of 0 % was applied similar to the GBD of 2010 (31).

4.5.2.

No age weighting was used in this study.

4.6. On set age: (in years)

4.6.1.

Age-weighting

Watery diarrhea, bloody diarrhea and cholera

Even though children (under 5 years) and old people (above 59 years) are more

susceptible, diarrheal diseases can lead to morbidity across all age groups (69). The
default age groups in R-DALY calculator were arranged in beta PERT distribution
and applied in this study, since the onset of acute diarrheal diseases can occur at
any age. Average age for each age group was taken as the modal value (Tab A.6).

Table A.6. On set age for diarrhea diseases

Age in years

Age group modal Min Maximum
0-4 2 0 4

5-14 9.5 5 14

15-44 29.5 15 44

45-59 52 45 59

60 + 77.5 60 95
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2
4.6.2. Typhoid fever
Default age groups in R-DALY calculator we used in a beta PERT distribution since
illness due to typhoid can occur at any age (70) as shown in Tab. A. 6.
4.7.  Disability Weight (DW) of disease: (range [ 0-1])
4.7.1. Watery diarrhea, bloody diarrhea and cholera
The global burden of disease study for the year 2010 (GBD 2010) involved
countries like Tanzania in the same region as Rwanda. In the GBD 2010, diarrheal
diseases were classified as mild, moderate and severe and awarded disability
weights (DW) (60). All reported cases of bloody diarrhea and cholera were assumed
to be severe; the GBD 2010 DW for severe diarrhea were, modal= 0.281 (
low=0.184 — high=0.399) in a beta PERT distribution(60). We also assumed that
all reported cases of watery diarrhea had moderate and severe episodes ( DW
moderate + DW severe) with the modal as the average (0.133,0.202, 0.299, 0.18,
0.281, 0.399), leading to a PERT distribution of, modal = 0.250 ( low=0.133 —
high=0.399).
4.7.2. Typhoid fever
DW of 0.6 was applied as from a study by Gkogka et al. (18).
4.8.  Mortality: deaths/1000 persons/ year

4.8.1.

Watery diarrhea, bloody diarrhea and cholera

We used the deaths (335 deaths) due to diarrheal diseases reported by Ministry of
Health of Rwanda for the year 2012 (71) and a pert distribution was obtained as
shown in Box 1 to carter for uncertainty under reporting and recording.

Box 1 Deaths due to diarrheal diseases in Rwanda, 2013

Symbol

Variable

Source

dD
unD
tD
kD
pdD
xD
mD
hD

Deaths due to diarreal diseases

Deaths due to unknown causes

Total deaths for all causes

Deaths due to known causes = (tD-unD)

Proportion of known deaths due to diarhea = (dD/kD)
Deaths due to diarhea not registered = (pdD*unD)
Most likely deaths due to diarrhea = (dD+xD)
Highest possible deaths due to diarrhea = 2* mD

335 MoH, 2013
5,063 MoH, 2013
12,172 MoH, 2013
7,109 Calculated
0.0471 Calculated

239 Calculated

574 Calculated
1147 Assumption

Output: Risk pert distribution
low = 335 deaths

modal= 574 deaths

High = 1147 deaths
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To estimate the number of deaths for patients with only watery diarrhea or bloody
diarrhea as clinical features, and or cholera disease with respect to the total death burden
diarrheal diseases, we used the case fatality rates (CFR) derived from the most
suspected respective causative pathogens from literature as in Table A.7. Box 2 shows
the methodology used to generate mortality rates and the associated uncertainty were
computed using @risk 7.5 software ( Palisade corporation, USA ) at 20,000 iterations.

Table A. 7. Case fatality rates of common etiologic agents causing diarrheal diseases (in %).

Bloody diarrhea
Pathogen CFR % Reference
1 Shigella spp. 0.1,1,4,7,15 6) (72)
2 Camplylobacter 0.1, 3, 10, 0.05 (6, 18)
Jejuni
3 Non typhoidal 0.5,0.14, 19, 20, 25 (6),(73-75)
Salmonella
4 Entamoeba 0.1,0.2,0.3 (18)
histolytica
5 STEC 0.8,3,5 (6)
6 EIEC Like Shigella spp. (76)
Pert (0.1, 5.7, 25)
Watery diarrhea
1 Norovirus 0.075, 0.1, 0.3, 0.34, 1.6, 2.0 (77-80)
Rotavirus
2 Giardia lamblia 0, 0.05, 0.1 (18)
3 EPEC 0.01 (66, 81)
4 ETEC 0.01 (66)
5 Staphylococcus 0,0.025, 0.05 (18)
aureus and other
food poisoning
bacteria
6 Cryptosporidium 0.07, 0.6 (18)
Spp-
Pert (0, 0.33, 2.0))
Cholera
Vibrio cholerae From year 2009 to 2012, the WHO data (66, 82, 83)
shows the CFR = 0 in Rwanda. But to
carter for uncertainty due to under
diagnosis especially due to close
resemblance with ETEC, we selected a
CFR between 0% and 0.01%. CFR for
ETEC=0.01 %
Pert (0, 0.005, 0.01)
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From Table A.7, the average CFR was calculated and taken as the modal: watery
diarrhea = 0.33 %, bloody diarrhea = 5.7% and cholera = 0.005% in the pert
distribution.

Calculation of mortality rates

We computed as in Equation A.2 the mortality rates (deaths/1000 persons/ year),
the population of Rwanda (10,515,973 persons) (29) and the number of deaths due
to diarrheal diseases.

Equation A.2

deaths . ( 1 1

Mortality rate =

X
Total population 1000 persons  year

The minimum, mode and maximum values of mortality rates in the output were
selected for further calculations of respective DALY

To suit the age group settings in the DALY calculator, the deaths proportions
(distribution) per age group for watery diarrhea, bloody diarrhea and cholera
disease was computed. The deaths estimates (proportions) per age groups from the
WHO evidence department (84) were used to distribute the mortality values in Box
2 across different age groups.

Mortality — ORS cases (deaths/1000persons/year)
To calculate mortality for cases of diarrhea which also received ORS treatment, we
multiplied the total diarrhea deaths (consideration underreporting) with the %
(27.5) use of ORS in Rwanda (67) and thereafter computed the mortality as in the
formulae above as follows: The same procedure for distribution mortality rate
across age groups was followed as mentioned before.
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Box 2. Derivation of mortality due watery diarrhea, bloody diarrhea and cholera using @risk software 7.5,
20,000 iterations

Symbols Variables Input unit Source
Case fatality rate
Cw Case fatality rates for Watery diarrhea Risk pert (0, 0.33, 2) % Table A.7
Cb Case fatality rates for Bloody diarrhea Risk pert (0.1, 5.7, 25) % Table A.7
Ce Case fatality rates for Cholera Risk pert (0, 0.005, 0.01) % Table A.7
Reported cases with underporting factor
Rw Adjusted cases for Watery diarhea Riskpert ( 900605, 1001476, 1201407) cases Table A.1
Rb Adjusted cases for Bloody diamhea Riskpert ( 8654, 9710, 17858) cases Table A1
Re Adjusted cases for Cholera Riskpert ( 1067, 1920, 3335) cases Table A1
Derived deaths
dDw Derived deaths due to Watery diarthea Cw/100*Rw deaths Calculated
dDb Derived deaths due to Bloody diarhea Cb/100*Rb deaths Calculated
dDe Derived deaths due to Cholera Cc/100*Re deaths Calculated
TdD Total derived deaths dDw+dDb+dDc deaths Calculated
Reported deaths
RD Reported deaths in Rwanda, circa 2013 Risk pert (335, 574, 1147) deaths Box 1
CF Correction factor TdD/RD (mean =10) Calculated
Updated deaths
dw Updated deaths for Watery diarrhea dDw/CF deaths Calculated
dB Updated deaths for Blooy diarrhea dDb/CF deaths Calculated
dc Updated deaths for Cholera dDc/CF deaths Calculated
Pop Population of Rwanda by 2012 10515973 persons NISR, 2012
Mortality rates (deaths/1000 persons/ year
Mw Mortality rates due to Watery diarthea dW/Pop*1000 persons*1year Calculated
Mb Mortality rates due to Bloody diarhea dB/Pop*1000 persons*1year Calculated
Me Mortality rates due to Cholera dC/Pop*1000 persons™1year Calculated
Software out put
Watery diarrhea Bloody diarrhea Cholera
Sheetl!E28 Cell Sheetl!E29 Cell Sheetl!E30
Minimum 0.000188 Minimum 9.901E-005 Minimum 2.138E-008
Maximum 0.10128 x:"""“’“ gﬂo':g‘%s: Maximum 3.338E-005
Mean 0.04942 4 Mean 1.382E-006
oo% 1 < 0000172 90% A =0.000109 90% C1 = 1.775€-008
e S x:::‘ . :zz;: Mode 5.735€-007
- Median 9.425€-007
Median 0.04880 Std Dev 0.009401 Std Dev 1.526E-006
4.8.2. Typhoid fever

Due to paucity of data for mortality rates for sub-Saharan Africa in previous studies
(85) were used. Buckle et al. (2012) reported, modal = 0.004 ( low = 0.002, high =
0.007) deaths/1000 persons/ year. Deaths per age groups proportions for infectious
agents, WHO GHE code 370 (84) were used to distribute the mortality reported by
Buckle et al. (85) to different age groups.
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4.9. Treatment proportion: (range [ 0-1])

4.9.1.

4.9.2.

Watery diarrhea, bloody diarrhea and cholera

Watery diarrhea and Bloody diarrhea

Due to lack of population survey data on medical seeking proportions for watery
and bloody diarrhea in Rwanda, we adopted FoodNet —USA population in surveys
of year, 2000-2001, 2002-2003 and 2006-2007 for the proportion of survey
respondents with non-bloody diarrhea (watery diarrhea) and bloody diarrhea who
sought medical care. Proportions (95% credible interval) were, 0.15, 0.18, and 0.20
(watery diarrhea) and 0.19, 0.35 and 0.51 (bloody diarrhea) for low, modal and
high values respectively (23).

Cholera

Always an outbreak spark 100% participation of health care system in Rwanda,
therefore treatment proportion assumed to be; 1 (Take A.1).

Typhoid fever

We adopted medical seeking proportions used by Scallan et al.(23) for Salmonella
enterica, serotype Typhi. Proportions (95% credible interval) were, 0.15, 0.26 and
0.51 for low, modal and high values respectively.

4.10. Duration of disease: (in years)

4.10.1.

4.10.2.

Watery diarrhea, bloody diarrhea and cholera
We assume that the diarrheal diseases in this study are acute and therefore the
duration of chronic diarrhea and their related sequelae are not considered.

Watery diarrhea and bloody diarrhea

We use the durations published in the World Gastroenterology Organisation
(WGO) practice guidelines of 2008 (86).

3 (1-14) days = [0.0082 ( 0.0027 — 0.038)] years

Cholera

After infection, the symptoms of cholera can appear from 0.1 to 10 days (87), (88,
89).We therefore adopt the duration of modal = 5 days, low = 0.1 and high= 10
days, [ 0.0137 ( 0.0003 — 0.0274) ] years.

ORS Cases
We used a duration of 3 (0.1-14) days = [0.0082 ( 0.0003 — 0.038)] years for watery
diarrhea.

Typhoid fever

We take the duration of typhoid fever to be around 14 ( 3 - 60) days = 0.0384
(0.0032 — 0.1644) years (18, 65, 90)).

4.11. Disability Weight (DW) of untreated disease: (range [ 0-1])

4.11.1.

Watery diarrhea, bloody diarrhea, cholera and ORS cases
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Untreated cases of these diarrheal diseases were assumed to be mild and hence use
aDW 0f 0.061 (0.036—0.093) used in the 2010 global burden of disease study (60).

4.11.2. Typhoid fever
Class 1 DW of 0.096 (91) was adopted for uncomplicated typhoid cases (18).
4.12. Average age at death: age in years
4.12.1. Watery diarrhea, bloody diarrhea and cholera

We use the default age groups in the R-DALY calculator (Tab. A.9) adopted from
the 1990 GBD (92). Deaths caused by diarrheal diseases were reported to be more
significant for the age groups, 0-4 (93) and +60 years (94, 95) however WHO
estimates for sub-Saharan countries (84) indicate significant deaths proportions also
in other age groups. Therefore average age at death for diarrheal diseases was
adopted as shown in Table A.9

Table A.9. Average age at death for diarrheal diseases.

Age in years
Age group modal
0-4 2
5-14 9.5
15-44 29.5
45-59 52
+ 60 77.5

4.12.2. Typhoid fever

Average age per age groups at death presented in Table A.9 were used.
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5. R-outputs (Estimates for a population of 10,515,973 inhabitants ).

Deaths estimates from different data sources for a given illness are almost equal because of using

the same mortality estimates.

DALY Calculator:

Mean
DALY 7065
YLD 778
YLL 6287
cases 1016345
deaths 94
YLD/DALY = 11%
YLL/DALY = 89%

2250 9

1500

Frequency

4455

Median 2.5%
7056 4455
706 226
6279 3738
1012790 930438
94 59

RBC_Watery diarrhea

7085

RBC_Watery diarrhea

97.5%

9797

1717

8858

1120283

130

o737
o7.5%

2500

T
4875

T
7250

DALY

T
9625

12000

DALY Calculator:

HCPs_Watery diarrhea

Mean Median 2.5% 97.5%
DALY 10806 10271 6021 18494
YLD 4490 3789 944 11865
YLL 6317 6319 3767 8838
cases 5839672 5668237 2427061 10242476
deaths 95 95 59 130
YLD/DALY = 39%
YLL/DALY = 61%

2250 4

Frequency
g
L

6021

HCPs_Watery diarrhea

10806

18494
o7.5%

2000

9000

16000

DALY

23000

30000
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DALY Calculator:

RBC_Bloody diarrhea

Mean Median 2.5% 97.5%
DALY 2243 2055 525 4997
YLD 8 7 2 19
YLL 2235 2048 516 4989
cases 10539 10380 7457 14502
deaths 34 31 9 70
YLD/DALY = 1%
YLL/DALY = 99%
RBC_Bloody diarrhea

16754 ]
g 1250 4 M
E —

625 ]

0 32’5] 65'00 97'50

DALY

13000

illnesses

DALY Calculator:

Mean Median

DALY 2462 2271
YLD 223 136
YLL 2239 2051
cases 290761 209560
deaths 34 31
YLD/DALY = 10%

YLL/DALY = 90%

2.

in Rwanda,2013

5% 97.5%
667 5245
14 927
507 4982

31551 953314

9 71

HCPs_Bloody diarrhea

1512 381

1875

1250

Frequency

6251

8102
97.5%

|71

HCPs_Bloody diarrhea

6500

DALY

9750

13000
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DALY Calculator: RBC Typhoid fever DALY Calculator: HCPs_Typhoid fever

Mean Median 2.5% 97.5% Mean Median 2.5% 97.5%
DALY 771 770 601 952 DALY 11437 7062 815 45644
YLD 36 29 6 107 YLD 10703 6333 76 44930
YLL 735 734 572 905 YLL 734 733 571 906
cases 6954 6394 1887 14986 cases 2055633 1433517 18302 7173015
deaths 11 11 8 13 deaths 1 L 8 13

YLD/DALY = 80%

YLD/DALY 5%

YLL/DALY = 20%

YLL/DALY 95%

HCPs_Typhoid fever
RBC_Typhoid fever _1yp
R s

@ ™ o 2_ I. —

25 s

8000 —

1500 ]
6000 4

1000 ] -
40009

Frequency
|
Frequency

501
20009

460 ) 80 970 1140 T v
0 27500 55000 82500 110000

DALY
DALY
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DALY Calculator: RBC_Cholera

DALY Calculator: RBC Diarrheal diseases

(cases of watery diarrhea + bloody disease

Mean Median 2.5% 97.5%

+suspected cases of cholera)

Mean Median 2.5% 97.5%

DALY 8 8 3 16

DALY 9324 9266 5951 13063
YLD 8 8 3 15

YLD 796 728 244 1738
YLL 1 0 0 1

YLL 8528 8486 5250 12200
cases 2017 2001 1348 2771

cases 1028839 1025790 942279 1131835
deaths 0 0 0 0

deaths 128 127 82 178

YLD/DALY = 9%
YLD/DALY = 93%

YLL/DALY = 91%
YLL/DALY = 7%

RBC_Diarrheal diseases
RBC_Cholera

25%

2500

18759

12504

Frequency

6259

o84

DALY

1875

Frequency

625

1250 —

932

13063
915%

T
3000 6500

10000

DALY

T
13500

17000
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DALY Calculator:

Mean Median 2.5%

DALY 10990 10886
YLD 366 337
YLL 10624 10515
cases 230665 229470 14
deaths 170 169
YLD/DALY = 3%

YLL/DALY = 97%

Frequency

1875 9

g

6259

ORS_Diarrhea

8 10690

8238

79

7894

8909

133

12

ORS_Diarrhea

97.5%

14339

816

13955

320947

212

o15%

6500

9125 11750

DALY

14375

17000
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Opinion survey for Medical practitioners about food-related illnesses in 2013

Symptomatic ranking of food-related illness

How do you rank the prevalence of the following symptoms/clinical feature depending on
your experience with patients in the year 2013. (use the following ranking criteria by ticking
() where applicable)

Ranking scale
Category 1 2 3 4 5 6 7
Percentage (%) Not seen 0-1 1-20 20-40 40 -60 60 -80 80-100
0
1 2 3 4 5 6 7
Clinical feature 0% 0-1% 1-20% 20-40% 40-60% 60-80% 80-100%
Bloody diarrhoea Q Q
1 2 3 4 5 6 7
0% 0-1% 1-20% 20-40% 40-60% 60-80% 80-100%
Watery diarrhoea O
1 2 3 4 5 6 7
0% 0-1% 1-20% 20-40% 40-60% 60-80% 80-100%

Typhoid fever

Any comments

Thank you
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Abstract

Microbial safety of ready-to-eat vegetables is currently a global concern. We studied indicator
microorganisms in fresh vegetables from “farm to fork” in Rwanda, to identify possible trends
in microbial counts along the supply chain in a developing country. A total of 453 samples were
taken across the vegetable supply chain (farm, market and food service establishment level) and
analyzed for indicator microorganisms; Enterobacteriaceae, Listeria spp., acrobic plate count
and coagulase - positive staphylococci. The sampling at farm and market covered 11 types of
vegetables commonly eaten raw in salads. Results show that the mean count of
Enterobacteriaceae and Listeria spp. in vegetables were respectively 5.8 and 4.6 log cfu/g at
farm, 6.3 and 4.9 log cfu/g at market, 6.0 and 5.1 log cfu/g upon arrival at food service
establishments, and finally 3.3 and 2.9 log cfu/g in ready-to-eat salads. Aerobic plate count and
coagulase-positive Staphylococci were on average 6.8 and 4.6 respectively at start of salad
preparation and 4.9 and 3.0 in the final product. Unit operations like washing with or without
sanitizers, trimming and peeling significantly reduced indicator counts by on average 2.1 log
cfu/g from start to end of salad preparation. Results also show that 91% (51/56) and 22% (12/56)
of ready-to-eat salads prepared by food service establishments met the guidelines for coagulase
- positive staphylococci (10* cfu/g) and presumptive Listeria spp. (10? cfu/g). The high counts
of these indicator microorganisms along the vegetable supply chain, raises concern about the
potential presence of foodborne pathogens. This study calls for improved adherence to GAPs
and GHPs in the fresh vegetable supply chain so as to minimize the potential risk from
foodborne pathogens.
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Introduction

Global production and consumption of fresh vegetables has been increasing for the last three
decades (1), concurrently, the reported foodborne outbreaks linked to fresh vegetables have
surged (2-5). Pathogens most implicated in these vegetable related outbreaks include Norovirus,
Salmonella spp., Escherichia coli and Shigella spp. (2, 6). To minimize the number of these
outbreaks internationally, guidelines such as those from the World Health Organization (WHO)
and the Food and Agriculture Organization (FAO) (7) have been developed to prevent or control
the conditions or factors leading to microbial contamination, survival or growth along the “farm
to fork” continuum. To investigate the effectiveness of the control measures in these guidelines,
researchers from mainly developed countries have continued to study foodborne pathogens and
indicator microorganism (IMOs) at different stages of the vegetable supply chain (8-10).
Because pathogens are usually prevalent in low numbers, appear sporadically or absent at times,
IMOs like aerobic plate count (APC), faecal coliforms, Enterobacteriaceae, Listeria spp. can
provide more information to the detect the changes in control or preventive measures (11).
Indicator microorganisms have been defined as a species of microorganisms or a group of
microorganisms that indicate if food has been exposed to conditions that pose an increased risk
to be contaminated with a pathogen or has been held under conditions that would allow
pathogen proliferation (11). Although researchers (8-10) have used IMOs to investigate the
extent of contamination of vegetables, most studies do not cover the whole vegetable supply
chain (VSC) i.e.. the “farm to fork” continuum. A full overview of microbial levels across the
entire supply chain may be of more practical use in preventing foodborne outbreaks at food
service level.

