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Foodborne disease is a significant global health problem, with low- and

middle-income countries disproportionately a�ected. Given that most fresh

animal and vegetable foods in LMICs are bought in informal food systems,

much the burden of foodborne disease in LMIC is also linked to informal

markets. Developing estimates of the national burden of foodborne disease

and attribution to specific food products will inform decision-makers about

the size of the problem and motivate action to mitigate risks and prevent

illness. This study provides estimates for the burden of foodborne disease

caused by selected hazards in two African countries (Burkina Faso and

Ethiopia) and attribution to specific foods. Country-specific estimates of the

burden of disease in 2010 forCampylobacter spp., enterotoxigenic Escherichia

coli (ETEC), Shiga-toxin producing E. coli and non-typhoidal Salmonella

enterica were obtained from WHO and updated to 2017 using data from

the Global Burden of Disease study. Attribution data obtained from WHO

were complemented with a dedicated Structured Expert Judgement study to

estimate the burden attributable to specific foods. Monte Carlo simulation

methods were used to propagate uncertainty. The burden of foodborne

disease in the two countries in 2010 was largely similar to the burden in the

region except for higher mortality and disability-adjusted life years (DALYs) due

to Salmonella in Burkina Faso. In both countries, Campylobacter caused the

largest number of cases, while Salmonella caused the largest number of deaths

and DALYs. In Burkina Faso, the burden of Campylobacter and ETEC increased

from 2010 to 2017, while the burden of Salmonella decreased. In Ethiopia,

the burden of all hazards decreased. Mortality decreased relative to incidence

in both countries. In both countries, the burden of poultry meat (in DALYs)
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was larger than the burden of vegetables. In Ethiopia, the burdens of beef

and dairy were similar, and somewhat lower than the burden of vegetables.

The burden of foodborne disease by the selected pathogens and foods in

both countries was substantial. Uncertainty distributions around the estimates

spanned several orders of magnitude. This reflects data limitations, as well as

variability in the transmission and burden of foodborne disease associated with

the pathogens considered.
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Introduction

Food safety is linked, directly or indirectly, to the

achievement of many of the Sustainable Development Goals

(SDGs), especially those on ending hunger and poverty, and

promoting good health and wellbeing. According to the World

Health Organization (WHO), 420,000 deaths occurred globally

among 600million cases of foodborne disease (FBD) in 2010 and

230,000 of these deaths were due to foodborne hazards which

cause diarrheal disease. In 2010, seven diarrheal disease hazards

[Norovirus, Campylobacter spp. (CAMP), enteropathogenic

Escherichia coli (EPEC), enterotoxigenic E. coli (ETEC), non-

typhoidal Salmonella enterica (NTS), Shigella spp., and Vibrio

cholerae] were identified to each cause an estimated global FBD

burden of 1–3 million disability-adjusted life years (DALYs),

as estimated for 2010 (Havelaar et al., 2015). Africa was

estimated to have the highest FBD burden of all regions

analyzed (2,460 DALYs per 100,000 population compared to

a global average of 477 DALYs per 100,000 population). The

World Bank has estimated that the economic cost of FBD in

low- and middle-income countries (LMIC) amounts to $95.2

billion per year (Jaffee et al., 2019), with the annual cost

of treating FBD being estimated at $15 billion. Due to data

limitations, both assessments only capture part of the total

burden and cost of FBD in LMIC. For example, there is

limited data on the incidence, severity and long-term health

outcomes associated with several foodborne pathogens. Costs

are often limited to those related to medical treatment and lost

productivity. Important public health and economic benefits

could be achieved by improving food safety in LMIC.

The objectives of this study are to update estimates of the

burden of FBD for the pathogens selected by two projects in

Ethiopia and Burkina Faso—TARTARE (TARTARE, 2018) and

Pull-Push (International Livestock Research Institute, 2018) and

estimate the burden associated with consuming food products

selected for intervention in these projects. Further details on the

objectives of these projects can be found in Sapp et al. (2022).

Materials and methods

WHO data

Disease burden data were extracted from the 2010

WHO Foodborne Disease Burden Epidemiology Reference

Group (FERG) database (Devleesschauwer et al., 2015) for

Ethiopia and Burkina Faso. While all calculations were

done at the country level, FERG only presented results

on a global scale and for subregions. The subregions were

based on the official grouping of WHO Member States.

