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Summary 

Africa Sustainable Livestock 2050 (ASL2050) aims to understand how Africa’s changing 
livestock sector will affect public health, environment and livelihoods. ASL2050 has produced 
six papers comparing livestock sector development in Asia and Sub-Saharan Africa. These 
broad overviews sharpen our understanding, highlight contrasts and similarities, test 
hypotheses, and inform the decision-making process. 

Comparing livestock sector development in Asia and Sub-Saharan Africa: 

1. Framework for comparative analysis 
2. Comparative analysis of the drivers of livestock sector development 
3. Comparison of sector growth and transformation 
4. Comparative analysis of public health impacts 
5. Comparison of livelihoods impacts 
6. Comparison of environmental impacts 

This paper presents a comparative review of the impact of the livestock sector on public health 
in Asia and Sub-Saharan Africa (SSA). 

 The burden of nutritional deficiencies is substantially higher in SSA than Asia, but has 
significantly declined in all sub-regions between 1990 and 2010. In Asian sub-regions, iron 
deficiency anaemia (IDA) is the predominant cause of nutritional deficiency while in SSA 
protein-energy malnutrition (PEM) is at least as if not more important than IDA. Unlike 
PEM, the burden of IDA is highly negatively correlated (r=-0.8) with the daily per capita 
supply of animal protein. 

 The burden of communicable diseases, which includes zoonoses, is substantially higher 
(more than double) in SSA than in the Asian sub-regions. The burden of communicable 
disease has significantly declined across all sub-regions with the exception of South Africa 
(SAF), but was higher in SSA in 2010 than it was in Asia in 1990. Notable are the much 
higher burdens of malaria and HIV/AIDS in SSA, which, in addition to malnutrition, 
aggravate to impact of other diseases. 

 Gastrointestinal diseases (GID) are responsible for a considerable proportion (10 to 20 
percent) of the burden of communicable diseases in most sub-regions, the exceptions 
being East Asia and SAF. Assuming that 50 percent of the diarrhoeal burden is caused by 
zoonotic pathogens (Schlundt et al., 2004), the zoonotic GID burden in 2010 would be 
3 349, 2 157, 1 826 and 1 331 DALYs/100 000 in West, East, Central and South Africa 
respectively vs. 1 022, 22 and 330 DALYs/100 000 in South, East and Southeast Asia. 

 In Asia, leptospirosis and Japanese encephalitis appear to be responsible for the largest 
share of systemic zoonotic disease associated with (but not exclusively maintained by) 
livestock. In SSA, invasive non-typhoidal salmonellosis (iNTS) causes the largest burden of 
human disease within the group of livestock associated systemic zoonoses, followed by 
leptospirosis, M. bovis tuberculosis, and cysticercosis. 

 Although at times of high importance in poor livestock keeping communities, the overall 
burden of systemic zoonoses associated with livestock appears to be low vis-à-vis the total 
burden of communicable diseases as well as vis-à-vis the burden of zoonotic GIDs (with 
the exception of East Asia). 

 The cumulative total of deaths from emerging zoonotic diseases over the past 20 years 
has been around 100 000 in Asia and around 90 000 in Africa, which corresponds to 
around 0.5 percent of deaths from communicable diseases in each of the regions. 

 Market research suggests that in 2011 the value of antimicrobials for use in livestock sold 
in the Asian region amounted to USD 1.8 billion, close to half of global total sales value. 
Compared to Asia (and OECD countries) AMU in livestock is currently low in SSA. It has 
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been estimated that up to 60 percent of the antimicrobials used in SSA and Asia may be 
sub-standard. 

 For Asia, a systematic review of literature suggests that levels of AMR in indicator bacteria 
isolated of from livestock and livestock products in Asia by far exceeded those reported 
by OECD countries conducting systematic antimicrobial resistance (AMR) monitoring. No 
comparable systematic review has been carried out for SSA, but cursory review of 
available literature from Ghana, Kenya, Uganda and Zimbabwe reveals rather widespread 
presence of AMR in indicator bacteria isolated from livestock and livestock products. 

 The Infectious Disease Vulnerability Index provides a comprehensive assessment of 
national health systems and their capacity to prevent, detect, contain and respond to the 
spread of disease and other hazards, mitigating social disruptions and limiting risks to 
international travel and trade. The country scores suggest that 22 out of the world’s 25 
most vulnerable countries are in the Africa region. 

 Emerging zoonotic diseases and the proliferation of AMR appear to be the main human 
health threats associated with the projected growth and transformation of animal 
production while the relative and absolute importance of endemic zoonoses is likely to 
diminish. The very significant challenges of EIDs and AMR proliferation are best addressed 
by a focussed application of the One-Health approach in regions identified as ‘hotspots’. 

Key words: livestock development, zoonoses, AMR, public health, Asia, Sub-Saharan Africa 
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1. Introduction 

In the past ten years, the African continent has been one of the fastest-growing economic 
regions of the world. The rate of per capita income growth in Africa is comparable or greater 
to that of the Asian Tiger and Latin Puma markets and they have been nicknamed the ‘lion 
markets’ (Steinfeld and Chilonda, 2006). As GDP and consumer purchasing power grow, so 
will the demand for livestock products, including meat, milk, eggs. In response, producers will 
significantly invest in and expand livestock production and respective value chains. These 
investments will result in an increased supply of animal source foods aimed at satisfying 
consumer demand. However, if uncontrolled, the anticipated expansion of livestock 
production is likely to also have negative effects on public health, the environment and 
livelihoods, as experience elsewhere, for instance in Asia, has shown. Understanding long-
term changes in livestock systems and their likely impacts on society is thus of paramount 
importance to formulate and implement policies that ensure sustainable livestock production. 