In this study, we examined IMOs in the VSC in Rwanda from “farm to fork” to identify possible
trends in microbial counts (growth or contamination, inactivation, survival) along the VSC. By
investigating the microbial counts of IMOs across the entire VSC, we aim to contribute to
practical approaches and information for risk managers in implementing microbial safety
guidelines. Three major stages of the VSC were selected for investigation, farm, market and
food service establishments (FSEs). To represent the final stage of the VSC, we chose FSEs
over households, because in Rwanda, preparation and consumption of raw vegetables salads is
more common in FSEs than in households (most people in homes consume cooked vegetables).
Four specific objectives were set, (i) determining the difference between counts of IMOs in
vegetables at farm and market, (ii) investigating the ability of the different FSEs to eliminate or
reduce IMOs counts from start to the end of salad preparation, (iii) benchmarking of the
microbial counts in FSE-RTE salads with existing guidelines or regulatory requirements and
(iv) comparing the relation between the counts of IMOs at start of salad preparation at FSEs
with the counts in the ready-to eat (RTE) salads. Enterobacteriaceae and Listeria spp. were
selected as IMOs along the supply chain based on the expected vast abundance in farm
vegetables (12, 13) and hence the ability to provide observable trends (increase or decrease)
across the VSC. At FSEs, we included other IMOs viz. aerobic plate count (APC) and coagulase
- positive staphylococci (CP. staphylococci) the former, to indicate the exposure of the
vegetables to contamination and proliferation of microorganisms in general (14) and the latter
to indicate personnel hygiene behaviors (15) during salad preparation.

Foot note: Abbreviations
IMOs (Indicator microorganisms), VSC (Vegetable supply chain), FSEs (Food service establishments), WMV (Whole mixed
vegetables), RTE (Ready-to-eat)



86|Chapter 3

Materials and Methods

Study design, sampling points and area

Selected IMOs were analyzed from 453 samples taken along the vegetable supply chain (three
major stages: farm, market and FSE) in Rwanda from February to October 2015. The samples
at farm and market covered 11 types of vegetables commonly eaten raw, viz.; beet root,
cabbage, carrot, celery, cucumber, garlic, green pepper, lettuce, onion, parsley and tomato (each
vegetable type sampled nine times). At farm, the study concentrated on the vegetable growing
regions of Rwanda. Based on availability and the “one farm one sample” approach, we took 30,
26, 21, 16 and 6 samples from the Western, Southern, Northern and Eastern provinces and the
peripherals of the City of Kigali respectively. Markets were selected based on the availability
of the 11 chosen vegetables sold in built-open markets and supermarkets in the City of Kigali
[15], the Southern [3],Western [2], Northern [1] and Eastern [1] provinces of Rwanda.
Sampling in FSEs (hotels, restaurants and bars) was done in two cities of Rwanda (Kigali [51]
and Musanze [5]). Food service establishments buy whole vegetables from either from markets
or from the farms directly and during salad preparation, different vegetables are mixed, washed
and cut. One FSE can buy different vegetables from different markets or growing regions
depending on the price or availability and no fresh cut vegetables are available before the food
service level. The selection of each FSE was based on the maximum transit time of two hours
between the FSEs and the laboratory to minimize holding time of prepared salad before
analysis. The samples were stored in cooling boxes during transportation. To prepare the FSEs
for the study, we organized a consent meeting in which managers of FSEs were briefed about
the study and its importance in improving food safety. Out of 280 FSEs invited, 168 FSE
managers showed interest to participate in the study and were provided with consent forms to
register. To investigate the ability of FSEs to decrease microbial load during salad preparation,
a sample was taken at the start and at the end of salad preparation. The samples were provided
for free and after the laboratory analysis, we shared the test report and feedback with each
individual FSE.

Sample collection
Farms

Each of'the 11 types of vegetables was sampled 9 times leading to total of 99 vegetable samples
which were purchased randomly from 99 farms. The sampling procedure slightly differed for
the three categories of vegetables (fruit, subterranean, leafy). Fruit vegetables (i.e. cucumber,
green pepper, tomato) were picked at maturity from the plant. Subterranean vegetables like
carrot, beet root, garlic and onion, the vegetable roots, tubers or bulbs were uprooted, hand
shaken to remove the attached soil and the aerial part cut off and discarded. Leafy vegetables
such as lettuce, cabbage, celery and parsley, the samples consisted of only aerial parts which
were cut from the root base. For cabbage, ten heads were collected from each farm. For other
farm vegetables, a pooled farm sample (~2 kg) was collected as far apart as possible depending
on the farm size. Farm size ranged from around 6 m? to over 4000 m? and several of these farm
units conglomerate to form a vegetable farming area and in each farm one type of vegetable is
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grown. Sterile materials such as gloves and knives were used throughout the sampling process
and changed between each farm sample.

Markets

Twenty two markets were visited and in each market 11 types of vegetables were purchased
leading to a total of 242 samples. To obtain a representative sample for a given market, we
randomly purchased small units of vegetables from 6 to 10 vendors to get a pooled sample of
about 2 kg for each type of vegetable in retail markets. In supermarkets (single vendors),
packaged units were sampled from the shelves of each vegetable type. For cabbage, ten heads
were purchased from each market.

Food Service establishments (FSEs)

A total of 56 FSEs (43 hotels and 13 restaurant/bars) were randomly selected and sampled. Each
FSE provided 2 samples, one of whole mixed vegetables (FSE-WMYV) at start of salad
preparation (about 1- 2 kg) and another of ready-to- eat (FSE-RTE) vegetables (about 0.5-1 kg).
For the 56 FSEs, a total of 112 (56 x 2) vegetables samples were collected. About 70% (39/56)
of the visited FSEs washed vegetables with sanitizers, while others did not use any sanitizer but
rinsed vegetables with either boiled water or containerized drinking water. Different sanitizers
were used; 2% of FSEs used sodium troclosene (25-75 ppm), 12% used sodium hypochlorite
(=25 ppm), 21% used scouring powder (polyphosphate, sodium hydrogen carbonate, active
chlorine; 4 g/l) and 65% used potassium permanganate (0.001-0.003%). Contact time of
sanitizers was according to manufacturer instructions but varied between 1 and 10 min,
sanitization method was by dipping and all FSEs use tap water to acquire the aqueous sanitizing
solution. Food handlers had no specific information on the quantity of vegetables that can
sanitized for a given concentration of sanitizer solution.

Sample storage and transportation

After sampling, all samples were placed in sterile zipped polyethylene bags and immediately
stored in cooling boxes with ice packs and transported to the laboratory. The transit time was
1-3 h. The samples from farms and markets were analyzed within 24 h while samples from
FSEs were analyzed immediately upon reaching the laboratory.

Microbiological analyses

Whole vegetable samples from farm, market and FSEs were first sliced /cut into small pieces
(16) on a sterile stainless steel tray using sterilized knives and gloves for each sample, mixed
and followed by weighing of the 25ganalytical unit to make the 1:10 dilution with 225 ml of
diluent. For the cut RTE vegetables, the samples were hand mixed while still in the field
sampling bags and thereafter the 25 g sample was measured into a stomacher bag using sterile
tweezers. The culture media and consumables used were from Oxoid (Oxoid Ltd., Basingstoke,
UK). The samples were stomached (Model 400 Circulator, Seward, UK) in 225 ml of maximum
recovery diluent (MRD) for 1min and this was followed by tenfold serial dilutions of the initial
suspension using the same diluent for the enumeration of Enterobacteriaceae, APC, and
coagulase - positive staphylococci (CP. staphylococci); while for Listeria spp. buffered peptone
was used as a diluent. The IMOs were enumerated according to ISO methods i.e..;
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Enterobacteriaceae [1SO 21528-2: 2004] (17) , APC [ISO 4833-1: 2013] (18) , coagulase -
positive Staphylococci (CP. staphylococci) [ISO 6888-2: 1999] (19), Listeria spp. [ISO 11290-
2: 1998/Amd 1: 2004] (20)at 37°C for 48h (presumptive, typical, blue or blue-green colonies
with or without halo were counted as Listeria spp.). Selected presumptive Listeria strains (n =
99) isolated from farm vegetables were confirmed with API Listeria (Biomerieux, France). For
quality control of the media and positive controls of the experiments, strains of E. coli (LMG
8063) for Enterobacteriaceae, Listeria monocytogenes (LMG 16783) for Listeria spp. and S.
aureus (LMG 8224) for CP. staphylococci from BCCM (Belgian Coordinated Collection of
Microorganisms) were used.

Data analyses

Changes in microbial load from start to end of salad preparation were calculated by subtracting
log transformed counts of each IMO in salads (FSE-RTE) from counts in mixed whole
vegetables at start of salad preparation process for every FSE. Statistical analyses were
performed using IBM SPSS Statistics 22. Pearson's correlation () was used to determine the
relation between the initial counts of IMOs at start of salad preparation and the counts in ready
to ecat salads. Paired sample t - tests were used to compare the counts of Enterobacteriaceae
and Listeria spp. in farm and market vegetables, counts of IMOs in vegetables at start of salad
preparation and the counts in FSE-RTE. One way ANOVA followed by Tukey's post hoc test,
was used to compare the variation in counts between the IMOs during salad preparation.
Statistical significance was set at < 0.05.

Results and Discussion

Counts of Indicator microorganisms in farm and market vegetables

Fig. 3.1 and Table 3A.1 (see Appendix) show that from one vegetable to another, mean
Enterobacteriaceae counts ranged from 4.7 to 7.2 log cfu/g at farm and 5.6 to 6.9 log cfu/g at
market while the mean Listeria spp. counts ranged from 3.0 to 5.8 and 3.5 to 6.1 log cfu/g at
farm and market respectively. For most vegetables (Fig. 1), mean Enterobacteriaceae and
Listeria spp. counts were on average higher by 0.9 log cfu/g (p = 0.01) and by 0.5 log cfu/g (p
= 0.18) respectively at market compared to farm. However, for garlic and onion, the mean
Enterobacteriaceae and Listeria spp. counts were lower in market samples by 0.6 and 0.8 log
cfu/g respectively compared to farm samples.

Current guidelines on microbial safety and quality of fresh vegetables do not provide standard
limits for counts of Enterobacteriaceae and Listeria spp. at farm level. In previous studies,
Listeria spp. have been reported in vegetable agricultural environment (21) and in retail
vegetables. Prevalence can range 0 -100% (13, 22). Our mean counts Listeria spp. at farm and
market (retail) were higher than most of the counts reported from different countries, Spain
(23), Japan (24), UK (25, 26) but comparable to the counts reported in New Zealand (27). For
Enterobacteriaceae, counts higher than the counts reported in this study have reported in fresh
vegetables (12, 28). Nevertheless, in line with our main objective of identifying trends in
microbial counts along the VSC, we observed that the counts of these IMOs increased from
farm to market, indicating that between farm and market, vegetables are either contaminated or
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that there are conditions that allow growth of microorganisms. The results in this study are in
agreement with what has been reported elsewhere in developing countries. Studies by Shenge
et al. (29) in Nigeria indicated that contamination of tomato fruits with total coliforms and E.
coli, increased from farm to market. In Jordan, the same trend was observed in fresh vegetables
(parsley, lettuce, radish), E. coli counts increased by 1 log cfu/g from farm to market (30).

Previous studies have attributed this microbial contamination and or proliferation at farm and
market to the pre-and post-harvest factors including soil, irrigation water, green or inadequately
composted manure, air (dust), weather conditions, wild and domestic animals, insects, feces,
wash water, human handling, among others (30-33). For garlic and onion, the mean counts of
Enterobacteriaceae and Listeria spp. at market were lower compared to the farm level. This
trend in microbial counts may be attributed to the reported antimicrobial activity of the
organosulphur compounds in these vegetables (34) but also to the practices between farm and
market or at market level. In practice, garlic and onion are be kept for longer time at market
(more than one week), the outer covers (layers) dry out and keep peeling off, yet the inside fresh
parts with nutrients may be undesirable to microorganisms due to the reported antimicrobial
compounds. Therefore fresh garlic and onion in open field farms are most likely to have higher
microbial counts than the counts from the drying garlic and onion at market level. Further
research is needed to investigate the downward trend in microbial counts from farm to market
for onion and garlic. If the research outcome points to the reported antimicrobial activity of
compounds in onion and garlic, extracts of these compounds may be used in future as
antimicrobial ingredients in vegetable salads.
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Counts of indicator microorganisms during salad preparation at FSEs

Fig. 3.2 shows respective pooled mean counts for Enterobacteriaceae and Listeria spp. in
vegetables at farm (5.8 and 4.6 log cfu/g) and at market (6.3 and 4.9 log cfu/g) in addition to
mean counts for these IMOs in whole mixed vegetables at FSE level (6.0 and 5.1 log cfu/g
respectively). Fig. 3.2 also shows that from start to end of salad preparation, mean counts for
Enterobacteriaceae and Listeria spp. were significantly reduced (p < 0.001) on average by 2.5
log cfu/g.
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Figure 3.2: Average counts of Enterobacteriaceae and Listeria spp. at various points of the vegetable supply
chain, represented as the mean from different vegetables used for salad preparation. WMV-FSE at start = whole
mixed vegetables at start of salad preparation and FSE- Ready-to-eat = garnished ready-to-eat salads at FSEs.
Error bars represent the standard deviation in microbial counts at the different stages of the vegetable supply chain.
Bars without a common letter show mean microbial counts that differ significantly.

In other results, mean count for acrobic plate count and CP. staphylococci were 6.8, and 4.6 log
cfu/g in whole mixed vegetables before salad preparation (FSE-WMYV) and 4.9 and 3.0 in ready-
to-eat salads (FSE-RTE) respectively. Overall, with all the four IMOs combined, average
microbial load reduction was 2.1 log cfu/g from start to end of salad preparation in FSEs. The
salad preparation process at FSEs is done manually by food handlers. Salad contact surfaces
include knives, shredders, chopping boards, washing and or sanitization sinks. Furthermore Fig.
3.3 shows the changes in counts of different IMOs during salad preparation form one FSE to
the other. We observed decreases and few increases in counts of different IMOs separated by
the “zero change line” (line for no increase or decrease in IMO counts) at individual FSEs
during salad preparation. It can be seen that 88% (49/56) of FSEs show a decrease for all the
four IMOs (Enterobacteriaceae, Listeria spp., APC and CP. staphylococci) during salad
preparation. Among the 7 FSEs that were above the “zero change line”; 4/7 of FSEs had
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increased counts in CP. staphylococci; 1/7 in APC; 1/7 in Listeria spp. and 1/7 in
Enterobacteriaceae. Using Tukey's method with post hoc tests to compare the ability of FSEs
to reduce counts between IMOs, our results indicate that Enterobacteriaceae counts were most
reduced compared to CP. staphylococci (p < 0.001), APC (p = 0.006) and Listeria spp. (p =
0.085).
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Figure 3.3: Changes of IMOs during salad preparation by 56 Food Service Establishments with average reductions
(+ standard deviations) of 2.7 (+ 1.3) log cfu/g for Enterobacteriaceae; 2.0 (+ 0.9) APC; 2.2 (+ 1.2) of Listeria
ssp. and 1.6 (£ 1.0) of Coagulase-positive staphylococci.

The significant reduction in microbial counts at FSEs (Fig. 3.2) suggests that in the entire VSC
in Rwanda, the burden of cleaning vegetables is targeted only at FSEs. This reduction can be
attributed to process operations like washing and sanitization, trimming, peeling and cutting
that occur at FSEs. However these very process operations such as washing, have also been
pointed out as a potential source of contamination if mismanaged (35, 36). In this study,
evidence of infrequent contamination is demonstrated by the increase in microbial count during
salad preparation shown in Fig. 3.3. These results also show that the ability of FSEs to reduce
the microbial load differs among microorganisms indicating that the efficacy of the washing
and sanitization process depends on nature of microorganisms present in the vegetables, but
also on the effectiveness of the sanitation process. Effectivity of the sanitization process could
be improved by selecting and advising reliable sanitation techniques aiming at a lower mean
concentration in the final product. In addition the large standard deviation of the counts might
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be a target for improved hygienic practices during the salad sanitation and preparation
processes. Among the used IMOs, CP. staphylococci increased more dominantly during salad
preparation than the other studied IMOs and this contamination may be from food handlers.
The observed differences in microbial counts for various vegetable types (Fig. 3.1), the reported
high microbial counts in vegetables at start of salad preparation, and the observed possibility of
food handlers to contaminate salads during preparation, illustrates the complexity of controlling
microbial safety of ready-to eat vegetables.