FERG further subdivided each region into subregions

based on child and adult mortality as described by Ezzati

et al. (2002): very low child and adult mortality (stratum

A), low child mortality and very low adult mortality

(stratum B), low child mortality and high adult mortality

(stratum C), high child and adult mortality (stratum D),

and high child mortality and very high adult mortality

(stratum E). Burkina Faso was assigned to the Africa Region

(AFR), stratum D (AFRD) and Ethiopia to AFR, stratum

E (AFRE).

Disease burden estimates are expressed as incidence,

mortality, and DALY at the population level and per

100,000 population. Monte Carlo samples of the uncertainty

distributions of the foodborne disease burden of the pathogens

selected by the projects (CAMP, ETEC, STEC, and NTS) were

abstracted from the FERG database for the total population,

children under 5 years of age, and children over 5 years of

age and adults. Details on FERG methods can be found in

Devleesschauwer et al. (2015). FERG used 10,000 draws to

reach convergence. While FERG reports medians as point

estimates for the uncertainty distribution, means are reported

here due to their probabilistic properties: in contrast to

medians, the sum of means is the same as the mean of sums.

We note that at the country level, mean and median disease

burdens are very similar for all hazards in both countries (data

not shown).
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Updating burden estimates to 2017

To provide a clearer picture of the current burden of disease

associated with the selected pathogens, estimates were updated

from 2010 to 2017. Since the WHO does not provide data to

assess trends in diarrheal disease burden by specific pathogens,

data from the Global Burden of Disease (GBD) study (Institute

of Health Metrics and Evaluation, Seattle, WA, Kyu et al., 2018)

were used. Even though there are methodological differences

between the FERG and GBD estimates, it was assumed that

trends in burden per 100,000 of specific pathogens in GBD

could be used to update the FERG estimates. Estimates of

mortality, of life lost (YLL), years lived with disability (YLD),

and disability-adjusted life years (DALY) for three pathogens

(CAMP, ETEC, NTS) were downloaded from the GBD Compare

website (https://vizhub.healthdata.org/gbd-compare/, accessed

September 17, 2019) for 2010 and 2017, and for the three

population groups separately. GBD data are prevalence-based,

therefore, it was assumed that the change in incidence was

proportional to the change in YLD. GBD does not provide data

for the burden of STEC. Furthermore, the currently documented

burden of STEC in Africa is very low. Therefore, STEC was

excluded from further calculations.

Estimates at the population level were converted to burden

per 100,000 by dividing by population numbers in both years

(Supplementary material S1). Uncertainty distributions were

derived for each pathogen of interest. A request to IHME to

provide sample data from the uncertainty distributions was

denied. The GBD website provides means and 95% uncertainty

intervals for the uncertainty distributions of the variables

of interest. Therefore, 10,000 samples from the uncertainty

distributions of burden per 100,000 in 2010 and 2017 were

reconstructed by fitting Gamma distributions to the available

percentiles and means. For all metrics, the GBD burden per

100,000 in 2017 (ρ2017,GBD) divided by the GBD burden per

100,000 in 2010 (ρ2010,GBD) was used as a multiplier to the

FERG burden per 100,000 in 2010 (ρ2010,FERG) to calculate the

FERG burden per 100,000 in 2017 (ρ2017,FERG):

ρ2017,FERG =
ρ2017,GBD

ρ2010,GBD
× ρ2010,FERG

The burden estimates per 100,000 were applied to

2017 population data (pop2017) to provide absolute burden

estimates (β2017,FERG):

β2017,FERG = ρ2017,FERG × pop2017

2017 estimates for the whole population are presented for

all ages and children under 5 years of age. Note that the burden

for children under 5 years is correlated with the burden for

older children and adults. Given the dependence between the

two age groups, the distribution of burden for older children

and adults cannot simply be derived by subtraction at the Monte

Carlo sample level of the burden for children under 5 from

the distribution the burden for all ages. Since we don’t have

information about this dependence, we refrain from presenting

estimates for older children and adults.

Attribution

Estimates of the proportion of FBD incidence associated

with CAMP and NTS were attributed to beef, dairy, poultry

meat and vegetables based on FERG attribution results for

the AFRD and AFRE subregions (Hoffmann et al., 2017) as

described by Li et al. (2019). Attribution to food types and food

products (see Sapp et al., 2022 for details) were based on a

structured expert judgment study organized specifically for this

study according to Cooke’s Classical Model (Cooke, 1992; Hald

et al., 2016). This study also included food group attribution for

ETEC as these have not been provided by FERG, who focused

their food group attribution on zoonotic pathogens. Experts

participating in this study had a diversity of backgrounds with

experience in the target countries in one ormore of the following

domains: diarrheal diseases, zoonoses, microbial food safety,

water and sanitation or veterinary public health. We assume, in

agreement with FERG, that attribution of mortality and DALY

is proportional to the incidence of disease and used the same

attribution estimates for all burden metrics.