This paper aims to contribute to better understanding the possible development trajectories 
of livestock Africa and their consequences on public health by reviewing past livestock sector 
development in Asia. Livestock sector development affects human health directly via nutrition 
and zoonotic disease agents and indirectly through its environmental impacts. Furthermore, 
livestock production affects human health outcomes through its contribution to the 
expansion of antimicrobial resistance (AMR) among disease causing organisms. The paper 
provides a comparison of trends in the overall human health situation, the effects of livestock 
sector developments on nutrition and burden of livestock-associated zoonoses, the extent of 
AMR and the quality of health systems in Asia and Sub-Saharan Africa (SSA) and their 
respective sub-regions.  

2. Human health in Asia and SSA 

The total burden of human disease (as measured in DALYs1/100 000) is substantially higher in 
SSA than in Asia (Fig. 1). In 2010, the burden of disease in sub-regions of SSA was close to 
double that experienced in Asia (60 000 to 70 000 DALYs/100 000 vs. 25 000 to 40 000 
DALYs/100 000). A positive development over the period 1990 to 2010 is the significant 
decline (by 30 percent or more) of the overall burden of disease in all but one of the Asian and 
SSA sub-regions, the exception being Southern Africa (SAF), where HIV/AIDS has dramatically 
increased. Excluding HIV/AIDS, the burden of communicable diseases has declined even more 
(by more than 45 percent) than the overall burden of disease in each of the seven sub-regions 
(details in Tables A.1 and A.2). 

                                                        
1 Disability-adjusted life year (DALY) - A health gap measure that combines the years of life lost due to premature 
death (YLL) and the years lived with disability (YLD) from a disease or condition, for varying degrees of severity, 
making time itself the common metric for death and disability. One DALY equates to one year of healthy life lost. 
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Figure 1 Burden of disease (1 000 DALYs/100 000) attributable to selected disease groups 
in 1990 and 2010 by Asian and SSA sub-region 

  
Source: IHME-GBD, 2015 

 
2.1 ASF, nutrition and human health 

Animal source foods (ASFs) are dense and palatable sources of energy and high-quality protein 
and also provide a variety of essential micronutrients, some of which, such as vitamin A, 
vitamin B12, riboflavin, calcium, iron, zinc, and various essential fatty acids, are difficult to 
obtain in adequate amounts from plant-based foods alone (Murphy and Allen, 2003). ASFs 
provide multiple micronutrients simultaneously, which can be important in diets that are 
lacking in more than one nutrient. These characteristics make ASFs important for population 
groups with limited food intake capacity relative to their needs, such as young children, and 
pregnant and lactating women.  

WHO (2002) considers 0.83g/kg body weight per day protein would be expected to meet the 
requirements of most (97.5 percent) of the healthy adult population. Around 50 g of protein 
would thus satisfy the daily protein requirement of an adult weighing 60 kg. For children at 1 
year of age suggested requirements are 1.14 g/kg per day and 0.91 g/kg per day for 10-year-
olds. Additional protein is recommended for pregnant women of 1, 9 and 31 g protein/day in 
the first, second and third trimesters, respectively. For lactating women, an average of 19 g 
protein/day is required, falling to 12.5 g protein/day after 6 months.  

Daily per capita protein supply from vegetal and animal source food and changes between 
1990 and 2010 are shown in Fig. 2 (and Tables A.3 and A.4). Total per capita protein supply 
has improved across all sub-regions with East Asia (EA) and Southeast Asia (SEA) having the 
highest increases (around 35 percent). With respect to per capita animal (terrestrial and 
aquatic animals) protein supply, East and Southeast Asia again have experienced the highest 
increases (111 percent and 81 percent) while in South Asia (SA) and sub-regions of SSA 
increases were far more modest. In 2010, per capita animal protein supply in these sub-
regions was in the order of 10 to 15g per day. 
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Figure 2 Daily per capita protein supply (g) by Asian and SSA sub-region 

  

Source: elaborated from FAOSTAT (Food Supply) 

Similar to the overall burden of disease, the burden of nutritional deficiencies is substantially 
higher in SSA than Asia, but has again significantly declined in all sub-regions (Fig. 2, Tables 
A.5, A.6). In Asian sub-regions, iron deficiency anaemia (IDA) is the predominant cause of 
nutritional deficiency while in SSA protein-energy malnutrition (PEM) is at least as if not more 
important than IDA. In all sub-regions, the burden of PEM has decreased more markedly than 
the burden of IDA. Unlike PEM, the burden of IDA is highly negatively correlated (r = −0.8) with 
the daily per capita supply of animal protein, evidencing the importance of ASF for the supply 
of readily absorbable iron.  

