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1.

Introduction

The right to safe food is enshrined in the Kenyan constitution. Through their
jurisdiction over matters of agriculture – specifically crop and animal husbandry,
abattoirs, and veterinary services – and health, including the licensing and control
of undertakings that sell food to the public, county governments in Kenya have a
critical role to play in meeting this obligation to their citizens.

Food safety has ‘public good’ characteristics and requires sufficient public investment.
Appropriate budgetary allocation for food safety investments, requires that county
governments understand the current costs of foodborne disease (FBD), as well as the
gains they could achieve through improved public capacity to manage food safety
risks. However, due to limited availability of data attributing ill-health to specific
causes, as well as general under-reporting of health complaints to medical systems,
estimates of the health and economic costs of foodborne disease (FBD) in Kenya exist
only at the national level. In the context of devolution, the lack of county-specific
estimates constitutes a barrier to effective policy-making regarding the control of
FBD. In this study, we combine recent national estimates of the health burden
attributable to FBD from the World Health Organization (WHO) with county-level data
on diarrhea rates to estimate the health and economic burdens of FBD for Murang’a,
Laikipia, Nakuru, Nyandarua, and Nairobi counties.

We then summarize recent evidence on the link between public investment in food
safety capacity and foodborne disease burden in low and middle-income countries.
Based on this evidence and a comparison of the costs of FBD versus current county
allocations to food safety, we argue that additional funding to manage food safety
risks in the five counties reviewed is required to address these risks.

In the following section, we describe the importance of diarrheal disease as the subcategory of foodborne disease with the greatest global health impact. In Section 3,
we present estimates of health burden and associated productivity cost of FBD at the
county level, and compare this against the budget allocations to management of food
safety by risk Murang’a, Laikipia, Nakuru, Nyandarua, and Nairobi counties.

Household-level correlates of diarrheal illness, which confirm the link between
consumption of high-risk foods and illness, are described in Section 4. In Section 5,
we summarize recent evidence on the link between public investments in the
management of food safety risks and health outcomes. In the final section we
conclude that based on the evidence available, increased public investment in food
safety at the county level is likely to be justified.

2.

Foodborne diarrheal disease

At 549 million cases per year, pathogens transmitted by food represent 90 percent
of the global burden of diarrheal diseases (Havelaar et al., 2015).1 Diarrheal FBDs
accounted for 55% of FBD related premature deaths and 54% of loss in FBD
associated Disability-Adjusted Life Years or DALYs (Havelaar et al., 2015).2 Taking a
different approach, some studies on the cost of care and illness, one study pegged
the cost of illness for food borne diarrhea at KSH 1,034 in Nigeria and KSH 4,136
for Ethiopia per case (Grace et al., 2018 as cited in Jaffee et al., 2018).3

While children under 5 years of age represent 9 percent of the global population,
they account for 38 percent of all cases of foodborne illness, 30 percent of
premature deaths, and 40 percent of the DALYs (Jaffee et al., 2018). Such public
health costs translate into economic costs through channels such as the costs of
care, lost economic productivity among caregivers and, in the case of adult
illnesses, among those who fall ill.

Diarrheal disease is strongly associated with stunting among children. These diseases
are spread through ingestion of microorganisms found in the fecal matter of infected
1

In addition to foodborne transmission, these pathogens may also be transmitted via contaminated water, soil,
and direct contact with infected animals and people.
2
The disability-adjusted life-year (DALY) is a common metric used by health researchers and policy makers to
describe the burden of ill-health. One DALY can be thought of as one lost year of healthy life. Each year that a
person dies before their potential life-expectancy is equal to one DALY, and each year lived with a health condition
is equal to a partial DALY, with a standard value assigned to each health condition based on the quality of life with
that condition.
3
USD to KSH conversion employs 2017 yearly average exchange rate of USD 1 to 103.4 KSH.

people and animals. Vegetables can become contaminated with these
microorganisms if untreated human or animal waste is used to fertilize crops or if
sewage runoff or animal waste enters bodies of water used for irrigation. Meat and
meat products can be contaminated if the animals themselves are infected, or if fecal
matter from the animal comes into contact with products to be consumed. Any type
of food can become contaminated if someone who handles food - be it the farmer
who grows it, the broker who trades it, the vendor who sells it, or the consumer who
prepares and stores it - has not washed their hands thoroughly after using the toilet,
or has shaken hands with someone else who has failed to practice good hygiene. In
addition, if food is uncovered, flies can spread microorganisms from the environment
(where animal and human feces may be present) to food.