Monte Carlo simulations (10,000 samples) were used to

generate estimates of the uncertainty distributions of the disease

burden per food group, type or food product for all hazards

individually for three population groups.

All data extraction, manipulation, tables, plots, and

statistical testing were done in the R statistical software version

4.1.0 (R Core Team, 2021).

Results

Foodborne disease burden estimates for
2010

Global, sub-regional and country-level data for the

standardized FBD burden in 2010 (DALYs per 100,000

population) by the four hazards included in this study are

presented in Table 1. The burden per 100,000 of CAMP in

AFRD and AFRE was approximately twice as high as the global

average, and about the same level in the target countries as in

their subregions. The burden per 100,000 of ETEC in AFRD

and AFRE was more than three times as high as the global

average, and about the same level in the target countries as in

their subregions. According to FERG, the burden per 100,000 of

STEC at the global level was more than two orders of magnitude

lower than the burden of the other three hazards included

in this study. It was more than two-fold lower in AFRE than

Frontiers in Sustainable FoodSystems 03 frontiersin.org

https://doi.org/10.3389/fsufs.2022.1024560
https://vizhub.healthdata.org/gbd-compare/
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Havelaar et al. 10.3389/fsufs.2022.1024560

TABLE 1 Foodborne disability-adjusted life years (DALY) per 100,000 population for four bacterial hazards for the global population, subregions

AFRD and AFRE, Burkina Faso and Ethiopia in 2010 according to WHO FERG (Havelaar et al., 2015).

Hazard Global AFRD% Burkina Faso AFRE* Ethiopia

Campylobacter spp. 31 (22–46)∧ 71 (35–119) 75 (37–126) 70 (33–117) 69 (32–114)

Enterotoxigenic E. coli 30 (17–51) 107 (26–245) 113 (28–260) 105 (17–240) 102 (17–235)

Shiga-toxin producing E. coli 0.2 (0.09–0.5) NA$ NA 0.08 (0.02–0.2) 0.005 (0.0006–0.02)

Non-typhoidal S. enterica 59 (36–91) 338 (94–612) 633 (173–1,180) 193 (44–336) 115 (25–200)

%Subregion AFRD (African region mortality stratum D) includes Algeria; Angola; Benin; Burkina Faso; Cameroon; Cape Verde; Chad; Comoros; Equatorial Guinea; Gabon; Gambia;

Ghana; Guinea; Guinea-Bissau; Liberia; Madagascar; Mali; Mauritania; Mauritius; Niger; Nigeria; Sao Tome and Principe; Senegal; Seychelles; Sierra Leone; Togo.
*Subregion AFRE (African region mortality stratum E) includes Botswana; Burundi; Central African Republic; Congo; Côte d’Ivoire; Democratic Republic of the Congo; Eritrea; Ethiopia;

Kenya; Lesotho; Malawi; Mozambique; Namibia; Rwanda; South Africa; Swaziland; Uganda; United Republic of Tanzania; Zambia; Zimbabwe.
∧Median (95% uncertainty interval).
$Not applicable; not a target pathogen in the Pull Push project.

the global average and more than 10 times lower in Ethiopia.

Because the currently documented burden of STEC in Africa

is very low, this hazard was excluded from further calculations.

The burden of NTS in AFRD was more than five times higher

than the global average, and more than three times higher in

AFRE. It was two times higher in Burkina Faso (more than 10

times higher than the global average) than in AFRD, while it

was lower than the AFRE estimate in Ethiopia at approximately

twice the global average.

Different metrics for the burden of FBD by the selected

hazards in the target countries in 2010 are presented in Table 2.

In both countries, the incidence per 100,000 of CAMP was ∼3

times higher than that of ETEC and NTS. Mortality per 100,000

of CAMP and ETEC were similar in both countries. In both

countries, the mortality per 100,000 of NTS and ETEC was

higher than the mortality per 100,000 of CAMP. In Burkina

Faso, the mortality per 100,000 of NTS was more than five times

higher than that of ETEC, and more than 10 times higher than

that of CAMP. While the mortality per 100,000 of CAMP and

ETEC were ∼10 times higher in children under 5 than in older

children and adults, the mortality per 100,000 for NTS was only

slightly higher in children under 5 [11.9 (3.24–21.4) per 100,000]

than in older children and adults [9.25 (2.41–17.1) per 100,000],

see Supplementary materials S2, S4. As noted above, this high

mortality per 100,000 of NTS results in a high DALY burden per

100,000 for NTS in Burkina Faso.