Figure 3 Burden of nutritional deficiencies (protein-energy malnutrition (PEM) and iron 
deficiency anaemia (IDA)) (DALYs/100 000) by Asian and SSA sub-region 

  
Source: IHME-GBD, 2015 
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2.2 Livestock-associated zoonoses 

Similar to the total burden of disease, the burden of communicable diseases, which includes 
zoonoses, is substantially higher (more than double) in SSA than in the Asian sub-regions (Fig. 
4, Tables A.7, A.8). As mentioned earlier, the burden of communicable disease has significantly 
declined across all sub-regions with the exception of SAF, but was higher in SSA in 2010 than 
it was in Asia in 1990. Notable are the much higher burdens of malaria and HIV/AIDS in SSA, 
which, in addition to malnutrition, aggravate to impact of other diseases.  

Figure 4 Communicable disease burden (DALYs/100 000) in Asian and SSA sub-regions 

  
Source: IHME-GBD, 2015 

 
2.3 Endemic zoonotic pathogens causing GIDs 

Gastrointestinal diseases are responsible for a considerable proportion (10 to 20 percent) of 
the burden of communicable diseases in most sub-regions, the exceptions being East Asia and 
SAF. 

GIDs are caused by numerous pathogens comprising viruses, bacteria and protozoa, many of 
which are not zoonotic. However, a number of organisms causing GID in humans are 
harboured in livestock without causing signs of disease in the latter. The most important of 
these organisms are: Campylobacter spp., Cryptosporidium spp., Salmonella enterica, Giardia 
intestinalis and selected serogroups / -types of E. coli. Kirk et al. (2015) estimate that 
combined the above organisms are responsible for 60 to 70 percent of GID DALYs in SSA, 
South, East and Southeast Asia (Annex Fig. A.1). In the WHO Southeast Asia region, which 
comprises India, as for SSA, Kirk et al. (2015) attributed around 20 percent of GID DALYs to 
Campylobacter spp. and Salmonella enterica, for which humans are not the main reservoirs. 
For the WHO West Pacific Region, which comprises China, the same authors attribute around 
40 percent of GID DALYs to the above two pathogens (mainly Campylobacter spp.). Attribution 
of 25 percent of GID DALYs to zoonotic pathogens from livestock thus probably represents a 
low bound for the livestock-associated burden of GID as it omits human disease caused by 
livestock-derived strains of E. coli. Schlundt et al. (2004) estimate that 50 percent of the 
diarrhoeal burden is caused by zoonoses. The range of livestock-associated GID DALYs by 
Asian and SSA sub-region in 2010, at 25 percent and 50 percent attribution, are presented in 
Table 1. 
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Table 1 Human burden (DALYs/100 000) of gastro-intestinal diseases (GIDs) and GID burden 
attributable to zoonotic pathogens associated with livestock at 25 percent and 50 percent 
attribution by Asian and SSA sub-region in 2010 

GIDs 
Asia SSA 

S. Asia E. Asia SE. Asia WAF EAF CAF SAF 

Total 2 043  44 660 6 697 4 314 3 958 2 661 

50% zoon 1 022  22 330 3 349 2 157 1 826 1 331 

25% zoon    511  11 165 1 674 1 079    990    665 
Source: elaborated from IHME-GBD, 2015 and Kirk et al., 2015 

As with communicable diseases in general, the burden of GID likely to be caused by livestock-
derived organisms is two to three times higher in SSA than in Asia. Some of the GID causing 
zoonotic pathogens are mainly food-borne, e.g. Campylobacter spp. and Salmonella enterica, 
others however are predominantly transmitted from livestock to humans by water 
contaminated with animal waste, e.g. Cryptosporidium spp. and Giardia spp. (see Fig. A.2). 

2.3 Endemic zoonotic pathogens causing systemic disease 

Estimates of DALYs associated with the main endemic zoonotic pathogens causing systemic 
(invasive) disease by Asian and SSA sub-region in 2010 are presented in Table 2. In Asia, 
leptospirosis and Japanese encephalitis appear to be responsible for the largest share of 
systemic zoonotic disease associated with (but not exclusively maintained by) livestock. In 
SSA, invasive non-typhoidal salmonellosis (iNTS) causes the largest burden of human disease 
within the group of livestock associated systemic zoonoses, followed by leptospirosis, M. bovis 
tuberculosis, and cysticercosis. A review by Ao et al. (2015) found that the two most common 
serovars causing iNTS infections were S. enterica serovars Typhimurium and Enteritidis, 
accounting for 65.2 percent and 33.1 percent of all iNTS serotyped isolates, respectively. Host 
risk factors appear to play a major role in the epidemiology of iNTS disease in Africa, as the 
disease is closely associated with malaria and malnutrition among infants and children and 
with HIV infection among adults. 

