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WHO estimates of the global, regional, and national burden of 
eight foodborne non-diarrhoeal enteric disease hazards, 
2000–21: an updated data synthesis
Shannon E Majowicz, Elaine Scallan Walter, Sara M Pires, Yuki Minato, Luria L Founou, Brecht Devleesschauwer, Carlotta di Bari, Arie H Havelaar, 
Louise Vaes, Teresa Estrada-Garcia, Charlee Roberts, Tesfaye Gobena, Ashok Kumar, Fadi Al Natour, Robin J Lake, Gabriela F Nane, Kim Fernandez, 
John A Crump, Martyn D Kirk, on behalf of the Foodborne Disease Burden Epidemiology Reference Group for 2021–25*

Summary
Background Foodborne diseases cause substantial illness and death globally. We updated WHO estimates of the 
burden caused by non-diarrhoeal enteric disease hazards: Brucella spp; Clostridium botulinum; hepatitis A virus; 
Listeria monocytogenes; Mycobacterium bovis, Mycobacterium caprae, and Mycobacterium orygis; invasive non- 
typhoidal Salmonella enterica (iNTS); S enterica serotypes Paratyphi A, B, and C; and S enterica serotype Typhi 
(S Typhi).

Methods We estimated illnesses, deaths, and disability-adjusted life-years (DALYs) for 194 countries for 2000–21 using 
data from systematic reviews, the 2021 Global Burden of Diseases, Injuries, and Risk Factors Study 2021, a structured 
expert judgement study, and WHO country consultations. We used disease-specific computational models and 
hierarchical metaregression modelling with geographical clustering, a global linear time trend, and uncertainty 
propagation.

Findings In 2021, transmission of these eight hazards by food collectively caused 24⋅0 million illnesses (95% 
uncertainty interval 16⋅9–31⋅7), 106 000 deaths (63 900–169 000), and 7⋅26 million DALYs (4⋅15–12⋅0). S Typhi, iNTS, 
and hepatitis A virus caused most DALYs. The greatest burden was in the WHO African region, followed by the 
South-East Asia region. Mortality was 5⋅2 times higher and DALY rates were 8⋅3 times higher in children younger 
than 5 years compared with people aged 5 years and older. The burden for all hazards, except L monocytogenes, 
decreased from 2000 to 2021, with S Typhi replacing iNTS as the leading cause of foodborne DALYs.

Interpretation Non-diarrhoeal enteric diseases still cause considerable foodborne disease burden, despite decreases 
over time. Vulnerable populations, particularly children in low-income countries, bear the greatest burden. 
Integrated efforts including vaccination, food safety, clean water, sanitation, hygiene, and improved health-care 
access are required.

Funding WHO.

Copyright © 2026 World Health Organization; licensee Elsevier Ltd. This is an open access article under the CC BY 
IGO license (http://creativecommons.org/licenses/by/3.0/igo/).

Introduction
Foodborne enteric diseases are an important cause of ill
ness and death globally.1,2 Although many predominantly 
manifest as diarrhoea, agents such as hepatitis A virus 
(HAV), Listeria monocytogenes, and Salmonella enterica 
serotype Typhi (S Typhi) are primarily invasive, causing 
manifestations including bacteraemia, hepatitis, and 
meningitis.1,2 Although the incidence of invasive enteric 
diseases is lower than for diarrhoeal diseases, the associated 
mortality is high, resulting in a similar disease burden.1

Other enteric hazards produce potent toxins in improperly 
preserved foods. Notably, Clostridium botulinum and related 
clostridial species produce toxins causing botulism, a 
severe illness affecting the nervous system that can be fatal.3

WHO, with support from the Foodborne Disease Burden 
Epidemiology Reference Group (FERG), estimated that 
invasive enteric pathogens transmitted via contaminated 

food resulted in 25⋅6 million illnesses, 147 000 deaths, and 
9⋅11 million disability-adjusted life-years (DALYs) globally 
in 2010, with a disproportionately high burden in low- 
income and middle-income countries and among chil
dren younger than 5 years.1,2 Estimates for four agents 
causing intoxication, including C botulinum, were gen
erated for high-income countries only, due to insufficient 
data elsewhere.1