Updated foodborne disease burden
estimates for 2017

The estimated relative changes from 2010 to 2017 in

incidence, mortality, and DALY per 100,000 for the three

hazards in both countries and per age group based on GBD

estimates (Devleesschauwer et al., 2015) are presented in Table 3

by age group. For the total population in Burkina Faso, there

was an increase of 4–10% in the burden of CAMP and ETEC

for all metrics. At the same time, there was a decrease of 5–20%

in the burden of NTS. For children under 5 in Burkina Faso, the

increase in the burden of CAMP and ETECwasmore substantial

(10–20%) than for the total population, while the burden of

NTS increased (Supplementary material S2). In Ethiopia, for all

metrics and age groups, the FBD burden per 100,000 decreased

in 2017 compared to 2010. Mortality and DALY per 100,000

decreased more than incidence per 100,000. The uncertainties

in the changes in burden per 100,000 in Ethiopia in the GBD

estimates were substantially smaller than in Burkina Faso.

Updated foodborne disease burden estimates for 2017

were calculated for all hazards, countries and age groups

by applying the relative change in GBD burden metrics per

100,000 between 2010 and 2017 to the corresponding FERG

estimates. These were then applied to 2017 population data to

calculate absolute burden estimates for 2017 (Table 4, detailed

results in Supplementary materials S2, S3). Despite decreases in

burden per 100,000 for several hazards and age groups, the

ordering of hazards and age groups in 2017 was the same

as in 2010. All burden estimates were higher in 2017 than

in 2010, because the impact of increases in population size

outweighed that of a lower burden per 100,000 in both countries.

A graphical representation of the uncertainty in the data is

shown in Figures 1, 2. Note that the support of the uncertainty

distributions spanned several orders of magnitude.

In 2017, children under 5 bore a major share of the total

burden of these three pathogens, as measured by DALYs, despite

accounting for only 18% of the population of Burkina Faso

and 16% in Ethiopia. As shown in Figures 1, 2 the burden for

children under 5 per 100,000 was always greater than for the

total population. Age distributions differed markedly between

pathogens with children under 5 bearing 73% of the burden

of CAMP, 73% of ETEC and 30% of NTS in Burkina Faso

and 62% of the burden of CAMP, 63% of the burden of

ETEC and 49% of the burden of NTS in Ethiopia (see data in

Supplementary materials S2–S4).
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TABLE 2 Foodborne disease burden for three bacterial hazards in Burkina Faso and Ethiopia in 2010 (all ages) according to WHO FERG (Havelaar

et al., 2015).

Hazard Incidence

(×1,000)

Incidence per

100,000

Mortality Mortality per

100,000

DALY

(×1,000)

DALY per

100,000

A. Burkina Faso

Campylobacter spp. 466 (49–1,440)∧ 2,990 (313–9,230) 130 (61–214) 0.84 (0.39–1.38) 12.0 (5.75–19.6) 76.9 (37.0–126)

Enterotoxigenic E. coli 180 (29–448) 1,150 (183–2,870) 230 (53–481) 1.48 (0.34–3.09) 19.0 (4.3–40.4) 122 (27.7–260)

Non-typhoidal S. enterica 188 (24–533) 1,210 (156–3,420) 1,510 (400–2,770) 9.73 (2.58–17.8) 101 (26.8–183) 648 (173–1,180)

B. Ethiopia

Campylobacter spp. 2,380 (270–7,310)∧ 2,720 (310–8,340) 671 (306–1,100) 0.77 (0.35–1.26) 61.5 (28.1–100) 70.2 (32.1–114)

Enterotoxigenic E. coli 934 (122–2,346) 1,070 (140–2,680) 1,190 (180–2,500) 1.36 (0.21–2.85) 97.4 (16.8–235) 111 (17–235)

Non-typhoidal S. enterica 932 (87–2,750) 1,060 (100–3,140) 1,340 (300–2,300) 1.53 (0.34–2.63) 101 (22–175) 115 (22–175)

∧Mean (95% uncertainty interval).

TABLE 3 Relative change for 2017 compared to 2010 of disease burden per 100,000 for three bacterial hazards in Burkina Faso and Ethiopia

according to the Global Burden of Disease study (Kyu et al., 2018).