No estimates of the impact of Q-fever on human health could be found in the literature but it 
appears that in SSA, Q-fever consistently accounts for a notable proportion of 
undifferentiated human febrile illness and infective endocarditis in cohort studies. Q-fever 
possibly presents a real yet underappreciated threat to human and animal health throughout 
Africa (Dean et al., 2013; Vanderburgh et al., 2014). 
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Table 2 Disease burden (DALYs/100 000) attributable to endemic zoonotic pathogens 
causing ‘systemic’ disease by Asian and SSA sub-region in 2010 

Disease 
Asia SSA 

S.Asia E.Asia SE.Asia WAF EAF CAF SAF 

Livestock-associated zoonoses 

Brucellosis     < 1      <1     <1 2 

Cysticercosis        6        2        1      13      19      34     20 

iNTS        9        6        9 169 

JE (2002)      82        9      22        0        0        0        0 

Leptospirosis      61       22      83      49    107      79      18 

Listeriosis        1        1        1 1 

RVF (2005)        0        0        0 .05 – 1.6 

T.b.rhodesiense        0        0        0        0   ≈23        0        0 

TB (all) 1 388    162 1 012    787 1 458 1 820 2 411 

   M.bovis1      19        2      14      22      41      51      68 

 ≈180   ≈45 ≈130  ≈260 ≈365 ≈340  ≈280   

Zoonoses mainly associated with non-livestock species 

Cyst. echinococc.        2        2       2        3        5        3        2 

FB trematodiasis        0    108      10        0        0        0        0 

Leishmaniasis      66        3      0        3       47      <1      <1 

Rabies      36        7     11      65      70      16        5 
Source: if not stated otherwise, IHME-GBD, 2015; leptospirosis: elaborated from Torgerson et al., 2015; 
brucellosis, iNTS and listeriosis from Kirk et al., 2015; RVF elaborated from LaBeaud et al., 2011. 
1 zoonotic proportion taken as 1.4 percent for Asia and 2.8 percent for SSA based on Müller et al. 2013. 

 
Although at times of high importance in poor livestock keeping communities, the overall 
burden of systemic zoonoses associated with livestock appears to be low vis-à-vis the total 
burden of communicable diseases as well as vis-à-vis the burden of zoonotic GIDs (with the 
exception of East Asia). As most other communicable diseases, systemic zoonoses for which 
1990 and 2010 estimates are available (e.g. cysticercosis, rhodesiense sleeping sickness, 
rabies) display a declining trend (Tables A.9 and A.10). 

2.4 Emerging zoonotic diseases 

Over the past 20 years, several emerging zoonotic diseases have been the cause of major 
public health crises. For example, HPAI H5N1 emerged in East Asia in 1996 and has since 
become endemic in poultry in a number of countries in Asia as well as in Egypt, Nipah caused 
a major outbreak affecting humans and pigs in Malaysia in 1998, and SARS emerged in PR 
China in 2002. Human fatalities from major emerging zoonotic disease epidemics in Asia and 
SSA since 1996 are reported in Table 3. Four of the seven EIDs listed emerged in Asia, one in 
the Middle East, one in SSA and one in Latin America. The cumulative total of deaths from 
emerging zoonotic diseases over the past 20 years has been around 100 000 in Asia and 
around 90 000 in Africa, which corresponds to around 0.5 percent of deaths from 
communicable diseases in each of the regions. pH1N1, which emerged in Latin America and 
was of moderate virulence but of high human to human transmissibility, by far caused the 
greatest number of human deaths. 
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Table 3 Human deaths due to ‘emerging’ zoonotic disease outbreaks / epidemics by Asian 
and SSA sub-region since 1996 (up to July 2017) 

EID Sub-
region 

1996-
2000 

2001-
2005 

2006-
2010 

2011-
2015 

2016/17 Total 

Asia        

H5N1 S.Asia -- --     4     7 --          11 

 E.Asia   18     9   31   13 --          71 

 SE.Asia -- 139 189   89 --        417 

Nipah S.Asia -- -- -- -- --    -- 

 E.Asia -- -- -- -- --    -- 

 SE.Asia 276 -- -- -- --      276 

SARS S.Asia --        3 -- -- --           3 

 E.Asia -- 7 441 -- -- --   7 441 

 SE.Asia --    331 -- -- --      331 

pH1N1 SEAR -- -- 59 5001 -- -- 59 5001 

 WPR -- -- 31 1001 -- -- 31 1001 

MERS S.Asia -- -- -- -- --    -- 

 E.Asia -- -- -- 186 --      186 

 SE.Asia -- -- --     4 --          4 

H7N9 S.Asia -- -- -- -- -- -- 

 E.Asia -- -- -- 691 840   1 531 

 SE.Asia -- -- -- -- -- -- 

SSA        

H5N1 Western -- -- 1 -- -- 1 

 Eastern -- -- 1 -- -- 1 

 Central -- -- -- -- -- -- 

 Southern -- -- -- -- -- -- 

pH1N1 Western -- -- 

58 8001 

-- -- 

58 8001 
 Eastern -- -- -- -- 

 Central -- -- -- -- 

 Southern -- -- -- -- 

Ebola Western -- -- -- 28 6522 -- 28 652 

 Eastern -- 4253 149 18 --      592 

 Central 97 317 296 102 8      820 

 Southern  2 -- -- -- --          2 

Marburg Western -- -- -- -- -- -- 

 Eastern --  2 15 2      19 

 Central 128 227 -- -- --    353 

 Southern -- -- -- -- -- -- 
1 Respiratory deaths only; 2 epidemic lasted until 2016; 3 outbreak started in 2000 
Sources: H5N1: WHO, 2017a, http://www.who.int/influenza/human_animal_interface/ 
H5N1_cumulative_table_archives/en/; SARS: WHO, 2004; pH1N1: Dawood et al., 2012; H7N9: WHO, 2017a; 
Ebola: https://www.cdc.gov/vhf/ebola/outbreaks/history/chronology.html 
Marburg: Pigott et al., 2015 and WHO, 2017b 