While water and person to person contact are also important routes of
transmission, a major pathway of diarrheal pathogens into the body is through
contaminated food. One study attributed 25% of the stunting burden to the
repeated diarrheal episodes (Checkley et al., 2008).

As physical stunting also implies a failure to reach cognitive potential, the impacts
of diarrheal disease longer-term implications beyond the near-term health and
economic costs of foodborne illness. Diarrhea is further disproportionately
concentrated in African and Asian countries, with just 15 such countries, including
Kenya, accounting for 53% of total global episodes (Walker et al., 2013).

3.

Quantifying the burden of diarrheal
foodborne disease in 5 Kenyan counties

In this section, we estimate the burden of diarrheal and overall foodborne disease
in Kenya as a whole, and the five counties of interest for this report. We begin by
estimating the proportion of diarrhea transmitted through food, using findings from
the 2015 WHO report on the global burden of FBD (World Health Organization,
2015). As data specific to Kenya is not available, we use regional estimates for
Africa as a whole. For each pathogen, we multiply the African regional estimate of
the number of DALYs per 100,000 people (column 2), by the proportion of
transmission estimated to be foodborne in the region (column 3). This gives the
values in column 4, which are then summed, and divided by the DALY burden of

Table 1: Diarrheal disease attributable to food sources in sub-Saharan Africa

diarrheal disease per 100,000 (col 2, row b), plus the burden of invasive diseases of
which diarrhea is a symptom (col 2, rows m and n). Through this calculation, we
estimate that the total proportion of diarrheal disease in Africa transmitted through
food is 29%.

Next, we apply the percentage of diarrheal disease estimated to be foodborne to
diarrheal disease rates calculated from the most recent publicly available round of
the Kenya Demographic and Health Survey (KDHS), a nationally and regionally
representative survey conducted by the Kenya National Bureau of Statistics (Kenya
National Bureau of Statistics, 2015). While the KDHS is not representative at the
county level, the data contain more observations on child diarrhea per county than
any other available source.

As shown in Table 2, over 15% of Kenyan children under 5 years of age had
suffered diarrhea within the two weeks prior to being surveyed, according to the
child’s primary caregiver. At 15.7%, the predominantly urban county of Nairobi has
the highest diarrhea rate among the five counties on which this report is focused.
While not all diarrheal disease results from foodborne pathogens, we estimate the
likelihood of foodborne diarrheal disease over the past two weeks using the
estimate of 29% as calculated in Table 1. Using this approach, we find that 4.4% of
Kenyan children under five years of age suffered from foodborne diarrhea over the
two weeks preceding the survey. Among the counties studied, the estimated rate of
foodborne diarrhea ranges from 3.2% (Murang’a) to 4.6% (Nairobi).

Using the most recent available estimate of the number of diarrheal child deaths
per 1000 live births for Kenya (UNICEF, 2018), we extrapolate county-level
diarrheal death rates per 1000 based on county-specific diarrhea rates relative to
the national average.4 We then multiply this rate by population figures found in
County Integrated Development Plans and reported by the National Council for
Population and Development (2015) for Kenya as a whole5 (Col 5), and divide by
five to come to an estimate of the annual number of child deaths due to foodborne
diarrheal disease (Col 7). We conclude that 1,328 children die each year in Kenya
due to diarrheal FBD. Across the counties studied, the number of child deaths
ranges widely, mostly based on population. In Nairobi, the number of children who
die each year due to diarrheal FBD is estimated at 134, while Laikipia, which has a

4

For each county, we multiply the Kenyan rate of 3 child deaths per 1000 live births by the ratio of that county’s
diarrheal rate (Table 2, Col 1) over the country-wide diarrheal rate of 15.1%.
5
County-level estimates for 2018 are used. A national estimate is available only for 2017; we multiply this by the
2.9% annual growth rate reported by NCFP (2015) to come to an estimate of the national population in 2018.

smaller population, experiences an estimated 11 such deaths per year. Details of
the calculations behind this table are included in Appendix Table 1.