Global-level and national-level data on foodborne disease 
burden remain essential to justifying food safety and other 
disease prevention investments. In response to a World 
Health Assembly mandate to update estimates,4 WHO 
reconvened the FERG technical advisory group in 2021 to 
estimate the global burden due to 42 hazards.5–7 The Enteric 
Diseases Task Force provided technical leadership on esti
mating the burden of enteric diseases from viruses, 
protozoa, and bacteria, supported by the large network of 
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WHO collaborators.7 In this study, we report updated 
WHO estimates of incidence, mortality, and DALYs for 
194 countries for the period 2000–21 caused by seven 
invasive enteric disease hazards and one intoxication haz
ard (hereafter, non-diarrhoeal enteric disease hazards), 
defined as the following groups: Brucella spp; C botulinum; 
HAV; L monocytogenes; Mycobacterium bovis, caprae, and orygis 
(hereafter zoonotic Mycobacterium tuberculosis complex, 
MTBC); invasive non-typhoidal S enterica (iNTS); S enterica 
serotypes Paratyphi A, Paratyphi B, and Paratyphi C 
(S Paratyphi A, B, and C); and S Typhi.

Methods
Overall approach
We estimated the global, regional, and national disease 
burden of foodborne hazards for all people over time for 
2000–21 inclusive, following a standard FERG protocol by 
which the 42 FERG hazards were analysed using the same 
computational framework by a single analysis team.7,8 For 
each hazard, we either used an envelope approach or used a 
natural history approach when a syndrome or disease 
envelope was absent (appendix 1 p 8). We followed global 
health (GATHER)9 and burden of disease (STROBOD)10
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Research in context

Evidence before this study
In 2015, WHO published the first global burden of foodborne 
diseases estimates; these showed that in 2010, invasive enteric 
agents transmitted via contaminated food resulted in 
25⋅6 million illnesses, 147 000 deaths, and 9⋅11 million disability- 
adjusted life-years (DALYs) globally, with disproportionately high 
burden in low-income and middle-income countries and among 
children younger than 5 years. Estimates for four agents causing 
intoxication, including Clostridium botulinum, were generated for 
high-income countries only, due to insufficient data in much of 
the world. Although subsequent global estimates have shown 
that the burden of major invasive enteric pathogens—such as 
Salmonella enterica serotypes Typhi, Paratyphi A, Paratyphi B, and 
Paratyphi C, and hepatitis A virus (HAV)—are generally declining, 
updated estimates specific to foodborne transmission, and for 
other important foodborne pathogens such as Listeria 
monocytogenes, are absent. In 2020, the 73rd World Health 
Assembly called for updated global burden of foodborne disease 
estimates to support countries in improving food safety systems, 
and in 2021, WHO reconvened the Foodborne Disease Burden 
Epidemiology Reference Group to provide technical leadership on 
this task. From Sept 1, 2021 to Dec 15, 2022, we iteratively 
searched MEDLINE, PROSPERO, and healthdata.org to identify 
globally relevant estimates of the incidence, mortality, or DALYs 
caused by seven invasive enteric disease hazards and one 
intoxication hazard (hereafter non-diarrhoeal enteric disease 
hazards: Brucella spp; C botulinum; HAV; L monocytogenes; 
Mycobacterium bovis, caprae, and orygis; invasive non-typhoidal 
S enterica [iNTS]; S Paratyphi A, B, and C; and S Typhi). We 
searched by pathogen name, disease name (eg, brucellosis), and 
metric keywords (eg, incidence, burden, and DALYs), and 
considered studies in all languages. For hazards without 
estimates, WHO commissioned a series of systematic reviews on 
the incidence, aetiology, sequelae, and case fatality or mortality, 
to which we added further data meeting review inclusion criteria 
identified during WHO country consultation with member states.