Although ultimately the human health burden imposed by EID epidemics so far has been 
relatively moderate, losses caused by disruption of economic activities have been immense. 
The total economic damage caused by SARS has been estimated in the range of USD 40–50bn, 
with direct costs of the disease (medical costs of diagnosis, treatment, and productivity losses) 
accounting for less than 2 percent of the total ‘cost’ (Newcomb, 2008). The 2015 outbreak of 
MERS in South Korea resulted in over USD 1bn in lost economic activity (US Department of 

http://www.who.int/influenza/human_animal_interface/%20H5N1_cumulative_table_archives/en/
http://www.who.int/influenza/human_animal_interface/%20H5N1_cumulative_table_archives/en/
https://www.cdc.gov/vhf/ebola/outbreaks/history/chronology.html
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State, 2016). Output forgone due to Ebola in 2015 in the three heavily affected countries alone 
has been estimated at more than USD 1.6 billion, over 12 percent of their combined GDP with 
another USD 0.5bn of losses accrued to the African regional economy (beyond the directly 
affected countries) (Thomas et al., 2015). 

3. Antimicrobial use (AMU) and antimicrobial resistance (AMR) 

Little data on the use of antimicrobials in farm animals in Asia and SSA can be found in the 
published literature and the lack of AMR surveillance systems means there are no reliable 
national data on the level of AMR in animals and their products. However, market research 
suggests that in 2011 the value of antimicrobials for use in livestock sold in the Asian region 
amounted to USD 1.8 billion, close to half of global total sales value (TMR, 2012). Around 70 
percent of these antimicrobials are used in poultry and pig production. 

Van Boeckel et al. (2015) estimated AMU across the globe by combining information on (i) 
antimicrobial consumption in food animals obtained from government veterinary agencies, 
agriculture ministries, scientific publications, and personal communications with academic 
researchers; (ii) prevailing production systems and AMU within these systems by species, and 
(iii) livestock densities (Fig. 5).  In South and Southeast Asia, antimicrobial consumption 
hotspots include the southeast coast of China, Guangdong and Sichuan provinces, the Red 
River delta in Viet Nam, the northern suburbs of Bangkok, and the south coast of India and 
the cities of Mumbai and Delhi. The only notable hotspots of antimicrobial consumption in 
Africa were the Nile delta and the city of Johannesburg and its surrounding townships. 

Figure 5 Modelled antibiotic consumption in livestock (milligrams per 10 km2) in Asia and 
Africa 

 
Source: Van Boeckel et al., 2015 

Compared to Asia (and OECD countries) AMU in livestock is currently low in SSA. However, 
with progressive intensification, particularly of the poultry sector, this is likely to change. It is 
generally assumed that farmers in resource-poor settings in SSA are unlikely to use large 
quantities of antibiotics for livestock production, but studies on AMU, microbial 
contamination and antibacterial resistance in the meat and dairy value chains found that 
antibacterial agents were regularly used even on small-scale farms as well as by agro-
pastoralists (e.g. Caudell et al., 2017; Kariuki et al., 2013; Orwa et al., 2017; Sekyere, 2014). In 
Kenya for instance, oxytetracycline was the most commonly used antibacterial among small-
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scale poultry farmers, and soluble tetracyclines were used for specific therapies as well as for 
growth promotion. Additionally, sulphonamides and nitrofurans were also popular for the 
control of coccidiosis and poultry colibacillosis (Kariuki et al., 2013). 

No systematic monitoring of AMR in microorganisms isolated from livestock or livestock 
products is carried out in Asia or SSA and currently all information on the extent of AMR in 
these organisms stems from individual, often small-scale research efforts. However, for Asia, 
a systematic literature review by Chuanchuen et al. (2014) found that most studies reported 
high to very high levels of resistance to a wide spectrum of classes of antibiotics in isolates of 
Campylobacter spp., Enterobacter spp., E. coli, and Salmonella enterica. Comparison with AMR 
data from OECD countries with systematic AMR monitoring systems revealed that the levels 
of resistance found across Asia by far exceeded those reported by any of the countries in the 
comparison. No comparable systematic review has been carried out for SSA, but cursory 
review of available literature from Ghana, Kenya, Uganda and Zimbabwe reveals rather 
widespread presence of AMR in indicator bacteria isolated from livestock and livestock 
products (Table 4). 

Table 4 Presence (✔) of resistance in Salmonella and E. coli isolates from livestock in Ghana, 
Kenya, Uganda and Zimbabwe to selected antibiotics 

AB Class Compound Ghana Kenya Uganda Zimbabwe 

AMI Gentamicin ✔ ✔ ✔ ✔ 

AMI Streptomycin ✔ ✔ ✔ ✔ 

CEP 3 Cefotaxim    ✔ 

CEP 3 Ceftrixone ✔ ✔ ✔  

MAC Erythromycin ✔ ✔ ✔  

PEN Amoxicillin ✔ ✔ ✔ ✔ 

PEN Ampicillin ✔ ✔ ✔  

PEN Methicillin  ✔   

PEN Penicillin ✔ ✔  ✔ 

PHE Chloramphenicol ✔ ✔ ✔  

QUI Ciprofloxacin ✔ ✔ ✔ ✔ 

QUI Nalidixic acid ✔ ✔ ✔ ✔ 

SUL Sulfonamide ✔ ✔   

SUL/TRI Cotrimoxazole ✔ ✔ ✔  

SUL/TRI Sulfa - Trimet ✔ ✔ ✔ ✔ 

TET Oxytetracycline       ✔ 

TET Tetracycline ✔ ✔ ✔ ✔ 

OTH Meropenem   NR  

OTH Aztreonam   ✔  

OTH Vancomycin ✔    
NR = tested but no resistance 
Sources: Afema et al., 2016; Byaruguba et al., 2011; Kariuki et al., 2013; Moschonas, 2016. 