Estimating the overall health burden per county due to all foodborne diseases,
including those for which the symptoms do not include diarrhea, requires the
assumption that the incidence of these other diseases varies across counties in
proportion to diarrheal disease. Given that general food hygiene practices are likely
to reduce both diarrheal and microbial risks, which account for the vast majority of
FBD, in roughly equal measure, we apply this assumption to come up with the
estimates shown in Col 8 through Col 10 of Table 2.

We translate the WHO estimate of 1,140 DALYs due to FBD per 100,000 people in
Kenya (S. Jaffee, personal communication, January 9, 2019), to county level DALY
burdens by scaling the national figure by the child diarrhea rate in each county
relative to the national average, and then multiplying by county population (Col 8).
At 1,190, Nairobi has the highest rate of DALYs due to FBD per 100,000, while
Murang’a has the lowest (822). Multiplying these rates by population, we calculate
county-wise FBD health burdens ranging from 5,098 DALYs in Laikipia to 58,805
DALYs in Nairobi.

Since each DALY represents a year lost to illness, disability, or death, this health
burden can be converted to an economic cost by multiplying DALYs by the gross
domestic product (GDP) per capita.This is the approach taken by Jaffee et al. (2018).
Multiplying DALYs by GDP per capita, we find that the total economic loss due to FBD
in Kenya is equivalent 1.14% of national GDP. Applying county-level GDP per capita
to the county-level DALY estimates, we further find that Nairobi’s economic losses
are proportionally highest at 1.19% of county GDP, with Murang’a registering the
lowest proportional loss, at 0.82% of the county’s economic activity (Col 10).

In addition to the health burden caused by foodborne illness, disruptions in food
markets associated with FBD outbreaks and perceptions of food-borne risks include
negative price effects and reduced investment (Hassouneh et al., 2012; Popovic,
Radovanov, & Dunn, 2017). By shifting consumer preferences away from relatively
riskier but nutritious fresh produce to less risky but also less nutritious foods, food
safety failures can lead to negative effects on nutrition (Kavle et al., 2015). For
counties that depend on agricultural exports either within or outside of Kenya,
perceived or real foodborne hazards can lead to heightened scrutiny among foreign

Table 2: The cost of foodborne disease in Kenya

and domestic buyers. Impacts on tourism may also be significant. These other costs
are not included in the DALY-based estimates presented here, which can thus be
considered a lower-bound of the full economic cost.

As can be seen in Table 3, we find a large disparity between the estimated cost of
FBD and the amount spent by the national and county governments on
management of food safety risk related to dairy and horticulture. While food safety
budget on dairy and horticulture at the national level stands at 13% of the cost of
FBD, this figure for Nairobi is only 0.3%. Given that many of the government
functions related to management of food safety are the responsibility of county
governments, these estimates suggest a need for greater investment in the
management of food safety risk at this level.

Table 3: Comparing FBD costs and food safety budgets

4.

Determinants of diarrheal disease among
children under 5

In order to understand the determinants of diarrheal FBD and identify potential
points of intervention, we turn to household-level and dietary factors with which
diarrheal disease is associated. Given that diarrheal disease disproportionately
affects young children, we make use of Kenya DHS data from 2014 to study the
factors that help explain the incidence of diarrhea among children under 5 (KNBS,
2015). For households with multiple children under 5, we use the information
associated with the youngest child.

Using this sample, and the primary caregiver’s response to the question “Has [child’s
name] had diarrhea in the past 2 weeks?”, we apply multivariate regression analysis
to study factors that are known to be associated with diarrheal disease among
children. We consider three broad categories of factors that could potentially affect
the likelihood of diarrheal disease: child and mother characteristics, foods consumed
by children under 2 years of age, and household characteristics.
As younger children are known to be particularly vulnerable to diarrhea, and because
dietary data is only available for these children, we present analysis using the subsample of children under 2 years of age in Table 4, and for the entire sample in Table
5. We estimate the association between diarrhea and age using a spline regression
approach, so that the linear association between age (in months) is allowed differ
between those aged up to 12 months, those between 12 and 24 months, and those
older than 24 months. We discuss the results of these two sets of analysis jointly.