Hazard Age group Incidence per 100,000 Mortality per 100,000 DALY per 100,000

A. Burkina Faso

Campylobacter spp. All ages +7%∧ (+5,+9%) +4% (−1,+11%) +6% (+1,+14%)

Under five +18% (+17,+19%) +14% (+8,+23%) +14% (+8,+26%)

Enterotoxigenic E. coli All ages +8% (−4,+31%) +10% (−16,+88%) +9% (−15,+79%)

Under five +13% (−1,+44%) +16% (−10,+93%) +14% (−9,+79%)

Non-typhoidal S. enterica All ages −5% (−6,−3%) −19% (−24,−17%) −20% (−24,−18%)

Under five −8% (−14,−4%) −20% (−30,−13%) −20% (−30,−13%)

B. Ethiopia

Campylobacter spp. All ages −3%∧ (−5, 0%) −14% (−30,+9%) −17% (−18,−15%)

Under five −8% (−8,−8%) −12% (−13,−11%) −12% (−13,−12%)

Enterotoxigenic E. coli All ages −6% (−7,−5%) −20% (−13,−18%) −23% (−24,−22%)

Under five −16% (−17,−15%) −22% (−25,−20%) −22% (−25,−20%)

Non-typhoidal S. enterica All ages −2% (−3,−1%) −13% (−18,−10%) −18% (−18,−17%)

Under five −10% (−11,−8%) −16% (−19,−11%) −16% (−18,−13%)

∧Mean burden 2017/mean burden 2010 (95% uncertainty interval).

TABLE 4 Foodborne disease burden for three bacterial hazards in Burkina Faso and Ethiopia in 2017 (all ages) according to WHO FERG (Havelaar

et al., 2015), updated according to the Global Burden of Disease study (Kyu et al., 2018).

Hazard Incidence

(×1,000)

Incidence per

100,000

Mortality Mortality per

100,000

DALY

(×1,000)

DALY per

100,000

A. Burkina Faso

Campylobacter spp. 616 (64–1,900)∧ 3,210 (335–6,600) 166 (78–271) 0.83 (0.39–1.37) 15.5 (7.5–25.6) 81.1 (38.8–133)

Enterotoxigenic E. coli 239 (37–596) 1,250 (196–3,106) 310 (65–725) 1.61 (0.34–3.78) 25.4 (5.2–59.2) 132 (27.2–308)

Non-typhoidal S. enterica 221 (28–626) 1,150 (148–3,260) 1,500 (393–2,750) 7.81 (2.05–14.3) 98.6 (26.0–180) 513 (135–936)

B. Ethiopia

Campylobacter spp. 2,800 (310–8,600)∧ 2,640 (300–8,100) 704 (320–1,160) 0.66 (0.30–1.09) 62.6 (28.6–102) 58.8 (26.9–95.9)

Enterotoxigenic E. coli 1,070 (140–2,680) 1,000 (130–2,510) 1,170 (180–2,440) 1.09 (0.16–2.30) 91.3 (13.8–193) 85.8 (13.0–181)

Non-typhoidal S. enterica 1,110 (100–3,290) 1,050 (100–3,090) 1,420 (320–2,450) 1.33 (0.30–2.30) 101 (22–175) 95.1 (20.8–165)

∧Mean (95% uncertainty interval).
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FIGURE 1

Uncertainty in foodborne disease burden for three bacterial hazards and age groups in Burkina Faso in 2017 (all ages) according to WHO FERG

(1), updated according to the Global Burden of Disease study (8). (Top) incidence; (Middle) mortality, (Bottom) DALYs. Violin plots display two

mirror images of the probability density function of a distribution, smoothed by a kernel density estimator. Embedded in the violin plot is a

boxplot, showing lines for the median, boxes for the interquartile range and whiskers for the 95% uncertainty intervals. Values beyond the 95% UI

have been omitted.

Attribution of disease burden to specific
foods

Attribution estimates are described in detail in Sapp et al.

(2022). In this paper, we summarize the results for the four

food groups of interest in the TARTARE and Pull Push projects:

beef (Ethiopia), dairy (Ethiopia), poultry meat (Burkina Faso

and Ethiopia) and vegetables (Burkina Faso and Ethiopia). The

burden attributed to these different food groups was further

attributed to specific food types and food products as defined in
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FIGURE 2

Uncertainty in foodborne disease burden for three bacterial hazards and age groups in Ethiopia in 2017 (all ages) according to WHO FERG (1),

updated according to the Global Burden of Disease study (8). (Top) incidence; (Middle) mortality, (Bottom) DALYs. See Figure 1 for explanation

of violin plots.
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TABLE 5 Disease burden associated with specific food consumption in Burkina Faso in 2017 (total population).