Added value of this study
These findings provide updated global and regional estimates, 
and the first national estimates for 194 countries, of the 
foodborne burden of eight non-diarrhoeal enteric disease hazards 

for the period 2000–21. In 2021, these hazards resulted in 
15⋅1 million DALYs, of which almost half (7⋅26 million DALYs) 
were due to contaminated food. Despite declines over time, these 
hazards have remained substantial causes of foodborne disease 
burden particularly in children younger than 5 years—in whom the 
burden was ten times that in older children and adults—and in 
low-income and middle-income countries, with the burden 
highest in the African region, followed by the South-East Asia 
region and the Eastern Mediterranean region. S Typhi, iNTS, and 
HAV have remained responsible for the greatest foodborne 
burden among hazards considered here, although this varied by 
region and country. By 2021, S Typhi had replaced iNTS as the 
leading cause of foodborne DALYs globally. These findings show, 
for the first time, internally consistent national patterns and 
changes in foodborne disease burden over time, with substantial 
improvements in the past decades for many hazards but not all, 
and with persisting inequalities revealed.

Implications of all the available evidence
Improved safety of the worldwide food supply and in water and 
sanitation, and the impact of human and animal vaccination 
programmes, have contributed to a general decline in the 
foodborne disease burden due to non-diarrhoeal enteric hazards. 
Nevertheless, the current burden of non-diarrhoeal enteric 
diseases remains high enough for countries and national and 
international health and food safety agencies to justify targeted 
and context-specific interventions to prevent foodborne diseases, 
and improved health-care access to mitigate serious 
consequences, focusing on young children for whom there is the 
greatest need. Interventions include: food supply chain 
improvements such as pasteurisation and prevention of food 
contamination during growing, harvest, processing, and 
preparation; further improvements in water and sanitation; 
consumer food safety programmes that improve safe handling 
and preparation of food by individuals; expanded human 
vaccination programmes; and elimination efforts and vaccination 
in animals. These estimates, together with new WHO estimates of 
the foodborne burden due to diarrhoeal, invasive parasitic, and 
chemical hazards, provide a comprehensive picture of the full 
global burden of foodborne diseases.
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study reporting guidelines (appendix 1 pp 47–56), and 
report regional results for the six WHO regions.7,8

The Enteric Diseases Task Force systematically assessed 
potential hazards using a risk prioritisation matrix 
(appendix 1 pp 2–4),8 excluding those we considered 
infrequently foodborne or with sparse data. 21 enteric dis
ease hazards were identified (appendix 1 pp 4–5), including 
the eight above.

WHO commissioned a series of systematic reviews on 
the incidence, aetiology, sequelae, and case fatality or 
mortality of these hazards, which formed the basis of our 
estimation. We also used draw-level estimates from the 
Global Burden of Diseases, Injuries, and Risk Factors Study 
(GBD) 2021, stratified by age, sex, country, and year from 
2000 to 2021, obtained directly from the Institute for Health 
Metrics and Evaluation (appendix 1 pp 6, 9–21). We inclu
ded additional data that met review inclusion criteria 
identified during internal FERG review and the WHO 
obligatory country consultation process (appendix 1 p 7). 
For HAV, zoonotic MTBC, and iNTS, we considered sub
regions, which were the six WHO regions subdivided by 
World Bank income classifications (appendix 1 pp 11, 
14–17).8

All decisions, data sources, reviews, and assumptions are 
detailed and referenced in appendix 1; datapoints by hazard 
used in the analyses are detailed elsewhere.8

Estimating illnesses, sequelae, and deaths
For HAV, S Paratyphi A, B, and C, and S Typhi, we used 
draw-level incidence and mortality estimates from GBD 
2021 to estimate the incidence of acute hepatitis A, para
typhoid fever (including the sequela paratyphoid intestinal 
perforation), typhoid fever (including the sequelae 
typhoid intestinal perforation and gastrointestinal bleed), 
and mortality. Following feedback during the WHO coun
try consultation process, acute hepatitis incidence esti
mates in subregion A countries were reduced by a 
factor of 58 (appendix 1 p 11), to align estimated 
incidences with countries’ current HAV case numbers 
from established national surveillance systems, corrected 
for underascertainment.