Because household wealth level is correlated with many of the risk factors for
diarrheal disease we seek to understand, we estimate specifications both omitting
(Table 4 columns 1, 2, 5, 6; Table 5 columns 1 and 2) and controlling for (Table 4
columns 3, 4, 7, 8; Table 5 columns 3 and 4) household wealth. Estimates are
expected to be stronger when omitting wealth, but we can put greater confidence in
associations that remain significant even after controlling for wealth effects. As risk
factors may be geographically correlated, we take a similar approach in presenting
specifications with (Table 4 columns 2, 4, 6, 8; Table 5 columns 2 and 4) and without
(Table 4 columns 1, 3, 5, 7; Table 5 columns 1 and 3) controls for geographical
sampling strata. All specifications control for regional differences with indicator
variables at the former provincial level.

Child and mother specific characteristics:
Samples means reported at the ends of Tables 4 and 5 show that the subset of
children under 2 years, and the total sample up to age 5 suffer diarrheal rates of
21.6% and 17% respectively. As shown in Table 5, younger children in general are
more likely than older children to have experienced diarrhea during the past two
weeks. Those younger than 12 months are particularly vulnerable, for whom each
additional month of age is associated with a 0.9 percentage point increase in the
likelihood of a recent diarrheal episode, a 5.3% increase relative to the sample mean.
For those between 12 months to 24 months, the association between age (in months)
and the probability of recent diarrhea is lower, at 0.4 percentage points, while for
those over 24 months, we find negative association of 0.1 percentage point. This
curvilinear relationship between age and diarrhea is consistent across the
specifications reported in Table 5. A similar relationship has been widely documented
in other studies, both for diarrhea and growth faltering, and is generally understood
to reflect the cessation of exclusive breastfeeding and the introduction of an
increasingly diverse set of weaning foods during this period. A recent review
estimated that 72% of deaths associated with diarrhea occur in the first two years of
life and the highest rate of severe disease occurs between 6 and 24 months (Walker
et al., 2013).

We find that children of older mothers are less likely to have had a recent episode of
diarrhea compared to those with younger mothers, perhaps due to greater experience
among older mothers, or higher socio-economic status. Each additional year of the
mother’s age is associated with a 0.3 to 0.4 percentage point decrease in the
likelihood of diarrhea. While children of mothers who have completed primary or
secondary school are no less likely experience diarrhea than those whose mothers
have not completed primary school, diarrhea rates of children of mothers who have
completed education beyond secondary school are significantly lower (estimates
range from 4 to 7 percentage points depending on model specification; the most
conservative specification of Table 5 corresponds to a 22% decrease in diarrheal
episode likelihood relative to the sample mean). This tells us that while mother’s
education can be an important factor in predicting diarrheal likelihood among
children, this is only true at high levels of education.

We illustrate the main findings of this analysis in the Figure 1, which shows the
impacts of consuming high risk foods on the likelihood of diarrheal disease, based on

the most conservatives specifications in Table 4 (columns 4 and 8). Exclusive
breastfeeding – that is, not consuming any foods potentially contaminated with
diarrheal pathogens – has a large negative effect on the probability of diarrhea.
Children who were exclusively breastfed were 5.8 percentage points less likely to
have experience diarrhea, a 27% reduction relative to the average diarrhea rate.

On the other hand, children who had consumed milk, fish, selfish, or fruits in the past
24 hours, were more likely to have experienced diarrhea. We note that this does not
imply that children’s diets should be restricted to low-risk foods. The same foods that
are likely to carry pathogens are also among the most nutritious. However, fresh
foods must always be carefully washed and peeled or cooked to avoid foodborne
disease.