Hazard Incidence

(×1,000)

Incidence per

100,000

Mortality Mortality per

100,000

DALY

(×1,000)

DALY per

100,000

A. Poultry meat

Campylobacter spp. 328 (30–1,070) 1,710 (158–5,590) 89 (30–165) 0.46 (0.16–0.86) 8.3 (2.9–15.3) 43.3 (15.12–80.0)

Non-typhoidal S. enterica 76.8 (3.4–244) 400 (17–1,270) 522 (32–1,140) 2.7 (0.2–5.9) 34.3 (2.1–74.6) 179 (11–389)

B. Vegetables

Enterotoxigenic E. coli 44.7 (1.6–447) 287 (10.3–1,060) 58.3 (2.3–206) 0.37 (0.0–1.3) 4.8 (0.2–16.8) 30.5 (1.2–108)

Non-typhoidal S. enterica 15.2 (0–63.0) 79.0 (0–328) 104 (0–361) 0.54 (0–1.88) 6.8 (0–23.6) 35.4 (0–123)

∧Mean (95% uncertainty interval).

TABLE 6 Disease burden associated with specific food consumption in Ethiopia in 2017 (total population).

Hazard Incidence

(×1,000)

Incidence per

100,000

Mortality Mortality per

100,000

DALY

(×1,000)

DALY per

100,000

A. Beef

Campylobacter spp. 317 (0–1,540) 297 (0–1,450) 79.6 (0–282) 0.07 (0–0.26) 7.1 (0–24.9) 6.7 (0–23.4)

Non-typhoidal S. enterica 83.2 (0–334) 78.2 (0–314) 107 (0–327) 0.10 (0–0.30) 7.6 (0–23.5) 7.1 (0–22.0)

B. Dairy

Campylobacter spp. 424 (8.9–1,640) 399 (8.3–1,540) 106 (3.8–270) 0.10 (0–0.25) 9.4 (0.30–24.0) 8.9 (0.30–22.5)

Non-typhoidal S. enterica 78.1 (0–320) 73.4 (0–301) 101 (0–329) 0.09 (0–0.30) 7.1 (0–23.4) 6.7 (0–22.0)

C. Poultry meat

Campylobacter spp. 1,420 (141–4,730) 1,340 (132–4,450) 358 (110–688) 0.33 (0.10–0.65) 31.8 (9.8–61.0) 29.9 (9.2–57.3)

Non-typhoidal S. enterica 383 (8.6–1,210) 360 (8–1,135) 492 (19.8–1,380) 0.46 (0–0.97) 34.9 (1.4–74.4) 32.8 (1.3–70.0)

D. Vegetables

Enterotoxigenic E. coli 202 (4.9–775) 190 (4.6–729) 221 (6.3–777) 0.21 (0–0.73) 17.3 (0.5–61.1) 16.3 (0–57.4)

Non-typhoidal S. enterica 79.0 (0–336) 74.2 (0–316) 101 (0–334) 0.09 (0–0.31) 7.2 (0–23.8) 6.8 (0–22.3)

∧Mean (95% uncertainty interval).

Sapp et al. (2022). We present estimates for the total population

only. Full results are available in Supplementary materials S2, S3

as means, medians and 95% uncertainty intervals.

In Burkina Faso, the disease burden associated with poultry

meat consumption for CAMP and NTS together was estimated

to be 42,600 DALYs in 2017 (Table 5A). Approximately 400,000

persons or 1 out of 50 in the total population fell ill from

consuming poultry meat in 2017 by the two hazards and, of

these, ∼600 or 1 out of 30,000 in the total population died.

Incidence of CAMP associated with poultry meat was ∼4 times

higher than NTS, but mortality and DALY burden of NTS was

∼4 times higher than CAMP. The estimated disease burden of

NTS and ETEC associated with vegetables was lower than that

associated with poultry meat, resulting in ∼60,000 cases, 160

deaths and 14,000 DALYs in 2017 (Table 5B). The incidence of

ETEC-associated disease was ∼3 times higher than NTS, but

mortality was two times lower. The DALY burden of the two

hazards was comparable.