We used data from a review to estimate the incidence of 
acute and chronic brucellosis and associated mortality 
caused by Brucella spp (appendix 1 pp 9–10). 30 countries 
with Brucella-free status in both domestic and wild animals 
in 2021 per the World Organisation for Animal Health were 
assigned the lowest estimated incidence from the review 
(appendix 1 p 9). We used data from a review on perinatal 
and non-perinatal listeriosis to estimate the incidence of 
invasive L monocytogenes infections,11 which included 
septicaemia (defined as bacteraemia), central nervous sys
tem infection, and neurological sequelae, and estimated 
mortality from a previous review (appendix 1 pp 12–14).11

We used data from a review to estimate the incidence and 
mortality of classic foodborne botulism in people aged 
5 years and older caused by C botulinum (appendix 1 
pp 21–22). We used data from an update of a previous 

review (appendix 1 pp 16–18)12,13 to estimate the incidence 
of iNTS disease, with an adjustment for the fraction of iNTS 
resulting from HIV using country-specific population- 
attributable fractions from GBD 2021, stratified by 5-year 
increment and age, obtained directly from the Institute 
for Health Metrics and Evaluation (appendix 1 p 17).

For zoonotic MTBC, we estimated the incidence and 
mortality using an envelope approach. We used incidence 
and mortality estimates for all tuberculosis for 2021 from 
GBD Compare,14 and applied the proportion of tuberculosis 
that is zoonotic based on a review (appendix 1 pp 14–16). 
70 countries with tuberculosis-free status in both domestic 
and wild animals, in 2020 according to the World Organ
isation for Animal Health or in 2022 according to the EU, 
were assigned the lowest proportion of tuberculosis that 
was zoonotic from the review. Mortality was reduced by 
20% in all countries, to account for zoonotic tuberculosis 
causing more extrapulmonary infections that have a lower 
case-fatality ratio than pulmonary infections. WHO data for all 
tuberculosis were used to estimate the age and sex distribution 
of zoonotic MTBC (appendix 1 pp 14–16).

We aimed to collect sex-disaggregated data, and specified 
sex-specific distributions where data were available 
(appendix 1 pp 9–22).

Estimating DALYs
We calculated years lived with disability and years of life lost 
due to premature mortality following a standard approach 
detailed elsewhere (appendix 1 p 6).8

Estimating the proportion foodborne
To estimate the proportion of each hazard transmitted 
by contaminated food, we used results from a WHO- 
commissioned structured expert judgment study, where 
83 distinct experts provided 245 specific hazard–subregion 
assessments across the 17 subregions.15 For L monocytogenes 
and C botulinum, we considered 100% foodborne 
transmission.1,2

Statistical analysis
Analyses were done in R (version 4.5.0) to estimate ill
nesses, deaths, and DALYs by country-year using disease- 
specific computational models, as summarised in 
appendix 1 (pp 6–7) and detailed elsewhere (including 
data manipulations and modelling specifics).8

Role of the funding source
The study funder contributed to: reviews, review updates, 
and the structured expert judgment study (and helping to 
recruit experts and elicitors) that provided the data used; 
the computations (Sciensano); and expert consultation 
(University of Florida). The study funder managed the 
overall project and the country consultation process that 
identified additional data, although the Enteric Diseases 
Task Force determined whether data met inclusion criteria. 
The study funder cleared the paper in terms of methods 
and approach. WHO technical officers (YM and CR) 

See Online for appendix 1
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(69 900–256 000)

15 800 
(8280–28 600)

689 000 
(367 000–1 220 000)

Salmonella enterica, non- 
typhoidal invasive

437 000 
(184 000–1 030 000)

48 200 
(17 700–118 000)

3 540 000 
(1 300 000–8 500 000)

0⋅655 
(0⋅541–0⋅754)

286 000 
(119 000–663 000)

31 500 
(11 300–77 100)

2 310 000 
(828 000–5 660 000)

Salmonella enterica Paratyphi 
A, B, and C

2 170 000 
(1 570 000–2 970 000)

14 200 
(6350–28 500)

1 060 000 
(477 000–2 070 000)

0⋅348 
(0⋅136–0⋅560)

757 000 
(296 000–1 400 000)

5340 
(1740–11 700)

400 000 
(134 000–880 000)

Salmonella enterica Typhi 7 230 000 
(5 630 000–9 300 000)

94 700 
(46 900–161 000)

7 450 000 
(3 800 000–12 900 000)

0⋅381 
(0⋅155–0⋅634)

2 740 000 
(1 060 000–4 940 000)