In Kenya for example, Kariuki et al. (2013) report high prevalence of resistance (tetracycline 
(60 percent), trimethoprim/sulphamethoxazole (54 percent), and ampicillin (30 percent) in E. 
coli isolates from retail chicken meats in Nairobi, consistent with those from chickens on small-
scale farms, and the reported antibiotic usage either in water or as feed additives. E. coli 
isolates from beef carcasses at three abattoir locations were most frequently resistant to 
tetracycline, ampicillin, and trimethoprim/sulphamethoxazole, with 33 percent resistant to 
two or three antibiotics. In Uganda, Byarugaba et al. (2011) investigated the levels and 
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patterns of AMR in resistance-indicator bacteria E. coli and Enterococci of food animal origin. 
Overall 35 and 46 percent of Enterococci and E. coli were resistant to five or more antibiotics, 
respectively. Similarly, Salmonella Kentucky isolated from poultry in Uganda exhibited 
extensive drug resistance characterized by resistance to 10 antimicrobials. Overall, shared 
genotypes and AMR phenotypes were found in NTS from human, livestock and environmental 
sources, suggesting zoonotic and environmental transmissions most likely occur (Afema et al., 
2016).  

Although current information on AMR in livestock-associated bacteria only stems from 
isolated research efforts, the available studies do suggest that AMU in livestock in Asia and 
SSA contributes to the enlargement of the pool of AMR resistance genes, which easily move 
from populations of bacteria mainly harboured by animals to populations harboured by 
humans. 

4. Health systems and vulnerability to health threats 

The alarming frequency with which new diseases have emerged over the past decades and 
their severe economic consequences as well as the related threat of drug-resistant infections 
has focused international attention on health systems and their capacity to prevent, detect, 
contain and respond to the spread of disease and other hazards, mitigating social disruptions 
and limiting risks to international travel and trade. Given the transboundary nature of 
infectious diseases and AMR, health systems comprise capabilities and capacities at 
community, country, regional, and global levels. 

The factors determining a country’s overall vulnerability to infectious disease crises occur 
across three major domains: intrinsic vulnerability, preparedness and response capacity, and 
industry sector vulnerability. The first two categories relate to the vulnerability of countries 
to experiencing the propagation of a pathogen through their populations. The third category 
relates to the vulnerability of a country’s economy to the shocks to labour supply, 
consumption and trade that occur following an outbreak (World Bank, 2017a). Several efforts 
are underway to develop indexes that capture the preparedness status of countries. The 
Infectious Disease Vulnerability Index, developed by Moore et al., 2016, further breaks down 
the three major domains and comprises seven domains and 36 factors (Fig. 6). 

The index has been used to identify countries and regions that are most vulnerable to disease 
outbreaks. The country scores so computed suggest that 22 out of the world’s 25 most 
vulnerable countries are in the Africa region. Fig. 7 presents vulnerability / resilience scores 
for Asian and SSA sub-regions. 

The overall resilience score is highest for the East Asia and Southern Africa sub-region, 
followed by Southeast and South Asia, while CAF is regarded as being most vulnerable to 
infectious disease outbreaks. With respect to ‘disease dynamics’, i.e. the propensity of 
diseases to emerge and / or spread, scores of predominantly tropical regions are similar while 
‘resilience’ is deemed to be higher in the more temperate regions of East Asia and Southern 
Africa. The ‘public health’ scores, which take into account basic public health infrastructure, 
water sanitation and hygiene etc., show the largest difference between Asian and SSA sub-
regions, the exception being SAF, which has a comparatively strong public health system. 
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Figure 6 Domains and factors associated with disease outbreak vulnerability in the 
Infectious Disease Vulnerability Index 

 

Source: Moore et al., 2016 
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Figure 7 Scores for disease vulnerability domains by Asian and SSA sub-region (1=highest 
level of resilience) 

Overall Disease dynamics 

  

Health care Public health 

  
Demographics Domestic policy environment  

  

Source: elaborated from Moore et al., 2016 
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5. Discussion and conclusion 

Economic development and rising standards of living go hand in hand with general 
improvements in nutrition and health. The overall burden of human disease has declined 
markedly between 1990 and 2010, both in Asia and SSA with the burden of communicable 
disease showing even larger declines, in relative as well as in absolute terms, than the overall 
decline. 