Benchmarking of microbial counts in salads with regulatory requirements

The ability to reduce the microbial load of incoming vegetables by the majority of FSEs (88%)
is encouraging but regulatory requirements may still not be achieved. In Rwanda, guidelines or
regulatory requirements for ready-to-eat vegetables are yet to be determined, so we compared
our results with the guidelines from the United Kingdom (37). The Health Protection Agency
(UK-HPA) classifies total Listeria spp. as hygiene indicator with a maximum number of 10°
cfu/g and CP. staphylococci as pathogen (S. aureus) at 10* cfu/g. Enterobacteriaceae and APC
have no set limits since these IMOs are considered to be part of the normal micro flora of
vegetables (37). Fig. 3.4 shows that 91% (51/56) and 22% (12/ 56) of FSEs fulfill the guidelines
for S. aureus and Listeria spp. respectively.

Whereas Listeria spp. have been commonly associated with agricultural and produce
production environments (21, 31), the possibility of pathogenic Listeria spp. (Listeria
monocytogenes) being present cannot be ignored. Indeed confirmation of selected presumptive
Listeria strains isolated from farm vegetables (data not shown) revealed that 4 out of 99 isolates
were L. monocytogenes. Chapin et al. (21) reported that half of the samples where Listeria spp.
was isolated from produce production environment had L. monocytogenes and in some cases
(6% all Listeria spp. were L. monocytogenes. On the other hand, not all presumptive Listeria
spp. isolates may be truly Listeria spp., as Angelidis et al. (38) have reported non Listeria spp.
bacteria growing with closely similar colonies (bluish green) on the agar we used (Agar Listeria
according to Ottaviani and Agosti). Nevertheless, the high counts of presumptive Listeria spp.
reported in this study may indicate exposure to L. monocytogenes and risk of listeriosis to
consumers of vegetable salads especially the young, old, pregnant and immuno-compromised
individuals.
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CP. staphylococci
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Figure 3.4: Comparison of microbial levels in Ready-to-eat salads prepared in 56 food service establishments in
Rwanda with the requirements of the UK-Health Protection Agency for ready-to-eat vegetables: Listeria spp. less
than 10% cfu/g and coagulase-positive staphylococci (CP. staphylococci) less than 10* cfu/g. Points on the x- axis
were bellow detection limit.

Correlation between microbial counts in vegetables at start and at the end of salad
preparation.

In this study we also focused on the microbial load of the vegetables at the start of salad
preparation and how it can influence the microbial load in the final product (FSE - RTE). Fig.
3.5 shows the relationship between the initial microbial counts of IMOs in mixed vegetables at
the start of salad preparation (FSE-WMYV) and the microbial counts in ready- to-eat salads for
each FSE. The plots show that almost all points were below the line y=x —axis and no significant
correlation (r) between the FSE-WMV and FSE — RTE for all the four IMOs, ie. CP.
staphylococci (= 0.04, p = 0.974); APC (r=0.086, p = 0.528); Enterobacteriaceae (r =0.203,
p =0.134) and Listeria spp. (r=0.245, p = 0.073).

Researchers have highlighted a close relationship between the total mesophilic aerobic counts
on lettuce raw material and those on finished shredded lettuce product (39). However, in our
study the correlations between counts of in-coming vegetables and the counts of ready-to-eat
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were insignificant, suggesting that the quality of washing and sanitization plays an important

role in changing the microbial levels of ready-to-eat salads.
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Conclusion

In this study, we have investigated the trends in counts of IMOs along the VSC (farm, market
and FSE) in Rwanda. We have shown that the IMOs counts increased from farm to market
vegetables and that IMOs counts did not significantly change from market to FSEs (vegetable
before salad preparation). Overall at food service establishments, microbial counts were
significantly reduced by unit operations like washing with or without sanitizers,
trimming/peeling, with an average reduction of 2.1 log cfu/g from start to end of salad
preparation. We have also observed that counts of presumptive Listeria spp. and CP.
staphylococci in ready-to-eat salads from 78% and 9% of FSEs respectively, exceeded the
guideline established by the UK-HPA (37). We acknowledge that exceeding the guideline for
counts of these IMOs in ready-to-eat vegetables may not necessarily mean these vegetables are
unsafe for consumption. However, the trends in microbial counts presented in this study, should
alert the concerned stakeholders, risk managers, and policy makers about the importance of
microbial safety in this VSC. Consequently, it would be important in future to study and
understand the pre- and post-harvest practices, the mechanisms of contamination and the major
pathogens in the context of this VSC.
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Abstract

In this study, we tested farm vegetables and agricultural water for the presence of foodborne
pathogens, and evaluated farming practices of vegetable farms in Rwanda. Farm vegetable
samples were found to be contaminated with food borne pathogens at considerably high rate
(overall 15/99=15%). Specifically, the prevalence of pathogens in farm vegetables varied from
1.0% (1/99) for Listeria monocytogenes, 3.0% (3/99) for thermo-tolerant Campylobacter spp.,
5.1% (5/99) for Salmonella spp. to 6.1% (6/99) pathogenic Escherichia coli. In agricultural
water from rivers, lakes, lagoons, ground and marshlands, prevalence of DNA from pathogens
varied from 3.3 % (1/30) for Enteroinvasive E. coli (EIEC); 6.7% (2/30) for Enteroaggregative
E. coli (EAEC); 13.3% (4/30) for Enterotoxigenic E. coli. (ETEC) and Vibrio cholera; 20.0%
(6/30) for Yersinia pestis; 26.7% (8/30) for Francisella tularensis; 40% (12/30) for Cyclospora
to 86.7% (26/30) for thermo-tolerant Campylobacter spp. DNA of the following pathogens was
not detected in water: entero pathogenic E. coli (EPEC), shiga toxin producing E.coli (STEC),
Salmonella spp., L. monocytogenes, Burkholderia, Rickettsia, Toxoplasma gondii, Giardia
lamblia, Cryptosporidium, Entamoeba histolytica and Hepatitis E. About farming practices,
60% of the visited vegetable farms practiced irrigation and all the water used was from un-
protected sources (from marshlands [70%], rivers [18%], lakes [7%], runoff lagoons [5%]).
Over 80% of the farms applied overhead irrigation methods and none of the farms had
implemented measures to restrict to access of domestic and wild animals, while 50% of the
farms used untreated manure. The high detection rate of foodborne pathogens in agricultural
water in combination with the observed several risky farming practices forms a likely
explanation for the observed prevalence of pathogens in farm vegetables as reported in this
study and is of important public health concern if these vegetables are to be consumed raw.
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Introduction

Foodborne illnesses caused by microbial hazards contribute significantly to the global burden
of disease (1). In attribution studies, fresh vegetables have been reported among the major food
vehicles of foodborne microbial hazards or pathogens (2, 3). Fresh vegetables are known to
harbor significant numbers of epiphytic microorganisms, mostly nonpathogenic. However
during the “farm to fork” continuum especially in the open field cultivation, fresh vegetables
are exposed to environmental conditions or factors that can introduce all kinds of pathogenic
microorganisms; bacteria (4), parasites (5) and viruses (6). Once introduced to vegetable plant
structures, pathogens can become part of the resident microflora through attachment (7) and
internalization (8). With growing popularity of vegetables eaten raw, early detection, control
and prevention of factors that contaminate fresh vegetables along the supply chain is paramount.

Beuchat and Rhu (9) classified the sources of contamination for fresh vegetables into pre- and
postharvest factors. Pre-harvest factors include: irrigation water, soil, inadequately composted
manure, domestic and wild animals, among others, while postharvest factors mostly include:
human handling, equipment, containers, wash and rinse water, flying insects to mention a few.
In order to reduce the burden of foodborne illnesses due to fresh vegetables, it is important to
adopt preventive measures that have shown to be effective. Cognizant of this need, several
countries and international organizations like the World Health Organization (WHO) and the
Food and Agricultural Organization (FAQO) have since developed codes of practice, guidelines
and regulations (10-15) with measures that can be used to prevent and control microbial hazards
along the fresh vegetable supply chain. While these preventive measures have been
documented, the levels of implementation varies from region to region and country to country.

In this study, we investigated the farming practices, prevalence of foodborne pathogens in farms
vegetables and agricultural water in Rwanda. First, in vegetable farms, we observed farming
practices and also detected foodborne pathogens commonly implicated in outbreaks associated
with fresh vegetables (16) and Listeria monocytogenes, considered ubiquitous in plant
vegetation (17) and having high case fatality rate (18). Second, we analyzed agriculture water
for presence of DNA of 19 foodborne pathogens since water has been pointed out as a potential
major source of microbial contamination for fresh vegetables through irrigation, washing and
flooding (19, 20). The microbial profile of water from surrounding rivers, lakes, ponds/lagoons
and marshlands was also used to reflect on the associated environmental activities by humans,
livestock and wild life within the vicinity of vegetables fields.

Materials and methods

Study setup

Figure 4.1 shows an overview of the study location. Vegetable samples from Rwandan farms
were purchased and investigated for the presence of Salmonella spp., L. monocytogenes,
Campylobacter jejuni and pathogenic E. coli from February to October 2015. Sampling of farm
vegetables was done simultaneously with observation of farming practices with impact on
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microbial safety of fresh vegetables. In the second part, we extracted DNA from agricultural
water (i.e.. irrigation and on-farm postharvest wash water) and investigated the presence of
DNA originating from pathogenic microorganisms.
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taken. Water samples
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lagoons, ground water
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o
Southern .
Province o

TANZANIA

BURUNDI

Figure 4.1: Map of Rwanda showing study points in the four provinces and the City of Kigali [Source:
Adapted from Wikipedia (21) ]

Observation study of farming practices and field conditions

From February to October 2015, a farm review consisting of on-site observations and face to
face interviews with vegetable farmers was conducted in Rwanda (Fig. 4.1). The farm review
was based on the USA department of Agricultural (USDA) checklist for Good Agricultural
Practices (GAPs) and Good Handling Practices ( using partl- farm review section, Tab.3) (11).
Special focus was accorded to irrigation water, animal and human activity and compost manure
as part of the WHO — five keys to growing safer fruits and vegetables (12) and the % number
of farms falling in the * yes”, “no” or not applicable (NA) answers options was recorded. A
total of 198 farms were covered in the study, 29 farms in the Northern province, 59 in the
Western province , 34 in the Eastern province , 57 in the Southern province and 19 farms in
peripherals of the City of Kigali (Fig. 4.1). Selection of farms for the study was based on the
availability of vegetables in farms and one vegetable type was sampled per farm using the same
approach as in our previous related study (22). Vegetables understudy were, fruit (i.e..
cucumber, green pepper and tomato); subterranean (carrots, beet root, garlic and onion) and
leafy vegetables (lettuce, cabbage, celery and parsley).
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Sampling of farm vegetables

Each of the 11 types of vegetables were sampled 9 times leading to a total of 99 vegetable
samples which were purchased randomly from 99 farms. Sampling of farm vegetables was done
in line with the methodology employed in a previous related study (22). Briefly, for
subterranean vegetables like carrot, beet root, garlic and onion, the vegetable roots, tubers or
bulbs were uprooted, hand shaken to remove the attached soil and the aerial part cut off and
discarded. The samples of leafy vegetables such as lettuce, cabbage, celery and parsley
consisted of only aerial parts which were cut from the root base. For cabbage, ten heads were
collected from each farm. For the other farm vegetables, a pooled farm sample (~ 2kg) was
collected as far apart as possible. Sterile materials such as gloves and knives were used
throughout the sampling process and changed between each farm sample.

Sampling of agriculture water

A total of 30 samples of agricultural water (Fig. 4.1) i.e.., irrigation and on-farm postharvest
wash water were taken, i.e.. 6 samples from each of the 5 irrigation water domains as listed in
the Rwanda irrigation master plan (lakes, rivers, marshlands, ground water, runoff — reservoirs)
(23). Water sources or area for each irrigation domain were: Lakes; Muhazi, Mugesera,
Cyohoha, Mirayi, Rumira and Birira. Rivers; Mukungwa, Base, Nyabarongo, Akagera,
Muvumba and Akanyaru. Marshlands/valleys at; Yanze, Kajevuba, Jenda, Ruhengeri, Kamonyi
and Kajeke. Ground water sources (water from natural sand and rocks filtration collected from
boreholes and protected wells) at; Mukamira, Nyabihu, Gihinga, Kamonyi, Kigali and
Kiramuruzi. Runoff —reservoirs at; Kajevuba, Cyamabuye, Kabgwayi 1, Kabgwayi 2, Kabarore
and Rwagitima. Sampling of water was done according to ISO 19458 : 2006 (24) in sterilized
Schott glass bottle (DURAN®, Germany) and for each water source, 1L sample was taken.

Handling and transport of samples

All vegetables and water samples were immediately stored in cooling boxes with ice packs and
transported for 1-3 h to the laboratory and analyzed within 1h.

Isolation and confirmation of foodborne pathogens from farm vegetables

Preparation of laboratory samples from farm vegetables was done according to the methodology
used by Mukherjee et al. (25) with slight modifications. The ~ 2 kg field vegetable samples
were first sliced/cut into small pieces on a sterile stainless steel tray using sterilized knives,
gloves and thereafter mixed and quartered. Each quarter provided a sample for detecting one of
the four pathogens understudy (Salmonella spp., L. monocytogenes, thermo-tolerant
Campylobacter spp. and pathogenic E. coli ). These pathogens were isolated according to ISO
methods except for the modification where each vegetable analytical unit was weighed and
diluted in a 1:1 weight by volume (w/v) ratio with the enrichment broth/diluent (26)
homogenized by hand rubbing for 2 min and incubated at room temperature for 1h. Unless
stated otherwise, all culture media and consumables used were from Oxoid (Basingstoke, UK).

Salmonella spp.

Salmonella spp. was isolated from vegetable samples according to ISO 6579:2002 Amd 2007
(27) and confirmation reactions were applied by using the Oxoid Microbact GNB 24E
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biochemical identification kit for Gram-negative bacteria (Oxoid Ltd., Basingstoke, UK).
Positive controls were performed using Salmonella Typhimurium (LMG 14933).

L. monocytogenes

L. monocytogenes was isolated from vegetable samples according to ISO 11290-1: 1998/Amd
1: 2004 (28). Typical blue green colonies, with or without halo were harvested from Listeria
Agar according to Ottaviani & Agosti (ALOA). DNA was extracted from the blue green
colonies using the ‘Wizard genomic DNA purification kit” (Promega Corporation, Madison,
U.S.A.) following the manufacturer’s instructions for isolation of genomic DNA from Gram-
positive bacteria. For confirmation, real-time polymerase chain reaction (QPCR) targeting L.
monocytogenes characteristic genes was performed. Details of the primers, probes and cycling
parameters are listed in Table 4.1.

Thermo-tolerant Campylobacter spp.

Detection and confirmation of thermo-tolerant Campylobacter spp. from vegetable samples was
done according to ISO 10272-1: 2017 (29), except that Bolton broth was replaced with Preston
broth (higher sensitivity in presence of contaminants). For confirmation, suspected greyish
colonies on modified charcoal cefoperazone deoxycholate (mCCD) agar were picked, streaked
on Columbia+ horse blood agar (CAB) and incubated micro-aerobically at 41.5 °C for 48h.
Thereafter, five colonies (each sample) were further streaked on Rapid Campylobacter agar
(Bio-rad, Netherlands) and incubated micro-aerobically at 41.5 °C for 48h. Typical brick red
colonies were picked and grown on CAB for confirmation tests that consisted of microscopic
observation of morphology and motility test in combination with test for micro-aerobic growth
at 25 °C, aerobic growth at 41.5 °C, oxidase and catalase test as described in the ISO10272-1:
2006 (29). Positive controls were performed simultaneously using C. jejuni C356 strains
(chicken faeces; ASG-WUR, Lelystad, the Netherlands).
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Pathogenic E. coli

Escherichia coli were isolated from farm vegetables as blue green colonies on tryptone-bile-
glucuronide agar (TBX) based on ISO 16649-2: 2001 (48). The isolated colonies were further
tested for pathogenic E. coli; entero pathogenic E. coli (EPEC), shiga toxin-producing E. coli
(STEC), enteroinvasive E. coli (EIEC), enterotoxigenic E. coli (ETEC), enteroaggregative E.
coli (EAEC) using PCR based methods. STEC was specifically examined according to ISO/TS
13136:2012 (31). Details of the PCR methodology are presented in Table 4.1.

DNA extraction and detection of pathogens from agricultural water

DNA was extracted from agricultural water using the Power Water DNA isolation kit (MO BIO
Laboratories/QIAGEN Company, Carlsbad, CA, USA) following the manufacturer’s
instructions. Controls of sterile deionized water (1 L) and sterile deionized water (1 L)
inoculated with 1 mL of E. coli (LMG 8063) were included to evaluate the effectiveness of the
DNA isolation procedure. Using PCR based methods, the extracted DNA samples were
investigated for target genes of pathogenic E. coli (EPEC, STEC, EIEC, EAEC and ETEC),
Salmonella spp., thermo-tolerant Campylobacter spp., L. monocytogenes, Burkholderia,
Francisella spp. and Francisella tularensis, Vibrio cholera, Yersinia pestis, Hepatitis E,
Rickettsia, Toxoplasma gondii, Giardia lamblia, Cryptosporidium, Entamoeba histolytica and
Cyclospora. Details of the PCR methodology are presented in Table 1.

Results and discussion

Foodborne pathogens in farm vegetables

Table 4.2 shows detailed results for the tested pathogens in different farm vegetables. Out of
99 farm vegetables samples, L. monocytogenes was detected in 1.0% (1/99) of the samples,
thermo-tolerant Campylobacter spp., in 3.0% (3/99), Salmonella spp. in 5.1% (5/99) E. coli
pathotypes detected in 6.1% (6/99) of the samples. Generally one pathogen was isolated per
farm except for two farms where two pathogens were detected in each ie. Salmonella spp. and
thermo-tolerant Campylobacter spp. together in a lettuce farm from the southern province (Fig.
4.1) and another farm of parsley with Shiga toxin-producing E. coli (STEC) thermo-tolerant
Campylobacter spp. in the Northern province. Furthermore, generic E. coli as an indicator of
pathogenic microorganisms was isolated in vegetable samples from 76 out of 99 farms.