36 000 
(11 900–74 600)

2 840 000 
(960 000–5 910 000)

Intoxications 667 
(375–1250)

35 
(14–74)

1530 
(611–3240)

1⋅000 
(1⋅000–1⋅000)

667 
(375–1250)

35 
(14–74)

1530 
(611–3240)

Clostridium botulinum 667 
(375–1250)

35 
(14–74)

1530 
(611–3240)

1⋅000 
(1⋅000–1⋅000)

667 
(375–1250)

35 
(14–74)

1530 
(611–3240)

Total 66 400 000 
(59 800 000–73 100 000)

212 000 
(137 000–316 000)

15 100 000 
(9 590 000–23 000 000)

0⋅362 
(0⋅261–0⋅463)

24 000 000 
(16 900 000–31 700 000)

106 000 
(63 900–169 000)

7 260 000 
(4 150 000–12 000 000)

Data are mean (95% uncertainty interval). DALY=disability-adjusted life-year. *Attribution estimates were derived subregionally; proportions shown here were calculated from the estimated total number of illnesses and the total number that were 
foodborne.

Table 1: Global numbers of foodborne illnesses, deaths, and DALYs by non-diarrhoeal enteric disease hazard, 2021
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cause of foodborne illness and Brucella spp was the third. 
iNTS was also a leading cause of foodborne illness in the 
African region and the region of the Americas, and Brucella 
spp was a leading cause in the Western Pacific region. 
S Paratyphi A, B, and C was a leading cause of foodborne 
illness in the Eastern Mediterranean and South-East Asia 
regions and, in contrast to other invasive enteric diseases, 
was particularly low in the African region (appendix 1 
pp 27–31).

Overall, country-level differences in incidence followed 
the global socioeconomic gradient (figure 1A). Detailed 
national-level estimates are available in the WHO Global 
Health Observatory,16 with time trends for all hazards 
available via the WHO interactive dashboard.17

In 2021, the eight non-diarrhoeal enteric disease hazards 
caused an estimated 212 000 deaths (uncertainty interval 
137 000–316 000), of which 35 (14–74) were due to 
C botulinum (table 1). Of all deaths, 106 000 (63 900– 
169 000) were due to foodborne transmission, of which 
35 000 (17 300–61 900; 33⋅0%) were in children younger 
than 5 years.

The two most frequent foodborne causes of death were 
S Typhi and iNTS, both overall (table 1) and in both age 
groups (table 2). Among children younger than 5 years, 
HAV was the third most frequent foodborne cause of 
death, and among those aged 5 years and older, the third 
most frequent cause was zoonotic MTBC (table 2). Chil
dren younger than 5 years had higher mean rates of food
borne deaths due to HAV, iNTS, S Paratyphi A, B, and C, 
and S Typhi, whereas those aged 5 years and older had 
higher mean rates of foodborne deaths due to 
L monocytogenes and zoonotic MTBC, compared with the 
other age group (table 2).

In 2021, the highest mortality from foodborne non- 
diarrhoeal enteric illnesses was in the African region 
(appendix 1 pp 27–31, figure 1B), followed by the South- 
East Asia and Eastern Mediterranean regions. The high
est mortality from foodborne botulism was in the European 
and South-East Asia regions. The most frequent foodborne 
causes of death varied by WHO region, although zoonotic 
MTBC ranked second or third in all regions. iNTS resulted 
in the most foodborne deaths in the African, Americas, 
European, and Western Pacific regions, and S Typhi 
resulted in the most foodborne deaths in the Eastern 
Mediterranean and South-East Asia regions (appendix 1 
pp 27–31). Foodborne disease deaths generally followed 
the time trends of incidence (appendix 1 pp 32–34).