Endemic zoonotic disease burdens follow the same general trend, despite massive expansion 
of livestock production. As societies and the livestock sector develop, the proportion (and 
subsequently also the number) of households keeping livestock decreases, reducing 
opportunities for direct transmission of zoonotic disease from livestock to humans. Increases 
in livestock production are mainly the result of the expansion of extensive to semi-intensive 
(and then to intensive) production systems, which apply higher management and animal 
health standards, further reducing the risk of occupational zoonotic disease transmission. 
Improvements in sanitation, e.g. access to safe water, decrease the risk of environmental 
exposure to zoonotic pathogens for the population at large, while better food handling and 
preparation reduce the burden of food-borne diseases. Grace et al. (2012) note that in low-
income countries zoonoses account for a much higher share of the infectious disease burden 
than in high-income countries and that the poor are over-proportionally affected. 

Among zoonoses associated with livestock, pathogens causing gastrointestinal disease in 
humans are responsible for the largest zoonotic disease burden in six of the seven sub-regions 
considered (Fig. 8). All of these can be food-borne, which should however not lead to 
discouraging the consumption of ASF as nutritional deficiencies, e.g. iron-deficiency anaemia, 
which can greatly be reduced through moderate consumption of ASF, are also responsible for 
a non-negligible disease burden, which, in the Asian sub-regions, is higher than that of 
livestock-associated GID.  

Although GID-causing zoonotic pathogens can be transmitted through food, the main 
exposure pathways for the different organisms remain unclear. A recent review found that 
domestic animal husbandry was associated with human diarrheal disease in 20 out of 29 
studies (Zambrano et al., 2014), the surmised pathway being faecal-oral pathogen 
transmission to young children in the household. In a large-scale multi-country study of the 
effect of child (6 to 24 months) exposure to animal faeces Headey et al. (2017) found that the 
presence of animal faeces is significantly and negatively associated with child height-for-age 
z scores in Ethiopia (β = −0.22), Bangladesh (β = −0.13), and in a pooled sample (β = −0.11), 
but not in Viet Nam. There was also suggestive evidence that animal faeces may be positively 
associated with diarrhoea symptoms in Bangladesh. 
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Figure 8 Estimated burden of IDA, zoonotic GIDs and systemic zoonotic diseases 
associated with livestock (2010) by Asian and SSA sub-region 

  
Source: IHME-GBD, 2015 

Domestic animals such as, poultry, cattle, sheep and pigs generate 85 percent of the world’s 
animal faecal waste, and a far more than the amount produced by humans. In addition to 
contaminating soil, faecal wastes (and the zoonotic pathogens they may contain) can enter 
surface water bodies used as sources of drinking-water, for recreation, of commercial shellfish 
harvesting and animal to human waterborne transmission has been documented for several 
pathogens, particularly Cryptosporidium spp. and Giardia spp., but waterborne transmission 
of E. coli O157 and Salmonella have also been documented and has been associated with 
disease outbreaks (WHO, 2012).  

The human health burden of endemic livestock-associated zoonoses causing systemic disease 
appears rather limited vis-à-vis those causing GID. This general finding was mirrored in a 
detailed study of livestock associated zoonoses in Kampala by Makita et al. 2011. Some of the 
systemic zoonoses however also cause clinical disease in livestock, at times in the form of 
outbreaks, and can therefore cause significant losses to livestock keepers. Consequently, 
these are the priority zoonoses for animal heath services and control measures for these 
diseases usually comprise movement and trade restrictions, which add to the economic losses 
they cause to the livestock industry. Brucellosis and tuberculosis normally feature on the 
priority list of zoonotic diseases in livestock. Both are chronic diseases and their incidence in 
livestock tends to decrease with intensification due to stronger segregation of animals, and, 
in the case of brucellosis, wider application of vaccination. These two diseases are therefore 
likely to remain of some importance in extensively managed livestock while their overall 
impact on the livestock sector, which is low vis-à-vis acute diseases such as FMD, ECF or PPR, 
is likely to decrease. Most human infections with brucellosis or tuberculosis can be prevented 
by pasteurization of milk. As Njeru et al. (2016) observe in Kenya, human cases are more likely 
seen in groups occupationally or domestically exposed to livestock or practicing risky social-
cultural activities such as consumption of raw blood and dairy products, and slaughtering of 
animals within the homesteads. 

In contrast to the known endemic zoonoses, new zoonotic diseases have been emerging in 
alarming succession, particularly in East Asia. Their emergence results from changes in the 
ecological interactions between the causative organism, its hosts, and the environment in 
which they co-occur. Expansion of livestock production can be a cause of these environmental 
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disturbances leading to disease emergence and, at the same time, livestock can play an 
important role as bridge and/or amplifier promoting human infection. In their synthesis of the 
Grand Challenges in Environmental Sciences, the National Research Council (2001) listed 
infectious disease as one of the eight most pressing environmental issues, advocating a 
‘systems-level’ approach to understanding disease emergence. However, the ecology of 
zoonotic diseases is often remarkably complex, thus rendering predictions of their responses 
to anthropogenic change notably difficult (Daszak et al. 2000, Patz et al. 2004). 