In farm vegetables, various researchers have reported differing prevalence for these pathogens.
Microbial risk differs from one locality (region or country), season to another and also greatly
influenced by level of implementation of GAPs in vegetable farms. For example, pathogenic E.
coli, serotype O157:H7 was reported at 0% [0/605] in USA (49) and [0/36] in Brazil (50) and
5% [3/60] in Greece (51). Salmonella spp. was at 2.7% [1/36] in Brazil (50), 15% [35/238] in
Nigeria (52), 50% [10/20] in Burkina Faso (53). Thermo-tolerant Campylobacter spp. were
reported at 3.0 [1/33] and 19 % [3/16] (54), 35% [90/255] in Malaysia (55). L. monocytogenes
in farm vegetables was reported at 0 % [0/33] in Canada (56) and 14 % [16/118] in Korea (57,
58).



Foodborne pathogens in farm vegetables |113

(1) Qonno[ 1 saua3o1fo0uout v1123SIT
- 0 (Oav3) 1702 7 oanedai3deoruy -
(€) uoruo (1) 101180 14 (0aLg) y702 7 dSwasixoj0IRUY -
- 0 (Od19) 402 "7 daiseauOIIUY -
(1) oyewoy ‘(1) Koysred 4 (DALS) 1702 77 Suronpoid-urxoy e3Yg -
- 0 (DddA) 1702 7 oweoyjedoroyuyg -
(1) orewo) “(¢) uoruo ‘(1) Aaysred ‘(1) jo1red 9 1702 *77 Jrudgoyred
(1) 200191 (1) Aoysxed (1) A19]90 IS “dds .1210nq0jAdwiny yueIa]0)-ouLIay |,
(1) o1pren (1) uoruo ‘(1) @9ny9] (1) 1001393q ‘(1) A19[0d S ‘dds pjjouowng
‘66 = U JO INO U01)IINIP
3d4) 91qe3a39A yoed a0y sapdures aanisod jJo JdquinN aanisod ym sardures yo JdqunN suagoyied

$91q®3959A uLIe} ul sudgoyjed dUI0qPO0J JO IUIBAALJ T H dqEL



114|Chapter 4

Pre-harvest factors and risk exposure assessment

Several pre-harvest factors have been reported to affect the microbial safety of fresh vegetables
in farms (9, 15). In this study, it also observed that the vegetable farming practices, settings and
conditions were closely similar (over 50 % score as shown in Table 4.3) throughout the studied
area and hence it was difficult to conclude from this study the exact contributing factor(s) of
the pathogens isolated in some farms. Further studies will be required to establish causal
relationship between the prevalence and trends of specific pathogens isolated in fresh
vegetables along the supply chain and their predisposing factors. Nevertheless, the high
detection of generic E. coli in vegetable samples from 77% of farms can already be an indication
of the significant contribution of zoonotic sources where vegetables in farms can be
contaminated via water usage, human activities, livestock and wild life, and compost manure
application as further discussed in our qualitative assessment in the following sections.

Water usage

Vegetables are commonly grown in marshlands and valleys to make use of the entrapped water
for irrigation and the available arable land since Rwanda is a high altitude country with the
lowest point at 950 m above sea level (59). About 60% of the visited farmers irrigated their
vegetables during the dry season, while the rest entirely relied on rainfall. Irrigation water was
sourced directly from marshlands (70%), rivers (18%), lakes (7%), runoff lagoons (5%) without
any further treatment. No farmer irrigated with ground water. Farm vegetables are mainly
irrigated by a combination of furrow and manual watering cans (62 % [ 78/125] of the famers
who irrigate) while in 11 % and 27% of farms, only furrow and manual watering cans was
singly used. The climate in Rwanda is temperate tropical with a temperature range of 12°C to
27°C, two rainy seasons from February to May and September to December and a dry season
from June to September (23). Figure 4.1a shows the prevalence of pathogen DNA in irrigation
water samples for the different water sources. Prevalence for EIEC was 3.3 % (1/30); 6.7%
(2/30) for EAEC; 13.3% (4/30) for ETEC and Vibrio cholera; 20.0% (6/30) for Yersinia pestis;
26.7% (8/30) for Francisella tularensis; 40% (12/30) for Cyclospora and 86.7% (26/30) for
thermo-tolerant Campylobacter spp. Figure 4.2b shows that overall prevalence of pathogens
DNA (number of positive samples) was highest for water from rivers (28%) followed by
marshland and run off/ lagoons (22%) and lowest in ground water (10%). The following
pathogens were not detected in any of the 30 water samples: EPEC, STEC, Salmonella spp., L.
monocytogenes, Burkholderia, Rickettsia, T. gondii, G. lamblia, Cryptosporidium, E.
histolytica and Hepatitis E. Comparing the results of this study to other studies in the African
region (although different test methods were used), Salmonella spp. was 19 % (37/200) in well,
piped and sachet water in Nigeria (60). In South Africa, ljabadeyini (61) reported 53% for
Listeria monocytogenes, and 42 % for Salmonella spp. from 36 samples taken 3 rivers/canal.
This study did not focus on the comparison of pathogens in farm vegetables and the nearby
agricultural water because only a few (four) pathogens were investigated in farm vegetables
compared to the 19 pathogens studied agricultural water. However in the Northern province,
ETEC was isolated in onion and carrot samples which corresponded with the ETEC DNA
detected in the nearby water sources.
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Table 4.3: Farms review checklist for good agricultural practices (GAPs) and good handling practices for
fresh vegetables. Number farms surveyed (n) = 198.

Question Farm aspect/ /GAP/Activity question % number of farms
No. under each answer
category

Yes No NA

Water usage

1. A water quality assessment has been performed to determine the
. L . 0% 63% 37%
quality of water used for irrigation purpose on the crop(s) being
applied.
2. A water quality assessment has been performed to determine the 0% 63 % 37 %
quality of water use for chemical application or fertigation method.
3. If necessary, steps are taken to protect irrigation water from potential 0 % 63% 37%

direct and nonpoint source contamination.

Sewage Treatment

4. The farm sewage treatment system/septic system is functioning 0% 0% 100 %
properly and there is no evidence of leaking or runoff.
5. There is no municipal/commercial sewage treatment facility or waste (0 % 0% 100 %

material landfill adjacent to the farm.

Animals/Wildlife/Livestock

6. Crop production areas are not located near or adjacent to dairy, 70 % 30 % 0%
livestock, or fowl production facilities unless adequate barriers exist.
9. Manure lagoons located near or adjacent to crop production areas are

0, 0, 0,
maintained to prevent leaking/overflowing, or measures have been D% W% B0

taken to stop runoff from contaminating the crop production areas.

7. Manure stored near or adjacent to crop production areas is contained 0% 7% 93 9%,
to prevent contamination of crops.

8. Measures are taken to restrict access of livestock to the source or 0% 100 0%
delivery system of crop irrigation water. %

9. Crop production areas are monitored for the presence or signs of wild 0% 100 0%
or domestic animals the entering the land. %

10. Measures are taken to reduce the opportunity for wild and/or 0% 100 0%
domestic animals from entering crop production areas. %

Manure and Municipal Biosolids
Option A: Raw Manure

11. When raw manure is applied, it is incorporated at least 2 weeks prior  62% 0% 38 %
to planting or a minimum of 120 days prior to harvest.

12. Raw manure is not used on commodities that are harvested within 62% 0% 38 %
120 days of planting.

13. If both raw and treated manure are used, the treated manure is
properly treated, composted or exposed to reduce the expected levels
of pathogens.

10% 53% 38%

14. Manure is properly stored prior to use. 7% 56%  38%
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Table 4.3 Continues...

Manure and Municipal Biosolids
Option B: Composted Manure

15. Only composted manure are used as a soil amendment. 28% 34% 38%
16. Composted manure are properly treated, composted, or exposed to
. o 4% 24%  38%
environmental conditions that would lower the expected level of
pathogens.
17. Composted manure are properly stored and are protected to minimize 0 % 28%  38%
recontamination.
18. Analysis reports are available for composted manure/treated 0% 62% 38%
biosolids.

Manure and Municipal Biosolids
Option C: No Manure/Biosolids Used

19. No animal manure are used. 38% 62% 0%
Soils
20. A previous land use risk assessment has been performed. 0% (}/00 0%
0
21. When previous land use history indicates a Soils Questions
possibility of contamination, preventative measures have been taken 0% 100 0%

0,
to mitigate the known risks and soils have been tested for &

contaminants and the land use is commensurate with test results.

22. Crop production areas that have been subjected to flooding are tested o 100 o
. . 0% o 0%
for potential microbial hazards. %
Traceability
24. Each production area is identified or coded to enable traceability in 100
0% o 0%
the event of a recall. %

NA, response denotes those GAPs or GHPs that are not applicable or practical to the farm situation in Rwanda

DNA detection in agricultural water (irrigation and on-farm washing water) has revealed
strikingly high prevalence of thermo-tolerant Campylobacter spp. (86.7%). In other studies, the
prevalence of thermo-tolerant Campylobacter spp. in environmental water sources was reported
at 19.3 % [50/260] in USA (62), 30.9% [37/120] in Belgium (63) and 55.3 % [162/293] in New
Zealand (64). Detecting DNA from Campylobacter and other pathogens may not necessarily
represent the presence of their living cells, but these results indicate a high risk of microbial
contamination and using this water to irrigate and or wash vegetables after harvesting may
present a major risk of microbial hazards.

This study revealed that rivers and marshlands had the highest prevalence of pathogen DNA,
implying that if this water is used for overhead irrigation of leafy vegetables (10), contamination
of the edible part of the vegetables may occur. Ground water had the lowest prevalence of
pathogens DNA, but this water is hardly used for irrigation in most developing countries.
Instead it is mainly targeted for household use (65).
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Human activity, livestock and wildlife

Population density is characteristically high in the farming areas, i.e.. in the main vegetable
growing areas of Musanze and Rubavu, it was reported in the national census in 2012 that there
were 694 and 1,039 inhabitants per sq.km (66). Mixed farming is common; domestic animals
(goats, sheep and cattle) were observed in the vegetable growing areas. We observed that
measures to restrict domestic and wild animals (15) from accessing crop production areas and
irrigation water were not implemented. In other countries, unrestricted animal access to
vegetable farms was observed in 60% [6/10] of the vegetable farms in Nigeria (67) and 23 %
[57/246] in USA (68).

The presence of zoonotic pathogens in environmental water indicates the possibility of human,
livestock and wildlife activities to introduce zoonotic pathogens either directly or indirectly
through runoff and erosion of land surfaces after precipitation (69). The high prevalence of
Campylobacter spp. in the studied agricultural water may be linked to the reported high
population (66) and livestock density per km? (70) but also due to the un controlled roaming of
livestock and wild animals in the environment (71), especially since this bacterium has been
detected frequently in fecal droppings (72). In addition, the pathogens detected in farm
vegetables (section 3.1) can also be attributed to humans and animals in vegetable growing
areas.

Compost manure application

With the increasing amount of livestock (70) , the use of animal manure is popular in Rwanda.
Compost and or raw manure application was used in 60% of the visited vegetable farms while
recommended storage (12) and treatment (15) of this manure was not yet implemented by over
50% of the farmers. Similar findings were observed in Nigeria (67) whereas only 2% of the
farmers in Minnesota applied raw manure, USA (68). Improperly treated animal manure has
been reported to harbor human pathogens (73), and in order to minimize these microbial hazards
in compost manure, measures such as active and passive treatment of manure have been
recommended (15).

Conclusion

Like in studies from countries with settings similar to Rwanda, i.e.. Nigeria (74), the Middle
East (75), farming practices that can expose fresh vegetables to a high microbial contamination
(15) have been observed in this study. With the growing population and the increasing amount
of livestock and production of fresh vegetables, risk managers will have to adopt sustainable
approaches (76) (77) to prevent or control the spread of pathogens in the human-plant-animal
interface. Efforts to address the challenges of microbial safety in farm vegetables will require
strict adherence to GAPs and GHPs. Farming practices are critical to control and prevention of
microbial hazards and in this study, serious gaps have been observed. Farmers will have to be
trained and or provided with an economic incentive/ legislation to impact behavior change and
improve on hygienic farming. In Nigeria, it was reported that farmers were generally unware
of the link between food safety practices and microbial contamination of fresh vegetables (74)
and their findings seem to be in line with the current study. Recommendations from
organization like the FAO (13, 15) and the WHO (12) of the United Nations should be adopted
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to guide practices on water use, compost manure, handling domestic and wild animals, human
activities and general environmental hygiene in vegetable farms.
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Abstract

Washing with or without sanitizers is one of the important steps designated to reduce or
eliminate microbial hazards in fresh vegetables but the settings, conditions and effectiveness
of this step remain contentious. In this study, we investigated kitchen scale salad preparation
practices in a field study in Rwandan food service establishments (FSEs) and conducted
laboratory trials to identify treatments that can improve reduction of microbial counts during
washing and sanitization. In the field study, vegetable samples (n=112) were taken from 56
FSEs before and after washing with or without sanitizer(s) to determine reduction of counts
of Enterobacteriaceae, Listeria spp., and coagulase positive (CP)-staphylococci coupled with
observation of the salad preparation practices from start to end. Based on the results obtained
during the field study, 8 sanitizers were evaluated in the laboratory to optimize the efficacy of
washing of leafy vegetables (corn salad, Valerianella locusta). Findings in the field study
revealed that about 61% of the visited FSEs used sanitizers during washing of fresh
vegetables, in particular, potassium permanganate (KMnOs) in 39 % of FSEs, sanitizing
powder (a mixture of polyphosphate, sodium hydrogen carbonate and active chlorine), 13%;
sodium hypochlorite (NaClO), 7 %; and sodium dichloroisocyanurate (NaDCC) in 2%.
Average inactivation ranged from 1.0 log (KMnOy4) to 3.1 log (NaDCC). In the laboratory
study, average inactivation observed with Listeria spp., Escherichia coli and Aerobic plate
count (APC) ranged from 0.7 log (water alone) to 3.0 log (NaDCC). Out of the 8 sanitizers
that were evaluated, 5 sanitizers (NaDCC [90 ppm], NaClO [200 ppm], lemon juice [98%],
acetic acid [2 %] and sanitizing powder [4 g/L]) resulted in significantly higher inactivation
compared to water alone. A contact time of 5 min and salad-sanitizer ratio of 1: 20 were
considered optimal for kitchen based washing of the studied leafy vegetables with NaDCC
and NaClO sanitizers.
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Introduction

A diet rich in vegetables has been associated with health benefits like reduced risk to cancers
and cardiovascular diseases (1). Consumption of fresh vegetables is increasing year by year
(2) and reports indicate that a large portion of these vegetables are consumed raw (3). At the
same time, the number of reported foodborne illnesses linked to fresh vegetables has been
increasing. In the United States between 1998 and 2008, produce (fresh vegetables and nuts)
accounted for 46% of foodborne illness (4) while a high number of outbreaks has also been
reported in the European Union (5). Etiological agents range from pathogenic bacteria (5)
(6) to parasites (7) and viruses (5, 8).

Washing with water is a crucial postharvest step designated to reduce or eliminate field dirt
and their associated microorganisms from fresh vegetables but this step also increases the
chances for microbial hazards to spread in the entire batch (9, 10). Chemical sanitizers can
be added to increase the efficacy i.e.. by preventing cross contamination (11), but maximum
reduction rates are typically around 3 logs (10). To date, efforts to further improve washing
and sanitization of fresh vegetables are ongoing especially in countries with a developed
commercial fresh cut industry (12-15). Such efforts include pilot and laboratory studies to
evaluate the efficacy of different vegetable sanitizers and washing techniques. In countries
with limited fresh cut industry, the washing and sanitization of fresh vegetables is mainly
done in kitchens of food service establishments (FSEs) and households during salad
preparation. However, it has been acknowledged that commercial washing and sanitization
conditions are not suitable for food service or home use, because the users lack technical
skills, knowledge, and equipment to apply treatments safely and effectively (9). So far few
studies (16-18) have targeted kitchen based washing and sanitization of fresh vegetables, but
also do not compare microbial inactivation in the field (FSEs or households) and in the
laboratory.

In this study, we seek to identify sanitizers, conditions, treatments and techniques that
enable targeted microbial reduction during washing and sanitization of fresh vegetables to
propose guidelines for FSEs and households. Our study consisted of a field study in which
practices for preparing vegetable salads were investigated with a focus on microbial
inactivation and a laboratory simulation of the washing and sanitization of vegetables in
FSEs based on the results from the field study to identify alternatives for improvement. The
field study was conducted in Rwanda, a country where vegetable washing and sanitization
is mainly done in FSEs and household level (19).

Foot note 1, Abbreviations

L (litres), FSEs (Food Service Establishments), NaDCC (Sodium dichloroisocyanurate), OWA (Organic washing aid),

SDBS (Sodium dodecylbenzenesulfonate), AA= Acetic acid (2%), KMnO4 = Potassium permanganate, SP = Sanitizing
powder, NaClO = Sodium hypochlorite.
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Materials and methods

Field study
Study description and sampling

The field study was conducted in food service establishments (FSEs) in Rwanda from
February to October 2015. We interacted face to face with managers and food handlers in
FSEs during salad vegetable preparations, observed the unit operations (especially washing
and sanitization steps) and took samples of vegetables for microbiological analysis.
Efficacy of washing and sanitization of fresh vegetables in FSEs was evaluated based on
the changes in counts of indicator microorganisms; APC (aerobic plate count),
Enterobacteriaceae, Listeria spp. and coagulase positive staphylococci (CP.
staphylococci).

FSEs were prepared for the study in a way reported in our previous related study (Ssemanda
et al., 2017). In summary, out of the 280 FSEs managers invited, 168 showed interest and
we were able to cover 56 of these FSEs in this study. Each FSE provided 2 samples, one
sample (1 - 2 kg) of whole mixed vegetables was taken before washing and another sample
(0.5 - 1 kg) after washing treatment, before cutting. Vegetables commonly used for salad
making were beet root, cabbage, carrot, celery, cucumber, garlic, green pepper, lettuce,
onion, parsley and tomato. Using sterile hand gloves, the 2 samples were placed and closed
in sterile plastic zip bags and thereafter, all samples were stored in cooling boxes with ice
packs and transported for 1-3 h to the laboratory and analyzed immediately.

Microbiological analysis

The 1-2 kg whole vegetable samples from FSEs as described in section 2.1.1 of different
types were sliced /cut into small pieces (20) on a sterile stainless steel tray using sterilized
knives and gloves for each sample and thereafter mixed. Then 25 g of analytical unit of
these samples were thereafter stomached (Model 400 Circulator, Seward, UK) in 225 mL
of maximum recovery diluent (MRD) for 1 min. Thereafter, tenfold serial dilutions were
prepared using MRD for the enumeration of FEnterobacteriaceae, APC and CP.
staphylococci and buffered peptone for Listeria spp. The culture media and consumables
used were from Oxoid (Oxoid Ltd., Basingstoke, UK). The enumeration was conducted
according to ISO methods i.e..; Enterobacteriaceae, 1SO 21528-2:2004 (21); APC, ISO
4833-1:2013 (22) ; CP. staphylococci, ISO 6888-2:1999 (23); and Listeria spp., ISO
11290-2:1998/Amd 1:2004 (24). For quality control of the media and positive controls of
the experiments in the field study, the following strains from the Belgian Coordinated
Collection of Microorganisms were used: i.e.. E. coli (LMG 8063) for Enterobacteriaceae,
Listeria monocytogenes (LMG 16783) for Listeria spp. and Staphylococcus aureus (LMG
8224) for CP. staphylococci.