In 2021, the eight non-diarrhoeal enteric disease hazards 
resulted in 15⋅1 million DALYs (uncertainty interval 
9⋅59–23⋅0), of which 1530 DALYs (611–3240) were due to 
C botulinum (table 1). Of these, 7⋅26 million DALYs 
(4⋅15–12⋅0) were the result of foodborne transmission, of 
which 3⋅18 million DALYs (1⋅58–5⋅62; 43⋅8%) occurred in 
children younger than 5 years. The hazards causing the 
most DALYs were S Typhi, iNTS, and HAV, both from all 
routes of transmission and from foodborne transmission 
(table 1, figure 2), following the same rank order of hazards 
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causing foodborne deaths in children younger than 5 years 
(table 2). Children younger than 5 years had 205⋅3 DALYs 
per 100 000 people (uncertainty interval 65⋅8–431⋅5) 
from S Typhi, 174⋅1 DALYs per 100 000 people (59⋅5– 
416⋅1) from iNTS, and 48⋅8 DALYs per 100 000 people 
(15⋅8–102⋅8) from HAV. In comparison, people aged 

5 years and older had 20⋅2 DALYs per 100 000 people 
(6⋅8–41⋅9) from S Typhi, 15⋅8 DALYs per 100 000 people 
(5⋅56–40⋅1) from iNTS, and 8⋅4 DALYs per 100 000 people 
(4⋅4–15⋅2) from zoonotic MTBC (table 2).

In 2000, iNTS resulted in the most DALYs from all routes 
of transmission, followed by S Typhi, HAV, S Paratyphi A, 

Deaths per 100 000 population

0 2000 4000 km1000

≤1
1·1–2·0
2·1–3·0
3·1–4·0
4·1–5·0
>5·0
Data not available
Not applicable

Incidence per 100 000 population

0 2000 4000 km1000

A

B

≤100
101–200
201–300
301–400
401–500
>500
Data not available
Not applicable

(Figure 1 continues on next page) 

See Online for appendix 2

Articles

6 www.thelancet.com/lancetgh Vol 14 August 2026

http://www.thelancet.com/lancetgh


B, and C, zoonotic MTBC, L monocytogenes, Brucella spp, 
and C botulinum; this rank order was the same for food
borne transmission, except that zoonotic MTBC ranked 
above S Paratyphi A, B, and C (appendix 1 pp 35–36). 
DALYs for all hazards decreased over time, although this 
was more pronounced for hazards such as iNTS, such that 
by 2021, S Typhi replaced iNTS as the leading cause of 
foodborne DALYs globally (appendix 1 pp 35–36). Food
borne disease DALYs generally followed the time trends of 
incidence (appendix 1 pp 32–34).

In 2021, the greatest foodborne DALYs from the eight 
non-diarrhoeal enteric hazards occurred in the African 
region, with 220⋅3 DALYs per 100 000 people (uncertainty 
interval 102⋅3–436⋅4), followed by the South-East Asia 
region (147⋅3 DALYs per 100 000 people [56⋅8–276⋅2]; 
appendix 1 pp 27–31, figure 1C). The highest DALYs 
from foodborne botulism were in the European and East
ern Mediterranean regions (appendix 1 pp 27–31). The 
leading causes of foodborne DALYs varied by region 
(appendix 1 pp 27–31, 37–38) and country (figure 3, 
appendix 1 pp 39–46). iNTS resulted in the most food
borne DALYs in the African, Americas, and European 
regions, for all but a few countries. S Typhi resulted in the 
most foodborne DALYs in the Eastern Mediterranean, 
South-East Asia, and Western Pacific regions, although iNTS 
and zoonotic MTBC were leading causes in some countries.

Country-level differences in foodborne DALYs also fol
lowed the global socioeconomic gradient (figure 1C). Major 
heterogeneity was estimated, with over 100-fold difference 
between the country with the lowest DALYs (Japan: 
6⋅59 DALYs per 100 000 people [uncertainty interval 
1⋅41–25⋅4]) and the country with the highest (Ghana: 
731⋅6 DALYs per 100 000 people [116⋅6–2840]).

Discussion
In this study, we present updated WHO estimates of the 
global burden of eight non-diarrhoeal enteric disease haz
ards, showing that in 2021 they resulted in 15⋅1 million 
DALYs, of which almost half (7⋅26 million DALYs) were 
due to contaminated food. Despite declines during the 
period 2000–21, these hazards remained substantial causes 
of foodborne disease burden particularly in children 
younger than 5 years—for whom the burden was ten 
times that in older children and adults—and in low- 
income and middle-income countries, with the burden 
highest in the African region followed by the South-East 
Asia and Eastern Mediterranean regions. S Typhi, iNTS, 
and HAV remained responsible for the greatest global 
foodborne burden among the hazards considered in this 
study,1,2 although this varied by region and country as 
expected given differences in agriculture, food supply 
chains, food consumption, and cultural practices. 