Figure 1. Consuming high-risk foods increases the risk of diarrheal disease among
children under 2 years

Table 4: Determinants of diarrhea for children under 2 years of age

Table 4: Determinants of diarrhea for children under 2 years of age (continued)

Table 4: Determinants of diarrhea for children under 2 years of age (continued)

Table 5: Determinants of diarrhea for children under 5 years of age

Household characteristics:
We next look at various household characteristics relevant to transmission of
diarrheal pathogens. In Table 5, we find that using a shared toilet significantly
increases the likelihood of diarrhea among children by around 2 percentage points
(about 12% relative increase). While this effect is positive among the sub-sample of
under 2 years, it is not significant, suggesting that the effect is driven by children
who are old enough to use toilets themselves, rather than by transmission by other
household members. Piped water access emerges as another important predictor.
However, this effect weakens in magnitude and become less precisely estimated
when comparisons are within-strata rather than within-region and when controlling
for household wealth level. Similarly, the use of water from other private sources
such as tanker trucks or bottled water is negatively correlated with diarrhea among
children under 2 when omitting controls for household wealth and geographical
strata, but absent when including these, and also absent when older children are
included in the sample.

While household behaviours such as whether household members wash their hands
after using the toilet or before eating, whether they treat drinking water in some way,
and whether the health facility is far from the household, show signs in expected
directions, the effects are not significant in most cases. Self-reported data on water
treatment and hand-washing, which are known by many respondents to be ‘good’
behaviors, is notoriously prone to bias, and the lack of a significant relationship is
thus not surprising. Household wealth level, while not significant among the subsample of younger children, is a significant predictor of diarrhea in the overall sample.
Household characteristics overall appear to be less important determinants of
diarrheal disease among younger children but their importance, particularly that of
access to an exclusive toilet facility and piped water, grow when older children
included in the sample.

Food sources:
As can be seen from Table 4, exclusive breastfeeding significantly reduces the
chances of diarrhea among children under 2 years. Children in this age group who
were exclusively breastfed during the 24 hours before the survey were 6 percentage
points less likely to have experienced diarrhea over the past 2

weeks than those whose diet included other foods, a 27 percent decrease relative to
the sample mean. This effect is remarkably close to the estimate for Africa presented
in Table 1 that 29 percent of diarrheal disease is foodborne.
Consumption of cow’s milk is the food most strongly associated with diarrhea,
increasing the likelihood of diarrheal incidence by up to 3.8 percentage points (an 18
percent increase relative to the mean). Other research has shown that raw milk is
more likely to be contaminated at point of purchase, but that even pasteurized and
long-life milk are often contaminated with pathogens at the time these are consumed
by infants (Simiyu et al., 2019). Fruits in general appear to be another significant
source of diarrhea, associated with 4.5 percentage point increase in diarrheal
likelihood (21.5 percent relative increase). Other food items that one would expect
to increase diarrheal likelihood, such as meat and fish, show the expected signs of
association. While the association with meat consumption is not estimated with
sufficient statistical precision to rule out the absence of an effect once wealth controls
are added, the association with consumption of fish remains significant at the 10%
level.

In sum, for children under 2 years of age, we find that food are the factors most
strongly associated with diarrheal disease, as opposed to mother’s or household’s
characteristics. This highlights the importance of food safety for Kenya’s youngest
and thus most vulnerable children.

5.

The link between public investment food
safety and FBD

The global health burden of FBD exhibits a strong disparity across countries that
tracks their level of economic development. Low- and middle-income countries
(LMICs) in South Asia, Southeast Asia, and Sub-Saharan Africa account for 53
percent of all foodborne illnesses, 75 percent of FBD-related deaths, and 72 percent
of FBD-related DALYs, while representing only about 41 percent of the global
population (Jaffee et al., 2018). Gaps in public capacity to manage food safety risk,
largely due to inadequate funding of crucial functions such as veterinary and meat
inspection services, as well as a lack of trained personnel, and unenforceable

regulations are some of the factors believed to explain this observed difference in
food safety outcomes (ibid.)

Jaffee et al. describe a food safety life cycle, in which the economic burden of
foodborne illness first increases with economic development as food production and
marketing becomes more complex, and diets more varied, and then falls as public
and private mechanisms for handling food safety risk evolve to manage food safety
risk. This pattern is illustrated in Figure 1 below.