Laboratory study
Preparing vegetables for the laboratory study.

Corn salad (Valerianella locusta) was selected in this study because leafy vegetables are
known for their high microbial attachment (25) and because they are eaten raw, easy to
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handle (require no cutting during washing) and available year round. For every
experimental set up, prewashed, ready to eat corn salads in unit plastic packages of 75g
were purchased from local supermarkets in Wageningen. At the start of every experiment,
samples of corn salad were taken for microbial analysis before artificial contamination
(inoculation) to examine the counts of Listeria spp., Escherichia coli, and APC originally
present.

Preparing strains and inoculum

Unless stated otherwise, the strains of nonpathogenic E. coli and Listeria spp. used in this
study were from the Leibniz Institute DSMZ - German Collection of Microorganisms and
Cell Cultures. E. coli strains were DSM 498, DSM 1756 and O2K (from Laboratory of
Food Microbiology, Wageningen University). Listeria spp. strains were L. seeligeri (DSM
20751), L. welshimeri (DSM 20650), L. innocua (DSM 20649). Methodology for preparing
of the inoculum was based on previous studies (26, 27) with slight modifications. The stock
culture of each bacterial strain from cryovials (-80°C ) were streaked separately on brain
heart infusion (BHI) agar (Oxoid Ltd., Basingstoke, UK) and incubated at 30°C for 24 h.
Thereafter, a colony from each strain was inoculated in 100 mL BHI broth and incubated
at 30°C for 24 h with agitation at 160 rpm. The cell cultures (10 mL each) were transferred
into sterile tubes and concentrated by centrifugation at 11000 x g for 2 min at 20°C and
thereafter the supernatant was removed and washed in 10 mL of peptone physiological salt
solution (PPS). The washing step was repeated twice and followed by resuspension with
10 ml of PPS. Microbial population of each cell suspension was determined by spiral
plating (Eddy jet spiral plater, Spain) 50 uL portions (-5, -7 dilutions) on BHI agar and
incubated at 30°C for 24 h (yielded levels of 6.5 to 9.5 cfu/mL). The suspensions were
stored at 4°C for further use and freshly prepared every week. Equal numbers of each strain
were combined to give a cocktail of strains containing approximately 9 log cfu/mL of either
E. coli or Listeria spp. To prepare the final inoculum, 5 mL of each cocktail were mixed
with 1 L of sterile deionized water.

Inoculating corn salads

For each experimental unit, 365 g of corn salads were dipped for 10 min in 5 L of the final
inoculum prepared as described in section 2.2.2. Thereafter, the corn salads were drained
and kept overnight in sterile plastic bags for 24 h at 4°C to allow microbial attachment (26,
28). This step was followed by taking three analytical corn salad samples of 10 g to
determine the counts of E. coli, Listeria spp. and APC attached to the leaves prior to the
washing and sanitization treatments (laboratory trials).

Screening sanitizers

Eight different sanitizers (Table 5.1) were procured, including those observed in the field
study in FSEs (Rwanda). Sanitizer solutions were prepared by mixing with tap water at
room temperature (20°C) in 15 L plastic vessels (disinfected with 70% ethanol). The tap
water used in the laboratory was from the Dutch supply system, reported to distribute
potable water (29) with a purification system that does not use chlorine disinfectants (29,
30). Unless stated otherwise the sanitization treatments were done by dipping 100 g of
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inoculated corn salad into 2 L of sanitizer solution (1: 20 (w/v) ) for 10 min while stirring
manually with sterilized gloves. The corn salads were removed, drained and taken for
microbial analysis without rinsing.

Effect of rinsing after sanitization

The possible effect of rinsing after sanitization on microbial counts was determined for the
100 ppm of NaClO and 10 min contact time condition. After the treatment, 20 g of samples
were dipped in 800 mL of tap water at 25°C in sterile zip lock plastic bags and constantly
shaken for 30 s mimicking the practical situation in FSEs.

Effect of sanitizer concentration and contact time

Sodium hypochlorite (NaClO) was selected as sanitizer for this part of the study. Inoculated
corn salad (100 g) were dipped into 2 L of sanitizer solution. Occasional agitation by hand
using sterile gloves during sanitization was done for the contact time of 2, 5, 10 and 15 min
and concentration of 50, 75, 100, 150 and 200 ppm. Tap water was used as control.

Effect of salad to sanitizer solution ratio

Ratios evaluated were 1:10 (50 g salad in 500 mL solution), 1:20 (50 g salad in 1000 mL
solution) and 1:50 (50 g in 2500 mL).
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Potential for cross contamination through used sanitizer solutions

Five batches of inoculated corn salad (each 50 g) were prepared and dipped one batch
at a time in the same sanitizer solution of 1 L NaDCC ( 90 ppm) for 5 min. Samples of
the 1%, 3" and 5™ batch of corn salad were taken for microbiological analysis.

Microbiological analysis

In the laboratory study, 10 g of corn salad were weighed into the stomacher bag and
stomached in 90 mL of MRD for 2 min. Thereafter, tenfold serial dilutions were
prepared as in section 2.1.2. and so was the enumeration of Listeria spp. and APC. For
E. coli, enumeration was conducted according to ISO 16649-2:2001(37).

Data analyses

Changes in microbial counts of each indicator microorganism were computed by
subtracting log transformed counts before and after washing treatment. Statistical
analyses were performed in IBM SPSS Statistics 22. In the field study, one way
ANOVA with Scheffe’s post hoc tests was used to compare the efficacy of sanitizers
used by different FSEs in washing salad vegetables. In the laboratory study, experiments
were repeated three times on different days and the error bars on the generated figures
represent standard deviation. One-way ANOVA followed by Tukey’s post hoc tests was
used to analyze the difference in efficacy of different washing treatments. Independent
and paired t-tests were used to analyze the effect of contact time and rinsing
respectively. Statistical significance was set at 0.05.

Results and discussion

Field study (salad washing and sanitization at FSEs in Rwanda)

At reception, the FSE chefs grade and sort the different vegetables (beet root, cabbage,
carrot, celery, cucumber, garlic, green pepper, lettuce, onion, parsley and tomato) to
remove those vegetables which are not fit for salads (the bruised, rotten and broken).
All vegetables are received as whole vegetables, no fresh cut vegetables are sold at the
markets in Rwanda currently. Average initial microbial counts in vegetables received at
FSEs before salad preparation were 6.8 £ 0.7, 6.0 + 0.8, 5.1 £ 0.7, 4.6 = 0.7 log cfu/g
for APC, Enterobacteriaceae, Listeria spp. and CP. staphylococci respectively. We
identified three major unit operations during salad preparation in which water was
involved: prewashing, washing with or without sanitizers (sanitization step) and rinsing.

Prewashing step

The prewashing step was practiced in 56 % of the visited FSEs, while the rest of FSEs
skipped this step and straightaway proceeded to the sanitization or main wash step. Food
handlers used running municipal tap water to wash whole vegetables.

Sanitization or main wash step

Practices varied from one FSE to another (Fig. 5.1); about 61% of the visited FSEs
washed vegetables with sanitizers, while others did not use any sanitizer but washed
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vegetables with either boiled water or containerized drinking water. The salad treatment
methods and the nature and concentration of sanitizers applied varied, some were used
much more often (in 22 FSES) than others (even sometimes only once).

Sanitizers
1.0 1 NaDCC Naclo Sanitizing KMnO, Water
- _ powder (=20 ppm) only
( 5n°=p$m) (- 2::2'“) (=4 glL) n=22_ n=22
n=7
0.0
1.0 4
d
-2.0
=30 4
40 4

mCP. staphylococci

OAPC

O Enterobacteriaceae OLjsteria ssp.

Figure 5.1: Microbial reduction due to washing with or without sanitizers during vegetable salad
preparation in food service establishments (FSEs) (n= 56). Error bars represent the standard deviation in
changes of microbial counts from one FSE to another. NaDCC = sodium dichloroisocyanurate, mixture
of 20-30 % weight of adipic acid; NaClO = sodium hypochlorite; Sanitizing powder is a mixture of
polyphosphate, sodium hydrogen carbonate and active chlorine; KMnO4 =potassium permanganate. Bars
of the same microbial indicator with a common letter under the different sanitizers do not differ
significantly. Significant differences in microbial counts for NaDCC sanitizer are not available (n = 1).

Sanitizers used were NaDCC (50 ppm), NaClO (20 — 30 ppm), sanitizing powder
(polyphosphate, sodium hydrogen carbonate, active chlorine; 4 g/L) and KMnO4 (10 —
30 ppm), applied in 2 %, 7%, 13% and 39% of the visited FSEs respectively. Contact
time of sanitizers was according to manufacturer instructions but varied between 1 to
10 min. The sanitization method was by dipping and all FSEs used tap water (same as
in prewashing step) to acquire the aqueous sanitizing solution. Food handlers had no
information on the quantity of vegetables that can be sanitized for a given amount of
sanitizer solution. Our investigation on the microbial efficacy of the applied sanitizers
(Fig. 5.1) revealed that the highest overall microbial reduction in the field study was
achieved with NaDCC (average, 3.1 log cfu/g) followed by NaClO (average, 2.1 log
cfu/g), sanitizing powder (1.4 log cfu/g), water only (1.3 log cfu/g) and the lowest for
KMnOy4 ( on average, 1.0 log cfu/g). Figure 5.1 also shows that reduction in counts of
CP. staphylococci was significantly lower for FSEs that used KMnO4 compared to those
FSEs that washed with NaClO.
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Rinsing step

Rinsing was the final step in which water was involved during salad preparation. From
one FSE to another, there were variations in the type and quality of water used. Out of
the visited FSEs, 54 % rinsed vegetables with boiled water, 6% with containerized
drinking water and 40% used municipal kitchen tap water (for microbiological quality
see section 3.2.3).

Laboratory trials (Laboratory study)
Microbial counts in corn salads

Sanitizing and washing of vegetables salads in the field study was simulated in
laboratory settings using artificially contaminated corn salad. Counts of APC in corn
salad before inoculation ranged from 6.5 to 8.0 log cfu/g. In 7 out of 15 samples of corn
salad, Listeria spp. (not L. monocytogenes) were detected in the range of 2.3 to 3.5 log
cfu/g while E. coli was not detected in any of the samples. Average initial microbial
counts in vegetables before washing treatments were 6.3 + 0.3, 6.6 = 0.1, and 7.1 £ 0.4
log cfu/g for Listeria spp., E. coli and APC respectively.

Sanitizer screening

Figure 5.2, shows the reduction in counts of Listeria spp., E. coli and APC after
sanitization of corn salad with different sanitizers and tap water. The highest mean
microbial reduction was induced by NaDCC (3.4, 2.8 and 2.9 log cfu/g for Listeria spp.,
E. coli and APC respectively) followed by lemon juice (3.0 and 2.4 log cfu/g for Listeria
spp. and APC respectively) and sanitizing powder (1.9 log cfu/g for E. coli) while the
lowest reduction was registered for tap water (0.9, 0.9 and 0.4 log cfu/g for Listeria spp.,
E. coli and APC respectively ). The mean microbial reduction due to washing corn salad
with tap water alone, was significantly lower (p < 0.05) than that of the sanitizers;
NaDCC (90 ppm), lemon juice (98%), NaClO (200 ppm), acetic acid (2%) and
sanitizing powder (4 g/L) for Listeria spp. and APC. For E. coli, only NaDCC (90 ppm)
and sanitizing powder (4 g/L) contributed to a significant higher reduction when
compared to washing with only tap water.

Results from our field and laboratory study on washing with tap water (without
sanitizers) were close to the 0.8 log reduction in aerobic mesophilic bacteria reported by
Nascimento et al. (31) in their study with lettuce leaves. Vijayakumar and Wolf-Hall
(32) also reported a 0.6 log reduction for E. coli when iceberg lettuce was washed with
distilled water. In experimental studies, microbial quality and safety of water can be
controlled but the situation may be different in practice. For example, in our field study
different water sources were used during the prewashing and rinsing of salad vegetables
in FSEs, yet studies (38) have reported that some water types were not potable in
Rwanda.
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Figure 5.2: Laboratory trials for the efficacy of different sanitizers on Listeria spp., E. coli and APC
(aerobic plate count) during the sanitization of corn salad for 10 min contact time and vegetable to
sanitizer ratio of 1: 20 (w/v), without rinsing. Sanitizers AA= Acetic acid (2%), Lemon = lemon juice
(98%), OWA = Organic washing aid (0.5%) consists of citric pulp extract, citric acid, glycerin and
demineralized water, KMnO4 = Potassium permanganate (25 ppm), SP = Sanitizing powder (4g/L) is a
compound of polyphosphate, sodium hydrogen carbonate and active chlorine, SDBS = Sodium dodecyl
benzene sulphonate (111 ppm), NaClO = Sodium hypochlorite (200 ppm), NaDCC = Sodium
dichloroisocyanurate (90 ppm), contains 20-30% weight of adipic acid. Bars with a common letter are
not statistically significant.

In our field study, KMnOj4 (mean 20 ppm) was the most applied sanitizer during salad
preparation in FSEs yet reduction in all counts were comparable to that of washing with
only tap water. Similar results were obtained with KMnO4 (25 ppm) in the laboratory
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study. Sukul and Sheth (39) reported the effect of KMnO4 (50-100 ppm) after washing
coriander leaves and microbial reduction varied from 0.4 to 1.4 log cfu/g. With a higher
concentration (200 ppm KMnO4), Amoabh et al. (16) reported a 2.5 log reduction after
washing lettuce. For all the sanitizers applied, KMnO4 had the lowest inactivation and
was not significantly different from washing vegetables with potable tap water.

In this study, acetic acid (2%) and lemon juice (98%) were the organic sanitizers that
caused significant reduction in microbial counts. For acetic acid (2%), our results were
in line with the study by Park et al. (40) where after washing lettuce, L. monocytogenes
and E. coli O157: H7 counts were reduced by 1.7 and 1.4 log cfu/g respectively. In other
studies, a 5 and over 2 log reduction was achieved for E. coli and APC counts
respectively with 35% white vinegar (1.9% acetic acid) (32). Our results obtained with
lemon juice as a sanitizers were in range with the study by Santos et al. (41) where a 2
log reduction of E. coli O157:H7 was achieved by washing lettuce for 15 min. In
contrast, Sengun and Karapinar (42) reported that 100% lemon juice reduced counts of
Y. enterocolitica on carrot from 7.2 log cfu/g to an undetectable level after 15 min
treatment. Antimicrobial effect of organic acids depend on the pH, type of acid and
strain of microorganism (43) and these acids have GRAS status (10). However using
higher concentrations of organic acids and long contact time targeting maximum
microbial reduction, can also result to sour and wilted appearance of especially leafy
vegetables (32), creating acceptability problems.

NaDCC gave the highest microbial inactivation rate (average 3 log cfu/g) for all the
studied indicator microorganisms, compared to other sanitizers in both the field and
laboratory study. These results are in line with a previous study (31) that found NaDCC
(200 ppm) was able to cause 3.2 log cfu/g reduction in aerobic microorganisms from
lettuce. In Western Africa, the use of NaDCC (100 ppm) to wash lettuce, led to a 2.7
log reduction of faecal coliforms (16). NaDCC was more effective than other chlorine
based sanitizers (NaClO, sanitizing powder) in both the field and laboratory study. This
advantage has been attributed to the ability of NaDCC to slowly decompose and liberate
HOCI and the capacity to maintain an appropriate level of active chlorine without
affecting the pH of the water (44, 45).

Rinsing after sanitization

In Figure 5.3, rinsing corn salads with potable water after applying a treatment of 100
ppm NaClO did not result to further significant reduction (p > 0.05) in the counts of
Listeria spp., E. coli and APC. Nevertheless, even though rising may not contribute to
further reduction in microbial counts, it is considered to be essential for other purposes
such as avoiding product quality deterioration (46) and removing undesirable sanitizer
by-products (47). However, rinsing and prewashing of salad vegetables should be done
with potable water to avoid recontamination. In many developing countries, water used
for drinking and preparing food is not microbiologically safe (48). A recent national
study in Rwanda has reported thermophilic total coliforms in the range of 4.3 (95% CI:
1.9 — 8.5) TTC/100mL for piped water and also raised concerns for possible microbial
safety problems in drinking water sources (38). On site measures to disinfect or kill
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pathogenic microorganisms in the water before salad preparation should be uniformly
practiced by all food handlers in these settings. In our field study some FSEs boil the
water before salad preparation and this approach seems to be practical for small scale

operations.
Listeria spp. E. coli

0.0 : . T
]
c
3
]
= -1.0 -
]
5%
tg 20 :
£=
Q
o)
c
®
= -3.0 -
o aNacClO (100 ppm) only

ONaCIO (100 ppm) + rinsing
-4.0 -

Figure 5.3: Effect of washing corn salads in sodium hypochlorite (NaClO) with and without further
rinsing on the counts of Listeria spp., E. coli and APC (aerobic plate count) for 10 min and vegetable to
sanitizer solution ratio (1: 20 w/v).

Sanitizer concentration

Different batches of inoculated corn salads were washed in tap water and in 50, 75, 100,
150 and 200 ppm of NaClO for 2, 5, 10 and 15 min at 25°C and pH 6.5 (Fig. 5.4). At
constant contact time, increasing concentration of NaClO from 50 to 200 ppm did not
result to significant higher inactivation. At the lowest contact time (2 min), there was no
significant effect of washing corn salad with either tap water or NaClO (all
concentrations) for APC, while for Listeria spp. and E. coli, the 100 — 200 ppm and the
50- 200 ppm NaClO respectively had a significant effect compared to tap water. APC
inactivation was the lowest compared to other indicators and this resistance to sanitizers
has been linked to the sufficient time of attachment and biofilm formation of natural
microflora in leaf matrix (32, 49, 50).

From our field study, a much lower concentration of 25 ppm was applied for NaCIO
compared to the 50- 200 ppm in the laboratory study and inactivation levels were in the
same range for both studies. Since increasing sanitizer concentration and washing time
has limited effect on microbial inactivation, sanitizer concentration ranging from 25
ppm for chlorine based sanitizers (NaClO and NaDCC) can best be adopted.
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Figure 5.4: Effect of sodium hypochlorite (NaClO) on counts of Listeria spp., E. coli and APC (aerobic
plate count) for different concentration and contact time with the same amount of vegetable to sanitizer

solution (1:20 w/v).