DALYs per 100 000 population

0 2000 4000 km1000

≤80
81–160
161–240
241–320
321–400
>400
Data not available
Not applicable

C

Figure 1: Mean national rates of foodborne illness incidence (A), deaths (B), and DALYs (C) per 100 000 people due to eight non-diarrhoeal enteric disease hazards, 2021 
Non-diarrhoeal enteric disease hazards: Brucella spp; Clostridium botulinum; hepatitis A virus; Listeria monocytogenes; zoonotic Mycobacterium tuberculosis complex (M bovis, M caprae, and M orygis); invasive 
non-typhoidal Salmonella enterica; S enterica serotypes Paratyphi A, Paratyphi B, and Paratyphi C; and S enterica serotype Typhi (appendix 2). The designations employed and the presentation of the material 
in this publication do not imply the expression of any opinion whatsoever on the part of WHO concerning the legal status of any country, territory, city or area or of its authorities, or concerning the 
delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border lines for which there may not yet be full agreement. DALY=disability-adjusted life-year. Data 
Source: World Health Organization. Map Creation Date: April 23, 2026. Map Production: WHO GIS Centre for Health, DDA. © WHO 2026. All rights reserved.
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Collectively, invasive infections with Salmonella serotypes 
contributed the greatest combined burden,18 largely due 
to the high associated mortality, particularly in children 

younger than 5 years in the African and South-East Asia 
regions.

The temporal declines in incidence and mortality 
observed in this study could reflect the improving safety 
of the worldwide food supply and in water and sanitation, 
and the impact of human and animal vaccination pro
grammes.19–21 Other disease burden estimates also show 
reductions over time, although for some, such as iNTS, 
incidence has reportedly increased.22,23 Our observed 
reductions in iNTS burden might be due to changes in host 
risk factors such as those mediated by malaria control and 
HIV care and treatment, and reduced exposure to iNTS 
organisms through improved food supplies and food and 
water safety. In contrast, the burden of L monocytogenes, an 
opportunistic pathogen common in food production envi
ronments in industrialised countries, increased over time; 
this might reflect greater recognition of L monocytogenes as a 
cause of serious and highly publicised outbreaks, and an 
increase in the size of at-risk populations including older 
people and those undergoing immunosuppressive therapy. 
Despite observed declines, many of our hazards are climate 
sensitive, and increased global temperatures, floods, and 
droughts could result in increased incidence and burden. 
These potential effects emphasise the need to improve and 
maintain national and global food safety efforts.

These updated estimates have many strengths compared 
with the 2010 estimates,1,2 including specific inclusion of 
zoonotic MTBC species beyond M bovis, updated data with 
increased geographical coverage, updated source attribu
tion estimates from more geographically diverse experts, an 
improved modelling approach, and burden estimates over 
time and down to country level. Another strength was the 
country consultation process, through which additional 
data were identified and national estimates were reviewed 
by countries. Although the changes in methods and data 
from the 2015 WHO estimates make it difficult to directly 
compare results, our burden rankings by hazard were 
generally similar.1 Collectively, these improvements also 
allow countries to better design specific interventions and 
optimise resource allocation.