In Ethiopia, the disease burden associated with CAMP and

NTS from beef consumption was ∼15,000 DALYs in 2017.

An estimated 400,000 persons, or 1 out of 250 of the total

population, fell ill; of these, ∼190, or 1 out of 2 million, died

(Table 6A). The burden of dairy products was slightly higher

with 500,000 cases, 200 deaths and 17,000 DALYs than the

burden of beef consumption (Table 6B). As in Burkina Faso, the

burden of poultry meat was highest among the food groups, with

1.8 million cases, 850 deaths and 65,000 DALYs. Incidence of

CAMP associated with poultry meat was ∼4 times higher than

NTS, but mortality and DALY burden per 100,000 were similar

for both pathogens (Table 6C). While the incidence of illness

associated with vegetables in Ethiopia was similar to beef and

dairy, with ∼400,000 cases, there were more deaths (330) and

DALYs (24,000), with about 2/3 attributed to ETEC-associated

disease (Table 6D).

Attribution of disease burden (DALYs per 100,000) to food

types and food products is visualized in Figures 3–8. Clearly,
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FIGURE 3

Attribution of disease burden (Disability-Adjusted Life Years per

100,000 population) of Campylobacter spp. to food types and

food products in Burkina Faso in 2017. See Figure 1 for

explanation of violin plots.

uncertainty increases with every step in the attribution process.

Note that the burden of poultry meat and chicken meat is

the same as chicken is the only poultry species consumed in

both countries.

Discussion

While the WHO estimates of the global burden of FBD have

increased awareness of food safety as a global health problem,

their use for national food safety decision-making is limited

because they have only been published on a subregional basis.

Furthermore, the reference year for these estimates is 2010,

and decision-makers would be better informed by more recent

data. Working closely with the governments of two countries

in Africa, we obtained permission to extract and publish

national estimates from the FERG database. This interaction

was formalized in a data request by the University of Florida

and a communication plan between the project management of

the TARTARE project at the Ohio State University (Columbus,

OH), and of the Pull-Push project at the International Livestock

Research Institute (Nairobi, Kenya).

The GBD study is the only available data source for

annual updates of the burden of three of the four hazards of

interest in this study (i.e., CAMP, ETEC, and NTS). Directly

using the GBD estimates was not possible because those

estimates are prevalence- and outcome-based while the FERG

estimates are incidence- and hazard-based. These methods

only provide equivalent results under the assumption of a

stable epidemiologic situation, which clearly is not the case

for foodborne diseases. A detailed discussion of these methods

and their differences is provided by Mangen et al. (2013)

and Devleesschauwer et al. (2015). Briefly, the incidence-

and hazard-based approach attributes the current and future

burden of acute disease and sequelae resulting from current

exposure to a hazard (e.g., diarrheal disease and Guillain-

Barré syndrome due to exposure to Campylobacter spp.) to

the year of exposure while the prevalence- and outcome-

based approach attributes disease burden to different outcome

categories (e.g., diarrheal disease and neurological disease)

based on the prevalence of disease in the reference year. The

prevalence- and outcome-based method is preferred for the

GBD study because it allows straightforward corrections for

comorbidities. For chronic diseases or diseases with a long

incubation time, the disease burden reflects past exposure.

However, in food safety, it is preferable to estimate the impact

of infectious disease control programs by using the current

burden, resulting in a preference for the incidence- and hazard-

based approach. This preference is further supported by the

general use of incidence estimates rather than prevalence

estimates in infectious disease epidemiology. Notwithstanding

these differences in methodology, we suggest that the relative

change in the burden of diarrheal disease in GBD estimates can

be used to update the FERG estimates because the duration of

diarrheal diseases is short, and any changes reflect changes in

the current year. The GBD estimates also reflect impacts of non-

food related factors such as access to and effectiveness of health

care systems, which may explain the larger decrease (or lower

increase) of mortality compared to incidence in both countries.

The FERG data, combined with new attribution estimates

generated for this study, suggest a considerable burden is

associated with CAMP, ETEC and NTS in both countries. In

contrast, the burden of STEC in Ethiopia was very small, but

these results should be interpreted carefully because the FERG

estimates of the burden of STEC for Africa were based on very

limited data (Mangen et al., 2013). Importantly, STEC estimates

for Africa were derived from data from a single surveillance

system in South Africa that had substantial under-reporting

biases, including only one case of Hemolytic Uremic Syndrome

being reported for the entire continent (Majowicz et al., 2014).