Efficacy of washing and sanitization of salad vegetables |141

Sanitizer contact time

Increasing contact time from 2, 5, 10 to 15 min did not significantly increase reduction
in counts of Listeria spp. and E. coli (Fig. 5.4) by NaClO. In other studies, a marginal
influence of longer exposure time was observed for chlorine sanitizer against L.
monocytogenes counts on lettuce (51). Since varying sanitizer concentration from 50 to
200 ppm NaClO was still important at 2 min to have a significant difference between
water and sanitizer, a contact time 5 min would be favorable for sanitization.

Salad: sanitizer solution ratio

Application of different ratios (1:10, 1:20, and 1:50) of corn salad to sanitizer solution
(NaDCC or acetic acid) did not result in different inactivation of Listeria spp., E. coli
and APC ( Fig. 5.5). However, at the 1: 10 ratio the leaves could not be submerged
completely, which is why this dilution rate cannot be recommended. Consequently,
targeting efficacy with minimal amount of sanitizer solution and avoiding excess waste
water, a 1: 20 ratio, can be adopted with respect to leafy vegetables. Further studies are
needed to determine the vegetable to sanitizer solution ratio for the different types of
vegetables like tomatoes.

Multiple batch sanitization

Figure 5.6 shows that no significant difference in the inactivation for the three microbial
indicators (Listeria spp. [ p = 0.903 ], E. coli [ p = 0.817 ] and APC [ p= 0.082] ) was
observed when 1 up to 5 consecutive batches of corn salad (1:20 salads to sanitizer
solution (90 ppm NaDCC ) were washed for 5 min in the same sanitizer solution. Studies
have shown that washing vegetables in water alone may result in transfer of pathogens
from vegetables to wash water (52-54). Sanitizers have been reported to inactivate
microorganisms in wash solutions once detached from vegetables surfaces (54) and also
can prevent cross contamination.
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Figure 5.5: Effect of washing a specified quantity of vegetables in varying volumes of sanitizer
solution on counts of Listeria spp., E. coli and APC (aerobic plate count). Two sanitizers were used,
sodium dichloroisocyanurate, (NaDCC, 90 ppm) and acetic acid ( 2% ).
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Figure 5.6: Reduction in counts of Listeria spp., E. coli and APC (aerobic plate count) after washing
different batches of salads in the same quantity of sanitizer solution (sodium dichloroisocyanurate, 90
ppm) for 5 min.

Recommendations for salad preparation in FSEs

Whereas this study has mainly focused on washing, sanitization and rinsing of fresh
vegetables, it is important to note that other factors can also affect microbial safety
during salad preparation in FSEs. Such factors include food handlers’ food safety
knowledge (55), health status (56) and personal behaviors like handwashing (57), cross
contamination from other food items like meat (58), hygiene of food contact surfaces
(59) and microbial safety of salad dressing ingredients.

As washing and sanitization is also affected by type of vegetables prepared (9), it is
important to note that the findings in this study may be more relevant for leafy
vegetables than for fruit vegetables. The practice at FSEs to mix different vegetables
during salad preparation will also require that these vegetables are treated separately to
carter for their structural differences that may affect the efficacy of washing and
sanitization. This study also mainly focused on bacterial indicators but different results
may be obtained with parasites and viruses that are reported to be more resistant to
especially chlorine based sanitizers (60). We have observed that salad preparation
practices vary from one FSE to another in the field study. To support harmonization of
these FSE practices and guideline development, the steps for salad preparations have
been reorganized as in Figure 5.7.
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At the reception step of FSEs, vegetables with damaged tissues should be removed as
they can provide nutrients for microbial proliferation and or allow entry of pathogens to
the interior of vegetable tissues (61) where this internalization can render washing and
or sanitization less effective. Storage of salad vegetables at FSEs should be done in way
to minimize cross contamination and growth of microbial hazards. Prewashing with
potable water should be done on whole vegetables to remove soils and organic load as
they can render the sanitization less effective (62).

As a major objective for FSEs during preparation, vegetable salads are supposed to be
fresh, organoleptically attractive and microbiologically and chemically safe. To achieve
these requirements during salad preparation, FSEs need to balance sanitization settings
such as sanitizer concentration and contact time. From this study it can be concluded
that for corn salads, a model for leafy vegetables, use of NaDCC (= 50 ppm) and NaClO
(25 — 50 ppm), sanitizing powder (4 g/L), lemon juice (98%) and acetic acid ( 2%) can
be applied for 5 min and a vegetable to sanitizer ratio of 1: 20. If FSEs are using tap
water, we strongly recommend onsite disinfection or boiling the water before
sanitization and rinsing of salad vegetables in developing countries.
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Globalization has led to increased international travel, trade and tourism, implying that people
from different countries now interact more often. This interaction among people has resulted to
drastic changes in cultures, life styles, eating behavior and food preferences (1). Changes in life
style include an increase in the consumption of convenient, ready to-eat foods and eating away
from home in canteens, restaurants and hotels. Trends in eating behavior and food preferences
show that a vegetable based diet is gaining popularity (2-4) year by year and a significant
proportion of these vegetables are consumed raw.

While the exchange of life style, eating behavior and food preferences is global, the level of
implementing food safety standards and guidelines (i.e.. GAPs, GHPs, HACCP ) continue to
vary from one region or country to another. All countries have limited resources and at times
experience a lapse in implementing food safety preventive and control measures leading to food
contamination which may later emerge as foodborne illnesses and or outbreaks. Food service
establishments (FSEs) have been implicated in foodborne outbreaks (5-10), yet it is not always
clear whether contamination takes place in these eating places or elsewhere along the food
supply chain.

This study was commissioned to analyze the microbial risk from “farm to fork™ along the fresh
vegetable supply chain in Rwanda to explore microbial safety options that can contribute to an
integrated system to detect, control and prevent foodborne infections. In approaching this study,
specific objectives were developed. The first objective was to estimate the burden of foodborne
infectious illnesses using the available data to obtain insight into the general plight of food
safety issues and to develop a framework for future investigations (Chapter 2). Second, an
investigation into the microbial safety status, handling practices and risk exposure factors was
conducted along the fresh vegetable supply chain (Chapters 3 to 5). This chapter discusses the
link between the previous chapters (1 to 5) and activities critical to microbial safety and
opportunities for improvement. Furthermore, the methodology and the outcome of analysing
the microbial risk from “farm to fork™ are presented next to the suggestions for approaching
microbial safety of fresh vegetables and the way forward for an integrated food chain system.

Burden of foodborne illnesses

While foodborne illnesses have been described as an old and known problem (11, 12), these
illnesses continue to cause substantial morbidity and mortality worldwide, burdening public
health systems and impeding social-economic development (13). Reasons highlighted for the
continuing burden of foodborne illnesses include: the insufficient implementation of effective
control measures, the emergence and re-emergence of foodborne pathogens, the increasing
potential of spread due to globalization, the changing patterns of microbial resistance to
antibiotics and the surging number of susceptible population (11, 12). Consequently, estimating
and reporting of foodborne illnesses is required to assess the burden nationally and globally to
direct and prioritize food safety policies and interventions (14). In line with estimating the
burden of foodborne illnesses, the World Health Organisation initiated a task group (FERG) in
2007 and also advised national governments to continually conduct studies on the burden of
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foodborne illnesses. To date, national studies on the burden of foodborne illnesses come from
few countries; England (15), United States (16), Netherlands (17), Greece (18), Canada (19).
The limited numbers of these studies has been associated with the challenges of operating an
elaborate disease surveillance systems and lack of required expertise.

In order to support efforts of estimating burden of foodborne illnesses in Rwanda and other
developing countries, we estimated the burden of food-related illnesses based on syndromic
surveillance data (Chapter 2) which is commonly available and affordable in resource scarce
settings. Study findings indicate that for the year 2013, watery diarrhea occurred all year round
as by the national notifiable surveillance system data, resulting to an estimated 672 (95%
credible interval [Crl] 424 — 932) DALY per million inhabitants, bloody diarrhea was seasonal
coinciding with the rainy months and caused an estimated 213 (95% Crl 50 — 475) DALY per
million, typhoid fever and cholera were sporadic with an estimated 73 (95% Crl 57 —91) and 1
(95% Cr1 0 —2) DALY per million respectively. Data gaps always characterise these studies on
estimates of burden of foodborne illnesses (20) and in Chapter 2 of this thesis, these data gaps
have also been presented. One of the major data gaps in the present study was that we could not
attribute the estimates of food related illnesses to any food vehicle based on the available data.
However, foodborne pathogens and or their indicators have been detected and isolated from
various food items in Rwanda, for example milk and milk products (21), raw meat (22) and
drinking water (23, 24). In the present study (Chapter 4), foodborne pathogens (Salmonella ssp.,
Listeria monocytogenes, Campylobacter spp. and pathogenic Escherichia coli ) were detected
in farm vegetables. Investigating the microbial safety of different food sources along the supply
chains and coupling with epidemiology data will improve burden of foodborne illness
estimates.

Microbial safety concern of fresh vegetables

Attribution studies have shown fresh vegetables among the major upcoming food vehicles for
foodborne pathogens leading to foodborne illnesses, but most studies and data come from
developed countries (25, 26). While production and consumption of fresh vegetables is
increasing in developing countries (4), there is limited information on their safety and
attribution to the burden of foodborne diseases. Farm vegetables in open fields can be
contaminated with human zoonotic pathogens through agronomic factors such as irrigation
water, flooding, soil, manure, human biosolids, dust, domestic and wild animals, human
activities (27-30). Studies indicate that, once introduced, human pathogens can attach (31, 32)
and or internalize in- (33, 34) and persist on the vegetable structures. In Chapter 4 we have
reported the prevalence of pathogens, Salmonella spp., Campylobacter jejuni, pathogenic E.
coli and L. monocytogenes in farm vegetables in Rwanda in comparison with studies from
studies from other countries. Although there can be postharvest contamination, it has been
argued that pathogens once introduced to vegetables during primary production, are difficult to
remove later by washing and sanitization (35). In chapter 3, we used indicator microorganisms
to investigate what happens to the microbial counts in fresh vegetables from “farm to fork”.
Our results show that microbial counts slightly increased from farm to market and to reception
at FSEs, but while at FSEs, salad preparation led to an average reduction of 2.1 log cfu/g. For
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pathogens like Salmonella spp. (where ingestion of one cell can cause Salmonellosis) (36) and
selected E. coli strains, their presence in farm vegetables even in low numbers means that they
can present a health risk to the consumers. Moreover in Chapter 5, field and laboratory trials to
identify the most effective sanitizer and washing technique showed that the maximum possible
microbial inactivation was around 3 logs with sodium dichloroisocyanurate as a sanitizer.
Pathogens, however, may be present in high numbers, so it is important not to rely on only
washing and sanitization but on a range of measures across the whole supply chain to prevent
and control pathogens from contaminating fresh vegetables. In order to estimate the risk to
consumers, microbial safety data along the vegetable supply chain was gathered and an analysis
of the microbial risk was conducted from “farm to fork™ for the vegetable supply chain in
Rwanda as presented in the next section.

“Farm to fork” risk analysis along the fresh vegetable supply chain

Risk analysis as fostered internationally by the WHO and FAO, is a systematic, disciplined
approach for making evidence based food safety decisions by competent authorities. Risk
analysis comprises of three overlapping components (Fig. 6.1); risk assessment, risk
management and risk communication (37). In risk assessment, science based information is
generated for risk managers to develop food safety policies from the available scientific options
(risk management). While exchange of information between risk assessors, risk managers,
consumers and other stakeholders is referred to as risk communication (37).

Risk
Communication

Risk
Assessment

Risk
Management

Science Based Policy Based

Figure 6.1: Components of Risk analysis [Source: FAO (38)].

Risk assessment

A quantitative microbial risk assessment was conducted in this study by using the data gathered
in Chapters 3 to 5. The processes of hazard identification, exposure assessment, hazard
characterization and risk characterization that are involved in risk assessment were followed
and presented in the following sub-sections of this chapter.
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Hazard identification

In the “farm to fork™ continuum, fresh vegetables can be exposed to three categories of
pathogenic microorganisms; bacteria (39), parasites (40) and viruses (41). In Chapter 4, we
tested farm vegetables and agricultural water for the presence of foodborne pathogens.
Prevalence of pathogens in farm vegetables varied from 1.0 % (1/99) for L. monocytogenes, 3.0
% (3/99) for thermo-tolerant Campylobacter spp., 5.1 % (5/99) for Salmonella spp. to 6.1 %
(6/99) pathogenic E. coli. In agricultural water from rivers, lakes, lagoons, ground and
marshlands, prevalence of DNA from pathogens varied from 3 % (1/30) for Enteroinvasive E.
coli (EIEC); 7 % (2/30) for Enteroaggregative E. coli (EAEC); 13 % (4/30) for Enterotoxigenic
E. coli. (ETEC) and Vibrio cholera; 20 % (6/30) for Yersinia pestis; 27 % (8/30) for Francisella
tularensis; 40 % (12/30) for Cyclospora to 87 % (26/30) for thermo-tolerant Campylobacter
spp. Table 6A.1 shows a summary of the pathogens detected in farm vegetables and agriculture
water in Rwanda and their associated health outcomes.

The findings on the prevalence of foodborne pathogens associated with farm vegetables in
Rwanda as presented in Chapter 4 can point to several pathogens as candidates for risk
assessment. The risk assessment in this study focused on pathogenic E. coli due to their high
prevalence, public health impact and association with the vegetable supply chain. Further
details on hazard identification of pathogenic E. coli are presented in the Appendix section of
this chapter.

Exposure assessment

Figure 6.2 shows the various routes in the vegetable supply chain in Rwanda. In chapters 4 and
5 of this thesis, findings are presented for the microbial risk exposure factors of fresh vegetables
from “farm to fork”. Based on these findings and other information from literature, such as that
from the Pang et al. study (42), a quantitative microbial risk assessment (QMRA) model was
developed for pathogenic E. coli from “farm to fork”. This QMRA was based on leafy
vegetables (lettuce) model developed in previous studies (42-45). The exposure assessment part
of the QMRA model was built in 4 modules: at farm, during transport, at market and at food
service establishments as discussed in details in the next sub-sections of this chapter. The
summary of variables, distributions, formula and data sources are presented in Table 6.1. All
simulations were conducted in @ risk 7.5 software (Palisade Corp., Ithaca, NY)) using 100,000
iterations making use of the Monte Carlo simulation technique (44).
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Imported

Vegetablesin Farms (99.5%) vegetables (0.5%)
. 0

2.5% 30% 60% % 2.5%
Y A
_> .
Farmers’/ Road side markets 51% > Intermgdmry
Suppliers
43% 6% 3% 97%
Y y
Town/ District Markets <
90% 10%
Y Y
90%
Supermarkets <
10%
Y Y Y A4 Y

Consumers ( Food Service Establishments (hotels, restaurants, bars), households

Figure 6.2: Structure of the vegetable supply chain in Rwanda. The consumers (hotels, restaurants,
households) can receive vegetables from any step of the chain. The percentages indicate the proportions of
vegetables channeled through specific routes.

At farm

Details of our evaluation of microbial hazards and risk exposure factors at farm level were
largely taken from Chapter 4 of this thesis. To estimate the prevalence and concentration of
pathogenic E. coli in vegetables at farm level, the approach was as follows:

In the QMRA model, there was no individual quantification of the risk from pre-harvest factors
like irrigation water, manure, and environmental pollution (Tab. 6.1), like it was in the study of
Ding et al (45). We assumed that these pre-harvest factors contributed to 6.1 % (6/99)
prevalence of pathogenic E. coli in farm vegetables reported in Chapter 4. Initial concentrations
of E. coli in farm leafy vegetables were adopted from a previous study in Lebanon (46, 47) a
country with conditions of the vegetable supply chain similar to Rwanda. The E. coli (generic)
levels (in positive vegetables) were reorganized into a Risk Pert distribution with the mean (1.3
log cfu/g) as the most likely value while the lowest and highest value were 0.7 and 7 log cfu/g
respectively. Furthermore, microbial counts in farm vegetables are reported to reduce with time
till harvest (43). In their study, Maffei et al.(43) modelled log reduction in Salmonella spp. as
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a function of 60 days between the initial contamination and the time of harvest. The approach
of Maffei et al. (43) was also applied in this study. Risk Uniform and Risk Normal distributions
were respectively used to model the days in the field after contamination and the log reduction
in the field.

At harvest, the prevalence and concentration of E. coli can also be affected by cross
contamination from contact surfaces of harvest containers and harvesters hands, on-farm
washing and refreshing of vegetables. These on-farm practices at harvest were also modelled
in this QMRA study (summarised in Table 6.1). During on-farm washing using the surrounding
surface waters, it is also possible there can be reduction in E. coli counts. Water alone led to a
0.9 + 0.2 log reduction during the washing of leafy vegetables (Chapter 5, this thesis) and this
log reduction was described by a Normal distribution. On the other side, on farm washing and
refreshing can also result to contamination of farm vegetables. In the study of Pang et al. (42)
as shown in Table 6.1, this contamination was computed as a function of levels of E. coli in
refreshing water, water holding capacity on a lettuce model (Risk Normal(0.108, 0.019, Risk
Truncate (0,)) ml/g) and the ratio of pathogenic E. coli to generic E.coli in washing water.
Levels of E. coli in surface water surrounding farm vegetables in Rwanda were reorganized
into a risk Pert distribution with the mean (2.0 log cfu/100ml) as the most likely value while
the lowest and highest value were 0.0 and 3.6 log cfu/100ml respectively (unpublished results,
this study). The ratio of pathogenic E. coli to generic E. coli in agricultural water in Rwanda
used in the study was 7/27, from Chapter 4 where the prevalence of pathogenic E. coli was 7/30
and from unpublished results where 3/30 samples had 0.0 cfu/100ml levels of generic E.coli.
The algorithm also caters for cross contamination by estimating and quantifying the number of
cells of E. coli transferred from and to farm vegetables (Tab. 6.1). Transfer rates of E. coli from
contaminated leafy vegetables to hands were adopted from Verhaelen et al. (48) by taking a
Risk Pert distribution of the transfer rate estimates of human norovirus from lettuce to hands.
A risk triangle distribution was applied to the transfer rates of E. coli form leafy vegetables to
harvest surfaces by assuming that the these surfaces are similar to those of the conveyor belt
surfaces in the Pang et al. study (42). Chen et al. (49) quantified transfer rates of bacterial cross
contamination from hand to lettuce in a RiskWeibull distribution, these transfer rates were also
adopted for this study. In their study, Jensen et al. (50) quantified transfer rates of E. coli O157:
H7 between fresh cut produce and common kitchen surfaces. This study adopted the transfer
rates from contaminated plastic surfaces in the Jensen et al. (50) study to represent harvest
containers to lettuce and described in a Risk Pert distribution. Furthermore, due to cross
contamination, for each washing or refreshing step the prevalence of pathogenic E. coli in farm
vegetables was multiplied by a factor of spread of cross contamination with a Risk Pert (1,1.2,
2) distribution from the Pang et al. study (42). A summary of associated functions and
calculations is presented in Table 6.1.