At low levels of economic development, poor hygienic conditions in wet markets and
poor access to potable water are the primary food safety risks. However, foodborne
illness is reduced somewhat by two factors. First, food is typically produced close to
where it is consumed and is often produced by the consumer or sold directly from
the producer to the consumer. This implies fewer opportunities for contamination,
and less time for disease-causing organisms to multiply. Second, when incomes are
low, diets primarily consist of relatively low-risk starchy staples.
As incomes grow, people tend to consume more animal-source foods and fresh
produce. These are more nutritious, but area also more likely to harbor pathogens.
Further, with economic development and regional specialization, food tends to travel
longer distances, pass through a larger number of intermediaries, and is bulked in
larger quantities, before reaching consumers. Each of these factors increases the risk
of contamination with pathogens. Food fraud is also an increasing risk as food
systems modernize. Food fraud includes the undeclared substitution of lower-value
ingredients, and the addition of prohibited and potentially dangerous preservatives,
coloring, or other non-food substances.
Once a country attains high-income status, food safety management systems
typically catch up with the greater risks implied by a modernized food system, and
the economic burden of FBD falls.

Kenya, as a lower-middle income country, is in the second phase of the food safety
life cycle. The food system is transitioning out of traditional, village-based production
and consumption as the share of the population living in urban centers grows, and
diets are shifting toward higher-risk fresh produce (Tschirley et al., 2015). Meanwhile,
funding for veterinary services, used as a benchmark for one aspect of food safety
management capacity, remains ‘inadequate’, according to the World Organisation for
Animal Health (OIE).6

Figure 2. The food safety life cycle by level of economic development. Reproduced
with permission from Figure 1.2 in Jaffee et. al, 2018.

While this life cycle analogy is useful for understanding broad patterns in the burden
of FBD across countries, it is possible for countries at lower levels of development to
achieve better outcomes through public investment in food safety capacity. This is
demonstrated by Jaffee et al.’s analysis, which compares national levels of foodborne
illness to food safety management capacity. The authors report that the burden of
foodborne illness attributable to animal-source foods is lower in countries with higher
6

This can be inferred from Figure 3.7 in Jaffee et. al. (2018), which shows the health burden, in terms of disabilityadjusted life years (DALYs) attributable to animal-source foods among sub-Saharan African countries, by funding

values of animal products-related food safety capacity (correlation coefficient of -0.57;
p. 88). Middle-income countries, which typically have the highest foodborne disease
burdens, also have the most to gain from better management of food safety risk. By
prioritizing the management of food safety risk, such countries can transition more
quickly toward the final stage of the food safety life cycle.

Of 35 low middle-income countries that have been assessed by the World Organisation
for Animal Health for performance of veterinary services, only five were deemed to fund
these services adequately. The average health burden of foodborne disease attributed
to animal-source foods in these countries was 177.1 DALYs per 100,000 people,
compared to 293.2 for the

remaining 30 countries that failed to fund veterinary services adequately. Kenya scores
roughly in the middle of sub-Saharan African countries in terms of its capacity to
manage food safety in animal-source foods. Considering its neighbors, Kenya ranks
several places ahead of Tanzania, but far behind Uganda (Jaffee et al., 2018).

7.

Conclusions and policy implications

The positive relationship between health outcomes and food safety investment
documented elsewhere, and the stark disparities between the costs of FBD in Kenya
and public investments to address this problem, particularly at the county level, suggest
that both health and economic outcomes in Murang’a, Laikipia, Nakuru, Nyandarua, and
Nairobi counties could be greatly improved through greater public investment in food
safety management capacity.
Our analysis of the association between consumption of specific foods and diarrhea in
young children indicates that food safety risk is particularly high in dairy products and
fruits consumed raw. Public attention to improving the safety of these foods, both in
supply chains and through improved household food handling, has the potential to pay
dividends in terms of child health, with associated economic benefits of reduced private
and public spending on health, increased caregiver time, and saved human capital.
Actions that can be taken immediately by county governments to improve food
safety include the following:

●

Provide or promote the provision of improved sanitation and hand-washing
facilities (with soap) for use by food handlers, in hotels and markets where
fresh food is sold, as well as upstream in the value chain (farm, packing house,
wholesale market)

●

Educate farmers on the risks of using unclean water for irrigation and
untreated manure as fertilizer

●

Offer pathogen testing of water bodies used for irrigation

●

Educate consumers on the 5 Keys to Safer Food. Materials are available from
the WHO and can be displayed in health facilities, schools, and other public
spaces.
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