These estimates also have several limitations. Typical of 
global burden of disease studies, there were insufficient 
data to estimate incidence and mortality in many countries. 
Although we addressed this limitation by imputing from 
other countries in the region,8 there is a need for countries 
and international agencies to establish and improve disease 
surveillance systems to capture locally valid data on food
borne illnesses and hazards potentially transmitted by 
food.24 This improvement, with capacity building to inves
tigate outbreaks, would also enhance countries’ abilities to 
improve the safety of their food supply and monitor 
changes over time.25 Another limitation was the reliance on 
incidence and mortality estimates generated by others for 
some hazards, making it difficult to validate some data 
inputs. For example, for typhoid, we might have over
estimated the incidence in children younger than 5 years. 
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Figure 2: Total DALYs globally for eight non-diarrhoeal enteric disease hazards, 2021 
All routes of transmission (A) and foodborne transmission (B), ranked from lowest to highest with 95% uncertainty 
intervals (appendix 2). Logarithmic scale, showing the mean (white dot), IQR (ie, 50% uncertainty interval and 25th 
and 75th percentiles; thick black line), 90% uncertainty interval (ie, 5th and 95th percentiles; thin black line), and 
95% uncertainty interval (ie, 2⋅5th and 97⋅5th percentiles; thin grey line). DALY=disability-adjusted life-year.
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Other limitations include the absence of sex-specific inputs 
for many hazards and the challenge of foodborne attribu
tion. We relied on a global structured expert judgment 
study that attributed sources of infection to different 
transmission modes at a subregional level.15 Despite efforts 
to engage subregional expertise, the number of experts for 
some hazards and subregions was low, necessitating 
imputation from other subregions. For L monocytogenes and 
C botulinum, we attributed all disease to contaminated food 
but recognise that other modes of transmission, although 
very rare, might emerge, such as botulism due to improperly 
handled cosmetic injections of botulinum toxin.26

In this study, we prioritised major non-diarrhoeal enteric 
foodborne hazards and health states with available data, 
meaning that those that are important but under- 
recognised as a foodborne disease hazard, or that have 
insufficient robust data, were excluded. For example, we 
did not include infant botulism, due to insufficient data 
availability and clarity around transmission. Another 
potentially foodborne pathogen we did not include was 
extra-intestinal pathogenic Escherichia coli, which poten
tially results in a substantial burden of disease despite 
unclear links to food.27 Finally, we did not attribute any 
burden to stillbirths due to L monocytogenes and Brucella 
spp, and we were unable to consider the impact of anti
microbial resistance on burden. Thus, the values reported 
here are likely to underestimate the true burden of 

foodborne non-diarrhoeal enteric diseases.11 Future efforts 
to estimate such burden should include additional invasive 
hazards and intoxications, and more data from additional 
countries.

Despite these limitations, our findings have important 
policy implications for health and food safety agencies to 
direct targeted and context-specific interventions to prevent 
foodborne diseases, including focusing efforts on young 
children for whom there is the greatest need. Many hazards 
estimated in this study are preventable through food supply 
chain interventions, improved water and sanitation, or 
vaccination programmes. For Brucella spp and zoonotic 
MTBC, milk pasteurisation is an essential food safety 
intervention, along with elimination efforts in animals. For 
L monocytogenes and C botulinum, improvements in a safe 
and secure food supply are required, from food chain 
interventions through to an emphasis on safe handling and 
preparation of food by consumers. For HAV, for which we 
observed a high incidence, food contamination can occur 
during growing, harvest, processing, and preparation, 
highlighting the need for improvements across the food 
supply chain. Finally, invasive Salmonella infections are 
preventable through vaccination programmes, including 
existing typhoid conjugate vaccines,21 and potentially via 
vaccines in development for S Paratyphi A and NTS sero
types associated with invasive disease in sub-Saharan 
Africa.18,28,29 Additionally, vaccines for animals, including 

Hazard

0 2000 4000 km1000

Hepatitis A virus
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Figure 3: Non-diarrhoeal enteric disease hazards causing the most foodborne disability-adjusted life-years by country, 2021 
For data see appendix 2. The designations employed and the presentation of the material in this publication do not imply the expression of any opinion whatsoever on the part of WHO concerning the legal 
status of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border lines for which 
there may not yet be full agreement. Data Source: World Health Organization. Map Creation Date: April 23, 2026. Map Production: WHO GIS Centre for Health, DDA. © WHO 2026. All rights reserved.
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poultry and cattle, often result in dramatic improvements in 
food safety.20,30

In conclusion, these updated WHO estimates provide 
improved global estimates for serious foodborne hazards, 
including country-specific estimates that can guide action 
and interventions. Although the burden of these foodborne 
diseases has declined over time, the current burden 
remains substantial enough for countries to justify One 
Health public health surveillance for these important dis
eases, as well as targeted and context-specific interventions 
including vaccination, food safety and water and sanitation 
interventions, and improved health-care access.
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