Transportation

Vegetables are transported by farmers, suppliers or traders using several means, non-specialized
vehicles, bicycles, carts and head carrying, and no refrigeration is involved. Vegetables are
transported at temperatures between 14 to 25°C [common temperature range in Rwanda] (51)
and in this study a Risk Pert distribution of 14 (low), 20 (most likely ) and 25 (high) ‘C was
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applied. Figure 6.2 shows the transportation routes. Major transportation routes include the
transportation of vegetables from farms to markets to FSEs (97.5%), while in some cases
vegetables are directly transported from farms to FSEs (2.5%).

In this QMRA study, the transportation time was described by a Risk Uniform distribution as
from previous studies (45). It was assumed that during transport there is growth and like from
previous studies (42, 44), primary and secondary models were used:

The primary model used to describe the growth of pathogenic £. coli was as shown in Equation
1.

log Nt = 10gN0 + n X e Eq 1

where N¢is the concentration at time t (CFU/g), No is the concentration at time 0 (CFU/g) and
u is the growth rate at a specific temperature (log CFU/g/h). To determine ., a secondary model
was used as in equation (Eq. 2) proposed by Ratkowsky et al. (52)

T X A 1 YOO Eq.2

where T is the temperature (in degrees Celsius), and b and 7y are regression constants. These
growth equations (Eq. 1 and Eq. 2) were used where applicable in other modules of this QMRA
study.

It was also assumed that the microbial growth rate due to transportation of vegetables between
farms and markets was equal to that between markets and FSEs. Transportation time from farms
to markets was about 0.5 to 3 h and the same time was assumed to be spent between markets
and FSEs. Therefore, the microbial growth due to transportation between farms and markets
was assumed to be equal to that growth due to transportation between market and FSEs.
Microbial contamination of fresh vegetable during transportation was considered minimal and
not included in the QMRA study.

At market

At market level, about 90 % of vegetables are sold in town and farmer markets, which are open
air structures with raised platforms and more than 20 vendors while the rest go through
supermarkets where vegetables are sold under refrigeration (This study). The overall
concentration of E. coli at market was generated from three modules; growth during display,
contamination during refreshing of fresh vegetables and cross contamination. The contribution
of these three modules to the concentration and prevalence of E. coli at market stage was
thereafter computed.

Depending on the vegetable type and market infrastructure, vegetables can be retained at market
from 1- 5 days and display temperatures are between 14 and 25 °C (51) for open air markets
(This study). Growth in E. coli levels during display at market was also modelled in a similar
way as during transportation. In these markets, vendors also refresh leafy vegetables with water
from nearby water sources (streams, rivers and tap water). Like during harvest at farm level,
this contamination was computed as a function of levels of E. coli in refreshing water, water



General discussion [159

holding capacity on a lettuce model (Risk Normal(0.108, 0.019, RiskTruncate (0,)) ml/g) and
the ratio of pathogenic E. coli to generic E. coli in washing water (Tab. 6.1). Cross
contamination can occur at market between fresh vegetables and market handlers and display
surfaces. The same distributions and variables for cross contamination at harvest in the farm
module were used for the market module (Tab. 6.1). In addition due to cross contamination, the
prevalence of pathogenic E. coli in vegetables at market stage was obtained by multiplying the
prevalence after the farm stage by a factor of spread of cross contamination as used in the Pang
et al. study (42).

At food service establishments (FSEs)

Figure 6A.1 summarises the steps involved at FSEs (This study). Details of the unit operations
involved at FSEs are presented as findings from the field study in Chapter 5. In the QMRA
study, growth rate of E. coli during storage at FSEs was modelled using the same approach as
in the previous steps (Eq. 1 and Eq. 2). The storage temperatures and time were around 2 — 8°C
and 2 to 48 h and were described by a Risk Pert distribution (Tab. 6.1). In previous studies(42,
53), a die off model (Equation 3) was applied for E. coli O157:H7 at temperature below 5 °C
and the same approach was used where applicable in this study.

10g(Ni / Ng) = -k X treeeeeeeeseeseeeeeee. Eq. 3
where Ni, No and t are as described in Eq. 1, while k is the death rate (log cfu/g/h).

Washing and sanitization is a crucial step in reducing microbial counts as was observed in
Chapter 3 and 5. A Risk Normal distribution was used to model the reduction of counts of
Enterobacteriaceae reported in Chapter 5 due to washing and sanitization of vegetables in the
field study with FSEs and it was assumed that the E. coli would be reduced similarly as
Enterobacteriaceae. A cross contamination module was also added in the same way as at
harvesting (Farm level) to represent possible exchange of E. coli during salad preparation in
kitchen surfaces and hands of handlers. Contamination due to washing water was not included
in the QMRA study, it was also assumed that the water used for washing and sanitization was
fit for purpose. The concentration of E. coli after the FSE stage was computed as presented in
Tab. 6.1. All counts of E. coli above log 7 cfu/g at FSES were truncated in further steps of the
QMRA study (Tab.6.1) as from previous studies (42, 43) to minimize unrealistic estimates of
the risk. It was assumed that all £. coli behaved like E. coli O157: H7 on fresh vegetables which
was reported to seldom grow above 7 cfu/g at room temperature [25 °C] (54). The contribution
of cross contamination was computed using the same approach as at market and farm modules.
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Dose-response relationship and risk characterization

A serving size of 50 to 100g per person was used in the QMRA based on observation from the
field study with FSEs (This study). The serving size was described by a Risk Normal
distribution with average set at 75g and truncated at 1 and 100 to minimize extremely low and
high estimate outcomes. To obtain the number of pathogenic E. coli cells ingested per
contaminated serving of leafy vegetables, the levels of pathogenic E. coli after FSEs salad
preparation was multiplied by the serving size (42). The dose response model used in this study
(Equation 4) was according to previous related studies (42, 44) which were based on E. coli
O157:H7 strain behavior in leafy vegetables. This study assumed that all pathogenic E. coli
strains behaved like E. coli O157:H7 on leafy vegetables.

P =12 (14 D/ BY® oo Eq. 4

where P is the probability of illness per contaminated serving, D is the number of organisms
ingested per contaminated serving, o and 3 are model parameters.

Annual per capita estimates for lettuce consumption in the United States of 5,888g used by
Pang et al. (42) were adopted for this study. In Rwanda, the majority of the work force
especially in urban centers have meals in FSEs (canteens, restaurants and hotels) during the
day. It was assumed that salad serving is mainly concentrated in urban centers in Rwanda, so
the urban population of Rwanda (58) for age of 4 and above were used in the calculations of
the annual number of servings consumed per year. Children below 4 years of age were most
likely assumed not be served with salads at FSEs. All further calculations for hazard and risk
characterization are presented in Table 6.1.

Intervention strategies (What if scenarios)

In the previous sections of this QMRA study, modules were developed based on the description
of conditions in which over 90% of the fresh vegetables go through along the supply chain and
herein referred to as the baseline model or route 1. Based on the pre-harvest and postharvest
factors as described in previous studies (28, 29), intervention strategies (what if scenarios)
summarized in Table 6.2 were assumed so as to observe the fold changes in the predicated risk
(estimated probability of illness and number of illnesses) compared to the baseline model.
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Table 6.2: Summary of measures and intervention (what if scenarios) as alternatives to
the base line model

No. What if scenarios Assumption

1 Modifying supply chain (Route 2) All vegetables are channelled straight from farms to food
service establishments (FSEs) without going through markets

2 Modifying supply chain (Route 3) All vegetables are channelled from farms via supermarkets
(built closed markets with specialized refrigeration systems)
to food service establishments (FSEs)

3 Modifying supply chain (Introduction of  All vegetables are kept under refrigeration temperatures (2
cold chain) and 8°C) from “farm to fork”. Introduction of a die off model

(Eq. 3)
4 Improving washing and sanitization at All vegetables are effectively washed and sanitized. A3 £0.5
FSEs log reduction was used in the simulation compared to 1.7+ 0.6
log reduction applied in the baseline model (Chapter 5 of this

thesis).
5 Avoiding cross contamination along the =~ Assuming no contamination and cross contamination
supply chain between vegetables and other surfaces at farm harvest,

market, and at FSEs.
6 Farm interventions Assuming that preventive measures and interventions (29) are
implemented at farm level to reduce prevalence and levels of

pathogenic E. coli in the base line model by 90%.

7 Farm to fork measures and interventions ~ Assuming that the scenarios 4, 5, 6 are combined.

Risk estimates

From the baseline model (represents over 90% of the current vegetable supply chain), the
number of cases per year and the probability of illness per serving of leafy vegetables
contaminated pathogenic E. coli were estimated with a mode of 12.1 million and 0.1
respectively. Compared to risk estimates from previous studies (Tab. 6.3), the estimates of the
probability of illness per serving in this study were high. In Colombia, the probability of illness
was set at a propounded benchmark 10 per year for Salmonella ssp. with lettuce, cabbage and
broccoli (60). However it should be acknowledged that these estimates include mild illness
from less harmful pathotypes of pathogenic E. coli viz. enterotoxigenic E. coli (ETEC) and
enteropathogenic E. coli (59). The estimates in this study were in close range with estimates
from countries with settings similar to Rwanda for other pathogens ie. Ghana (for Norovirus)
and Colombia (for Sa/monella spp.) (Tab 6.3).
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Table 6.3: Comparison of the estimates for the probability of illness per serving of

fresh vegetables due to various foodborne pathogens in different countries

Foodborne pathogen Average probability of Country Reference
illness per serving
Pathogenic E. coli 1.0 x 107! Rwanda This study
Norovirus 8.6 x 107! Ghana (61)
E. coli O157: H7 9.87 x 107 USA (42)
Salmonella spp. 7.4 x 10! Colombia (60)
Norovirus 3x10* EU (62)
Hepatitis A 3x108 EU (62)
Salmonella spp. 1.9 x 10% Brazil (63)
L. monocytogenes 2.7 x 107 Brazil (63)
L. monocytogenes 1.42 x 107 Korea (45)
E. coli 0157: H7 6.04 x 10°° Netherlands (64)
Salmonella spp. 6.83 x 107 Netherlands (64)
L. monocytogenes 1.23 x 10°® Netherlands (64)

* Estimates of probability of illnesses adjusted to per serving

Figure 6.3 and Table 6.4 summarise the results of the QMRA conducted in this study, while
further graphs are provided as supplementary material (risk assessments outputs).
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Compared to the baseline model, simulation of the 7 what if scenarios resulted to varying fold
changes in the predicted microbial risk (Tab. 6.4). The what if scenario of improving washing
and sanitization at FSEs resulted to a less than 2 fold change in the predicted microbial risk.
While a twofold change was observed for the what if scenario of channelling all vegetables
through supermarkets instead of traditional markets. Farms interventions to reduce the
prevalence and levels of pathogenic E. coli in the base line model by 90%, introducing a cold
chain and skipping the market step (Route 2) resulted to a tenfold reduction in predicted
microbial risk. The what if scenario of reducing of avoiding contamination and cross
contamination along the supply chain led to 1000 fold reduction in the predicted microbial risk.
Lastly, combing what if scenarios 4, 5, 6 in Tab. 6.2 (farm to fork measures) resulted to the
highest fold reduction of 1 million.

Food safety management options

Risk estimates should be analyzed and weighted in order to prioritize risk management
measures and interventions, not only for their effectiveness in improving public health, but also
for their feasibility and affordability. From the predicted risk results of this QMRA study,
approaches to change the type of supply chain in Rwanda may not be given priority by risk
managers except for the scenario of skipping the market step so that FSEs get vegetables
straight from farms. It can be observed from this study that changing the supply chain by
introducing a cold chain or refrigeration at market (supermarkets) may not address the microbial
risk associated with fresh vegetables. Instead, risk managers can focus on addressing the factor
leading to contamination and cross contamination from “farm to fork”. In Chapter 3, it was
reported that the washing and sanitization of salad vegetables at FSEs was the only step along
the supply chain where significant inactivation of indicator organisms was observed. From this
QMRA study and Chapter 5, it has been demonstrated this sanitization step alone cannot be
enough to address microbial safety concerns. Consequently, risk assessors and risk manager
should identify all the possible sources of microbial hazards along the entire supply chain and
device measures and interventions to address them and spearhead risk communication strategies
among stakeholders.

Aspects for risk communication along the vegetable supply chain

Farm level

Several factors such as irrigation water (65), organic manure (66), domestic and wild animal
(35) and human activity have been documented among the factors that can expose fresh
vegetables to microbial risk at farm level in various studies (28, 29), the WHO (30) and the
FAO (27, 67, 68). In Chapter 4 of this thesis, risky farming practices were observed in addition
to detection foodborne pathogens in farm vegetables and their DNA markers in agricultural
water. Moreover the findings in Chapter 3 with indicator microorganisms suggest that the
microbial levels at farm level greatly influence the microbial levels in ready-to-vegetables at
FSEs. In the QMRA study, applying farm measures and interventions targeting reduction of the
factors of spread and contamination by 90%, resulted to a tenfold decrease in the estimates of
the number of illnesses per year due to pathogenic E. coli.
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It is therefore important for stakeholders to implement guidelines that have been reported to be
effective and efficient in preventing microbial hazards at farm level. Various countries such as
Ireland (69) and United States (70) have developed guidelines while internationally, the WHO
(30) and the FAO (27, 67, 68) have continued to provide mitigation measures in addressing the
microbial hazards associated with farm vegetables. For each microbial risk exposure factor,
mitigation measures have been provided. For example, compost manure can only be used after
passive and or active treatment (67), agricultural water has to be protected from contamination
(68), domestic and wild animals have to be restricted from accessing the vegetable farms (27,
30). Ways of controlling the possible microbial contamination from vegetable harvest
equipment, containers and storage facilities have also been provided (30). Because majority of
the vegetable farmers in Rwanda are small scale, competent authorities should take a lead in:
¢ Developing microbial safety standards and guidelines for agricultural water, soils and
manure,
¢ Enforcing farm hygiene policies and provide training in sanitation to all farmers,

¢ Registering vegetable farmers for targeted extension services and identifying farming
areas to enable traceability in case of aggravated field microbial contamination,

% Assessing the vulnerability of agricultural water to microbial contamination to ascertain
the suitability of water for the intended use,

++ Conducting continuous field research to understand the trends in pathogens by seasons
or the factors leading to their variation,

+ Dissemination of information about microbial safety of vegetables at farm level.

Vegetable markets

In Chapter 3, it was reported that counts of indicator microorganisms increased slightly (<1.0
log cfu/g) at market compared to the counts at farm level. In the QMRA study skipping the
market resulted to 100 fold decrease in the microbial risk, indicating that this step also presents
a major avenue for the contamination of fresh vegetables. To address the possible microbial
safety concerns, it is important to implement GHPs aimed at hygiene of vendors and market
infrastructure. Avoiding cross contamination from other food items especially those of animal
origin. Measures to keep dust and flies away from open markets, wash fresh vegetables with
potable water, are all essential to improve the microbial safety of fresh vegetables at market
level

Food service establishments (FSEs) level

In this study, it has been reported in Chapter 3 and Chapter 5 that FSE is the only current step
where washing and sanitization of salad vegetables is done in addition to preparation steps (Fig.
6A.1 in the Appendix). Whereas it was reported in Chapter 3 that there was a significant
reduction in microbial counts of indicators microorganisms at FSEs, the salad preparation
processes varied greatly from one FSEs to another (Chapter 5). Major issues of concern to the
microbial safety of salad vegetables were, the type and conditions of sanitization application
(Chapter 5); microbial quality of vegetable wash water, cross- contamination and contamination
of salad vegetables from kitchen surfaces. To prevent and control microbial safety problems
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that can occur during salad preparation at FSEs, existing international (71, 72) and countries
guidelines (73) can be adopted.

In the QMRA study, improving washing and sanitization at FSEs by assuming that vegetables
were effectively washed and sanitized (3 + 0.5 log reduction) resulted 1 fold decrease in the
number of illnesses per year. However, the 3 log reduction during washing and sanitization was
only achieved by less than 2% of the visited FSEs. In chapter 5, potassium permanganate
(KMnOys) was reported to be the most applied sanitizer yet field and laboratory studies showed
that it resulted in the lowest microbial inactivation during salad vegetable washing. Chapter 5
also presents further recommendations which can be adopted during washing and sanitization
of fresh vegetables. For example, a contact time of 5 min and salad-sanitizer ratio of 1: 20 were
considered optimal for kitchen based washing of the studied leafy vegetables using Sodium
dichloroisocyanurate (NaDCC) and Sodium hypochlorite (NaClO) sanitizers. Therefore,
competent authorities should develop a policy on the use of sanitizers and a guideline for
kitchen based preparation of vegetables salads.

Competent authorities should also develop regulation for the design of kitchens in FSEs so that
they can comply to the minimum standards during construction and installation. These
standards and regulations will help in implementing measures to prevent cross contamination.
For example there should be a sufficient kitchen size to allow space for a separate salad
preparation area for the area were other food items like meat and fish are prepared.

Conclusion and future perspective

In Chapter 2 of this thesis, the estimates of the burden of illnesses from food-related pathogens
are presented and these estimates indicate the potential threat associated with foodborne
illnesses in Rwanda, as was reported in other parts of the Globe (13, 18, 74-76). Different food
sources can be responsible for these burden estimates (21, 23, 24, 77) but this study focused on
the potential contribution of microbial hazards associated with fresh vegetables. It has been
reported in Chapter 3 that there was an upward trend in pathogens’ indicator microorganisms
for fresh vegetables from farm to FSEs. Moreover zoonotic foodborne pathogens were detected
in farm vegetables at a prevalence of 15/99 (Chapter 4) in addition to the detection of pathogen
DNA markers in agricultural water some of which are known to be highly virulent.
Investigations of pre-harvest (Chapter 4) and postharvest (Chapter 5) sources of microbial
hazards along the vegetable supply chain reveal a lapse in implementing GAPs and GHPs. Also
in Chapter 3, we indicated that of the three main stages of the vegetable supply chain, farm,
market and FSEs, measures and interventions to prevent microbial threats are concentrated at
FSEs during washing and sanitization. In Chapter 5, however, it has was demonstrated through
field and laboratory trials that the settings, conditions and efficacy of washing and sanitization
at FSEs remain contentious. Following our findings in this study and the continued global
reports (27) and studies (25, 26, 78) about the potential threat posed by microbial hazards in
fresh vegetables, it is inevitable that every country should put in place measures and
intervention towards the assurance of microbial safety of fresh vegetables.