Nevertheless, even in countries with better data, such as the

US (Hoffmann et al., 2012) and the Netherlands (Havelaar

et al., 2012), the population burden of STEC is several orders

of magnitude lower than the burden of CAMP and STEC. In

contrast, the individual burden of STEC is much higher, largely

due to the risk of Hemolytic Uremic Syndrome and End-Stage

Renal Disease in children under 5 years of age, which drives

much of the concern about these infections.

Due to data limitations, the uncertainty in the estimates

of the disease burden is considerable and spans several

orders of magnitude. This statistical uncertainty needs to

be considered when using these results for further decision-

making, e.g., by including the full uncertainty distributions

in cost-benefit calculations. There are additional, unquantified

sources of uncertainty in our analysis, including those previously

documented by FERG. As mentioned earlier, GBD and FERG

use different approaches to estimate the burden of disease.
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FIGURE 4

Attribution of disease burden (Disability-Adjusted Life Years per 100,000 population) of enterotoxigenic E. coli to food group, food types and

food products in Burkina Faso in 2017. See Figure 1 for explanation of violin plots.

We assumed that the relative change in GBD burden metrics

is representative of the relative change in FERG estimates.

In addition, there are uncertainties introduced from the

assumption that attribution results at the subregional level from

FERG are applicable to the country level and that mortality

and DALY attribution is proportional to incidence attribution.

Both assumptions reflect the best current data, and the general

problem that data-driven attribution is currently not possible

given data gaps and the inability to combine data from different

study types (e.g., outbreaks, case-control studies, and microbial

typing) in one consistent theoretical framework. These problems

occur in high-income countries and low- and middle-income

countries alike and expert judgment studies are frequently

applied at international and national levels to provide best

estimates of the (uncertainty in) foodborne disease attribution

(Butler et al., 2015; Beshearse et al., 2021).

Conclusions

Foodborne disease is a global public health problem that

disproportionally affects low- and middle-income countries. To

support evidence-based food safety decision making, detailed,

up-to-date insight on the burden of foodborne disease is
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FIGURE 5

Attribution of disease burden (Disability-Adjusted Life Years per 100,000 population) of non-typhoidal Salmonella enterica to food types and

food products in Burkina Faso in 2017. See Figure 1 for explanation of violin plots.

required at the national level. TheWHO has presented estimates

of the global burden of foodborne disease at subregional

level for the reference year 2010. We demonstrate how the

WHO data can be used in tandem with estimates from the

Global Burden of Disease study published by the Institute for

Health Metrics and Evaluation to update foodborne disease

burden estimates for two countries in Africa (Burkina Faso and

Ethiopia) to 2017. Moreover, we demonstrate how the total

burden of foodborne disease by specific microbial pathogens

can be attributed to specific food using data from structured

expert elicitation studies. Our results demonstrate a considerable

burden of foodborne disease associated with three pathogenic

bacteria (Campylobacter spp., enterotoxigenic E. coli and non-

typhoidal Salmonella enterica). The burden of Shiga-toxin

producing E. coli was several orders of magnitude lower but

should be interpreted with caution since data on the incidence

of this pathogen in Africa is very limited. Campylobacter

spp. caused the largest number of illnesses in both countries,
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FIGURE 6

Attribution of disease burden (Disability-Adjusted Life Years per 100,000 population) of Campylobacter spp. to food types and food products in

Burkina Faso in 2017. See Figure 1 for explanation of violin plots.
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FIGURE 7

Attribution of disease burden (Disability-Adjusted Life Years per 100,000 population) of enterotoxigenic E. coli to food group, food types and

food products in Ethiopia in 2017. See Figure 1 for explanation of violin plots.

while non-typhoidal Salmonella enterica caused the largest

number of deaths and disability-adjusted life years. Children

under 5 years of age bore ¾ of the burden of Campylobacter

spp. and enterotoxigenic E. coli in Burkina Faso and 2/3

of this burden in Ethiopia. The burden of non-typhoidal

Salmonella enterica was more uniformly distributed over age

groups. In both countries, the burden (in disability-adjusted

life years) of consuming poultry meat was higher than the

burden of consuming vegetables. In Ethiopia, estimates were

also generated for the burden of consuming beef and dairy,

which were similar and somewhat lower than the burden of

consuming vegetables.
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FIGURE 8

Attribution of disease burden (Disability-Adjusted Life Years per

100,000 population) of non-typhoidal Salmonella enterica to

food types and food products in Burkina Faso in 2017. See

Figure 1 for explanation of violin plots.
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