To attain microbial safety of vegetables eaten raw, the sources and factors that introduce human
pathogens into fresh vegetables in the “farm to fork” continuum have to be identified and
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targeted for preventive measures and interventions. In Chapter 1, the pre-harvest and
postharvest sources of human pathogens in fresh vegetables were discussed. What is
characteristic with these sources of human pathogens along the vegetable supply chain is that
they can all be traced back to the complex interconnectedness between plants, animals, humans,
and their ecosystem. Consequently, microbial safety of fresh vegetables cannot be isolated from
public and animal health. Zoonotic human pathogens crossover from domestic and wild animals
to fresh vegetables via direct contact, fecal droppings, manure and biosolids, sewage, irrigation
and other pathways and establish a new niche with epiphytic microorganisms. There is therefore
a need for strategic approaches to manage these pathogens in terms of drivers and sources,
factors of spread and persistence, and biology in different systems. One of the suggested
approaches so far include the “Global One Health” (GOH) (79), proposed by a group of
researchers at Wageningen university (Fig. 6.18) and the Manhattan Principles on “One World
One Health” (OWOH) (80).

economy

ocal

Regiona!

Global

uoi3n|oAd

Figure 6.4: Determinants of Global One Health and their interactions [ source: Fresco et al. 2015 (79)].

The GOH and the OWOH approaches both propose the need for combined multidisciplinary
efforts to improve the health of humans, animals and plants within sustainable ecosystems at
global level by using an integrated system to come to transnational and global policy, research
and practices (79, 80). As shown in Figure 6.4, the determinants of GOH interconnect; the
animal, plant and human interfaces are intra and extra linked and offsets at any level/factor, can
trigger a cascade of effects that can lead to highly undesirable health situations at local, regional,
continental and global scale (79). For example, due to excessive use of antibiotics in livestock,
antibiotic resistant human zoonotic pathogens have been introduced in the environment some
of which can now be traced in fresh vegetables. The encroachment on forest reserves have
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increased the wandering of wildlife into farming areas and as a consequence zoonotic pathogens
contaminate crops and irrigation water. It is global because the world is now a small village,
trade in fresh vegetables is international, travels have increased and tourism is a major economic
activity, vegetables salads are now very popular part of the menu in hotels and in households
especially in family celebrations. One meal with vegetable salads if contaminated has high
probability of causing illnesses to many people at once.

To achieve Global One Health (GOH) and move towards microbial safety, there is need for
political awareness and international agreements to bring together governments, the private
sector, researchers and educationists at both at national and international level to develop an
integrated system. Key areas for these actors include trade, health, agriculture, environment,
water management and rural development. This integrated system should aim at early warning,
monitoring, risk management and prevention of diseases at all stages of the vegetable supply
chain and the entire ecosystem. Key activities include:

+ understanding the role of biodiversity in maintaining healthy environments and the
functioning of ecosystems;

% determining the impact of land and water use in aiding the shifts in patterns of

pathogens;

conducting wild health surveillance and management;

linking public health management to environmental conservation;

developing new tools for diagnosis, estimating the burden- and prevention of foodborne

pathogens;

% solving institutional complexities and variability to identify synergies and areas of

overlap and stimulate institutional collaboration.

X3

S

X3

A

7
0.0

7
*

Currently in Rwanda, there is a need to establish or mandate an existing institution to co-
ordinate all public and private stake holders in matters relating to this integrated food chain
system. Education and awareness raising of stakeholders towards influencing social-
economic/cultural practices i.e. there are many challenges that will require a major shift in what
is considered normal to the culture in Rwanda. The culture of animal moving freely in farms
and sharing water with irrigation sources and wash water, hygiene in farms, the culture of
washing vegetables with surface and tap water yet people know that this water is not safe for
drinking, adjusting land tenure systems and settlements.

In conclusion, the study involved detecting foodborne pathogens and an investigation of the
handling practises and risk exposure factors. Indicator microorganisms were detected from
“farm to fork” and their counts can be used as signal for possible contamination at a given level
of the supply chain for urgent interventions. The food safety information generated from any
food chain should be relevant to food safety policy makers in developing evidence based
policies. In this study, a methodology to estimate the burden of foodborne illness was proposed
in Chapter 2 besides the QMRA study in this Chapter. This study focused on bacterial
foodborne pathogens commonly implicated in outbreaks attributed to fresh vegetables. Future
studies should focus on parasites and viruses and how handling practices affect their prevalence
and levels from farm to fork. Further work remains to be done regarding bacterial pathogens
such as the current global concerns of the raising trends in antibiotic resistance. Over all the
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approach used in this study can be adopted as a research framework for the integrated food
chain system to detect control and prevent foodborne illnesses along the fresh vegetables supply
chain and other food supply chains.
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Appendix
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Further details on Hazard identification: Pathogenic E. coli

In public health, pathogenic E. coli are among the major agents contributing to the global burden of
disease. In 2010, the WHO estimates show that pathogenic E. coli (ETEC, EPEC and STEC) resulted
to about 110 million illnesses, 60,000 deaths and 5 million DALY (13). Epidemiologically, ETEC has
been highlighted among and the main causes of traveller’s diarrhea and diarrhea in children under 5
years of age in developing countries (81, 82) and also listed among foodborne pathogens associated with
raw vegetables (83) and other unsafely prepared foods. In a review of leafy vegetables associated
outbreaks between 1973 and 2012, the Centres for Disease Control and Prevention (CDC) reported that
in the United States, EHEC was the leading cause of leafy vegetable outbreaks with a confirmed
aetiology (84). In 2011, there was a large outbreak (total of 3816 cases, including 54 deaths) in Germany
characterized by haemolytic-uremic syndrome (HUS) and bloody diarrhea caused by EHEC O104: H4
with the food vehicle being sprouts (85). A number of recent multistate outbreaks in the USA associated
with fresh vegetables includes the outbreak linked to organic spinach and spring mix blend in which 33
person were infected and two persons suffered from HUS (86) and another outbreak of E. coli O157:H7
infections linked to alfalfa sprouts reported by the CDC in March 2016 during which eleven people were
infected and two hospitalized (87). In 2007, there was a shiga toxin-producing E. coli (STEC) outbreak
in The Netherlands and Iceland linked to contaminated lettuce, shredded and pre-packed in a Dutch food
processing plant (88), and a lettuce outbreak in Sweden in 2005 (89). Furthermore, in July 2016, the
WHO was notified about the E. coli O157: H7 outbreaks related to mixed leafy salads in United
Kingdom where 105 patients were confirmed, four patients were hospitalized and two deaths (90).

Escherichia coli are Gram negative, facultative anaerobic bacteria of the family Enterobacteriaceae,
commonly associated with the intestinal micro flora of humans and other warm blooded animals. Most
E. coli are harmless, however in immunosuppressed individuals or when gastrointestinal barriers are
disrupted, even non-pathogenic strains can cause infection (59, 91). The infection due to pathogenic E.
coli are generally classified into three syndromes; urinary tract infection, sepsis/meningitis, and
enteric/diarrheal disease (59). Pathogenic E. coli strains can be identified in several ways. Most
commonly, E. coli are serotyped on the basis of their O (somatic), H (flagellar), and K (capsular) surface
antigen profiles, for example E. coli O157: H7 (59) or according to their virulence properties,
mechanisms of pathogenicity, clinical syndrome and or antigenic characteristics for which the six
pathotypes of E. coli have been categorized. In these six pathotypes, E. coli are further classified into
enterotoxigenic E. coli (ETEC), enteropathogenic E. coli (EPEC), enterohemorrhagic E. coli (EHEC),
enteroaggregative E. coli (EAEC), enteroinvasive E. coli (EIEC) and diffusely adherent E. coli (DAEC)
(59). The strategy of infection for these E. coli pathotypes is similar to that of other mucosal pathogens
i.e.. colonization of a mucosal site, evasion of host defences, multiplication, and host damage (59).
Specifically, diarrhea as one of the major illnesses due to pathogenic E. coli, is caused through
enterotoxin production (ETEC and EAEC), invasion (EIEC), and intimate adherence with membrane
signalling (EPEC and EHEC), although the pathogen-host interaction is quintessential of each
pathotype.
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Figure 6A.1: Flow diagram for salad preparation in Food Service Establishments (FSEs). Percentages indicate

the proportion of FSEs which practise a specific process- step or route.
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Stakeholders’ roles to address microbial safety issues along the fresh vegetable the supply chain

In this section, some important activities for a typical integrated food chain system are suggested with
focus on the vegetable supply chain.
At farm level

®,
o

2
EX3

o,
Q

o

®,
o

2
EX3
2
EX3
®,

o

®,
o

Registration of vegetable farmers for targeted extension services, identifying farming areas to
enable traceability in case of aggravated field microbial contamination.

Assessment of proposed vegetables growing area for possible microbial hazards by looking at
the topography, climate and geology.

Assessing the vulnerability of agricultural water to microbial contamination to ascertain the
suitability of water for the intended use.

Developing microbial standards and guidelines for agricultural water, soils and manure
Conducting corrective action activities to address soil and water microbial contamination
Ensuring that on-farm washing and rinsing of vegetables is done hygienically.

Ensuring farmers health and growing field sanitation

Reinforcing GAPs at farm level

Training of farmers on land preparation, manure use, good irrigation practices, and handling of
domestic and wild animals on farms

Enforcing and initiating measures to restrict access of livestock to the source of crop irrigation
water.

Monitoring vegetable farms for the presence or signs of wild or domestic animals entering the
growing area.

Assessing the microbial quality of water used for irrigation.

Proper treatment and storage of manure prior to use in the farms to lower the expected level of
pathogens

Conducting microbial analysis of composted manure/treated biosolids.

Conducting continuous field research to understand the trends in pathogens by seasons or the
factors leading to their variation.

Dissemination of information about microbial safety of vegetables at farm level

At market level

0,
”Qe

Infrastructural development including market structures, sanitation facilities, microbiologically
safe water and measure to restrict cross contamination.

Registering of vegetable vendors to enable food safety training programmes and traceability
along the supply chain.

Training of market vendors about food safety.

Developing and enforcing hygiene standards and guidelines.

Research and disseminating information about food safety at market.

At food service level

.
°g

Infrastructural development including hygienic design of FSEs, sanitation facilities,
microbiologically safe water and measure to restrict cross contamination in kitchens.
Registering of FSEs to enable food safety training programmes and traceability along the supply
chain.

Training of food handlers about food safety.

Periodic medical screening of food handlers

Developing and enforcing hygiene standards and guidelines.

Research and disseminating information about microbial food safety at FSEs.

At consumer level

0,
”g

Conducting consumer studies to understand food consumption trends and behavior.
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Training the general public about food safety and safe handling of food.

Educating general population to provide an essential function in the recognizing and reporting
of foodborne illness to public health authorities.

Surveillance of foodborne illnesses in the general population.

Estimating the burden of foodborne illness and their contribution to overall burden of disease.
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Other risk assessments outputs and graphs
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4. Farm interventions (reduction of prevalence of pathogenic E. coli by 90%)
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6. Maximizing Sanitization at FSEs
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7. Introducing cold chain
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Summary

Global consumption of vegetables and the associated reported foodborne illnesses have been
increasing in tandem. This study was commissioned to analyze the microbial risk from “farm
to fork™ along the fresh vegetable supply chain in Rwanda to explore microbial safety options
that can contribute to an integrated system to detect, control and prevent foodborne infections.
Specific study objectives were developed, the first being to estimate the burden of foodborne
infectious illnesses using the available data to obtain insight into the general plight of food
safety issues and to also develop a framework for future investigations. Second, to investigate
the microbial safety status, handling practices and risk exposure factors along the vegetable
supply chain.

To understand the overall impact of foodborne illnesses on human health in Rwanda the burden
of food related illnesses in year 2013 was estimated using the DALY (disability adjusted life
year) metric, as encouraged by the World Health Organization. DALY is a measure that
combines years of life lost due to premature death and healthy years lost due to disability during
sickness. Study findings indicate that for the year 2013, watery diarrhea occurred all year round
as by the surveillance system data, resulting to an estimated 672 (95% credible interval [Cr]]
424 — 932) DALY per million inhabitants, bloody diarrhea was seasonal coinciding with the
rainy months and caused an estimated 213 (95% Crl 50 — 475) DALY per million, typhoid and
cholera manifested as outbreaks with an estimated 73 (95% Crl 57 — 91) and 1 (95% CrI 0 —
2) DALY per million respectively. These data show that the health burden is high and we
suspect that a large proportion is caused by consumption of contaminated food.

Also investigated in this study, was the prevalence of foodborne pathogens in farm vegetables
and agricultural water (used for irrigation and on-farm washing of vegetables) in Rwanda. In
agricultural water from rivers, lakes, lagoons, ground and marshlands, traces in the form of
DNA from a wide variety of virulent pathogenic organisms were detected, including
enteroinvasive, enteroaggregative, and enterotoxigenic E. coli, Vibrio cholera, Yersinia pestis
and the parasite Cyclospora. DNA from thermo-tolerant Campylobacter spp. was found in 87%
of the samples. Although this does not mean that all these pathogens were still alive by the time
of detection; presence of DNA is an indication that the pressure of pathogens in agricultural
water and the environment is high. Indeed from 99 samples of farm vegetables, different viable
foodborne pathogens were isolated viz. Listeria monocytogenes (1%), Campylobacter spp.
(3%), Salmonella spp. (5%) and pathogenic E. coli (6%).

In addition to tracing the pathogens at farm level, selected indicator microorganisms were
investigated, to get an impression of their survival, growth and/or inactivation along the
vegetable supply chain. The latter was complemented with a detailed observation of handling
practices along the supply chain. The mean count of Enterobacteriaceae in 11 types of
vegetables increased slightly from farm to markets to reach an average of 6.0 log cfu/g upon
arrival at FSEs. During food preparation microbial counts were significantly reduced by
washing with or without sanitizers, trimming/peeling, with an average of 2.1 log cfu/g from
start to end of salad preparation. Ready-to-eat salads prepared by FSEs met the guidelines by
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91% and 22% for coagulase-positive staphylococci (10* cfu/g) and presumptive Listeria spp.
(107 cfu/g) respectively. Because washing and sanitization procedures differ from one FSE to
another, a laboratory study was designed to mimic the practices at FSEs with the aim to select
optimal washing and sanitization procedures. Findings in the field study with FSEs revealed
that about 61% of the visited FSEs used sanitizers during washing of fresh vegetables, in
particular, potassium permanganate (KMnOs) in 39 % of FSEs, sanitizing powder (a mixture
of polyphosphate, sodium hydrogen carbonate and active chlorine), 13%; sodium hypochlorite
(NaClO), 7 %; and sodium dichloroisocyanurate (NaDCC) in 2%. Average reduction ranged
from 1.0 log (for KMnOs) to 3.1 log ( for NaDCC). In the laboratory study, average inactivation
observed with indicator microorganisms ranged from 0.7 log (for water alone) to 3.0 log (for
NaDCC). Out of the 8 sanitizers that were evaluated, 5 sanitizers (NaDCC [90 ppm], NaClO
[200 ppm], lemon juice [98%], acetic acid [2 %] and sanitizing powder [4 g/L]) resulted in
significantly higher inactivation compared to water alone. A contact time of 5 minutes and a
salad-sanitizer ratio of 1: 20 were considered optimal for kitchen based washing of the studied
leafy vegetables with NaDCC and NaClO sanitizers. This study also reveals that the most
widely used sanitizer (25ppm KMnOs) was not more effective than washing with only water
and an indication that a policy, guideline or regulation on kitchen based washing and
sanitization of salad vegetables should be enacted.

The high prevalence (15%) of foodborne pathogens associated vegetables at farm level and
increasing trends in levels of indicator microorganisms from farm to FSEs, raises concern about
the potential presence of foodborne pathogens in ready-to-eat salads. By using @risk software
(Palisade Corporation, Ithaca, NY, USA) and Monte Carlo simulation (100,000 iterations), the
number of cases due to serving leafy vegetables contaminated pathogenic E. coli have been
estimated with a mode of 12 million cases of illness per year and 0.1 probability of illness per
serving. These estimates can be considered high compared to previous risk assessments in other
countries. However it should be acknowledged that these estimates also include mild illness
from less harmful pathotypes of pathogenic E. coli. viz. enterotoxigenic E. coli (ETEC) and
enteropathogenic E. coli. To further advise risk managers, seven “what if scenarios” were
simulated to compare with the baseline model. The scenario of improving washing and
sanitization (3.0 log reduction) at FSEs resulted to a less than 2 fold change in the predicted
microbial risk. While a 2 fold change was observed for the scenario of channelling all
vegetables through supermarkets instead of traditional markets. Farm interventions reducing
the prevalence and levels of pathogenic E. coli in the base line model by 90%, the introduction
of a cold chain and skipping the market step, all resulted to a 10 fold reduction in predicted
microbial risk. The scenario of reducing or avoiding contamination and cross contamination
along the supply chain led to 1000 fold reduction in the predicted microbial risk. Lastly, farm
to fork measures combining three different scenarios ( avoiding contamination from farm to
fork, farm interventions (90% reduction) and improving sanitization) were predicted to reduce
microbial risk by a factor of 1 million.

Risk estimates should be analyzed and weighted in order to prioritize risk management
measures and interventions, not only for their effectiveness in improving public health, but also
for their feasibility, acceptability and affordability. From the predicted microbial risk in this
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study, approaches to change the routes or temperatures of supply chain in Rwanda may not be
given priority by risk managers except for the scenario of skipping the market step so that FSEs
get vegetables straight from farms. It can be observed from this study that changing the supply
chain by introducing a cold chain or refrigeration at market (supermarkets) may not address the
microbial risk associated with fresh vegetables. Instead, risk managers can focus on addressing
the factors leading to contamination and cross contamination from “farm to fork”. It has been
demonstrated in this study that washing and sanitization at FSEs alone (current practise) is not
enough to address microbial safety concerns. Consequently, risk assessors and risk manager
should identify all the possible sources of microbial hazards along the entire supply chain and
devise measures and interventions to address them and spearhead risk communication strategies
among stakeholders. This study recommends embracing the concepts of “Global One Health”
in order to move towards sustainable microbial safety of fresh vegetables in Rwanda and the
Globe.

We hope that the results from this study will be helpful for policy makers and risk managers,
not only in approaching the microbial safety concerns of vegetables along the supply chain but
also in developing national integrated food chain systems.
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