The repeated emergence of new variants of avian influenza viruses in East Asia shows that, 
with regards to livestock production, a paradigm shift in the approach to development and 
implementation of disease risk management strategies is required. The risk governance 
framework proposed by the International Risk Governance Council (IRGC) provides a platform 
that should allow the development of more effective prevention and control policies for AIVs 
and other emerging diseases (Renn et al., 2010; Roodenrijs et al., 2014). In addition to the 
standard elements of risk handling – risk assessment, management and communication – the 
IRGC framework incorporates additional elements (e.g. risk-related decision making, the 
problem-solving capacities of diverse actors, etc.) to reflect the need to deal with risk in a way 
that fully accounts for the societal context of both the risk and the decision that is reached. 
Given the potentially large economic impact of emerging diseases, Sands et al. (2016) argue 
to systematically include analyses of economic vulnerability to infectious disease crises in 
overall assessments of economic growth and stability.  

While viruses and pandemic threats capture more headlines, arguably the greatest risk to 
human health comes in the form of AMR in bacteria. The impacts of AMR on human health 
are likely to be highest in poorer countries, as the spread of pathogens is facilitated by poor 
hygiene, polluted water supplies, overcrowding in urban areas, and people who are immuno-
compromised due to malnutrition.  

In most SSA countries, the increasing trends of antibacterial resistance could be partly 
attributed to the high disease burden of infectious diseases affecting people. The top five killer 
diseases are treatable infectious diseases, with acute respiratory infections, diarrheal 
diseases, and HIV/ AIDS-related complications among the leading causes of mortality. 
HIV/AIDS has predisposed populations to undue increase in the utilization of antibiotics to 
prevent and treat opportunistic infections, raising concerns over the looming emergence and 
spread of resistance to cheap and well-tolerated antibiotics (Kariuki and Dougan, 2014). 

Although the relative contribution of AMU in humans and animals to the increase in AMR 
remains a matter of debate, inappropriate AMU in livestock production is certainly a 
contributing cause as the bulk of AMU is in livestock2. A recent review and meta-analysis of 
studies on reduction of AMU in livestock has shown that restricting antibiotic use was 
associated with a reduction in the presence of antibiotic-resistant bacteria in these animals 
and in the studied human populations, particularly those with direct exposure to food-
producing animals (Tang et al., 2017). While smallholder systems may rely less on 
antimicrobials than large-scale, intensive systems, they often use over-the-counter drugs 
without veterinary advice. In most countries in Asia and SSA veterinary drugs are freely 
available without prescription, and administered directly by farmers without veterinary 
consultation. Inappropriate, sub-lethal, dosing promotes selection for AMR among the 
exposed bacteria that survive. Use of counterfeit and substandard antimicrobials aggravates 
AMR and it has been estimated that up to 60 percent of the antimicrobials used in SSA and 
Asia may be sub-standard (World Bank, 2017b). 

                                                        
2 Worldwide, in 2010, livestock consumed at least 63 200 tonnes of antibiotics (perhaps up to 240 000 tonnes), 
far exceeding total human consumption (World Bank, 2017b). 
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Antibiotics are not used only to treat infections, but, by guarding against infection, they also 
make possible medical procedures such as surgery, organ transplantation, the survival of pre-
term babies, etc. Demographic and lifestyle trends such as ageing populations, changes in diet 
and declining rates of physical activity are increasing the rates of chronic diseases which are 
currently treated through surgery that would be impossible without effective antibiotics. 

Using a dynamic, multi-country, multi-sector, general equilibrium model, the World Bank 
(2017) estimates that in an optimistic ‘low AMR’ scenario the losses of world output would 
exceed USD 1 trillion annually after 2030 and reach USD 2 trillion annually by 2050. In the 
‘high AMR’ scenario, the absolute levels of losses are three times as high, reaching USD 3.4 
trillion annually by 2030 and rising further to USD 6.1 trillion annually by 2050. The impacts of 
AMR are not distributed equally among countries at different levels of per capita income. The 
negative impact in low-income countries (4.4 to 5.6 percent of GDP) is more pronounced than 
in high-income countries (3.1 percent of GDP). The two main reasons for this difference are a 
higher incidence of infectious diseases and a higher dependence on labour incomes in low-
income countries than in high-income countries. 

In summary, it appears that emerging zoonotic diseases and the proliferation of AMR are the 
main human health threats associated with the projected growth and transformation of 
animal production while the relative and absolute importance of endemic zoonoses is likely 
to diminish. Within the EIDs, influenza A viruses (IAVs), harboured by wild and domestic 
waterfowl, poultry and pigs represent one major pool of emerging disease pathogens. The 
vast number of pigs and poultry and their high spatial concentration in areas with large human 
populations predispose Asia to remain the epicentre for the emergence of zoonotic strains of 
IAVs. Known and yet to be discovered microorganisms harboured by wildlife constitute 
another major pool of emerging disease pathogens, of which RNA viruses seem to be more 
prone to zoonotic transmission than DNA viruses (Kreuder Johnson et al., 2015). However, 
even for wildlife pathogens, domestic animals play a key role in cross-species transmission 
and function as bridge between wildlife and humans. Areas of confluence of wildlife 
biodiversity and domestic animals thus constitute of increased risk of zoonotic disease 
emergence. As illustrated by Jones et al. (2008), such areas exist both in Asia and SSA. 

Viruses transmitted by arthropod vectors appear to have a broader host range than non-
vector borne viruses (Kreuder Johnson et al., 2015), and perhaps the greatest health risk of 
arboviral emergence comes from extensive tropical urbanization and the colonization of this 
expanding habitat by the highly anthropophilic mosquito, Aedes aegypti. Viruses such as 
dengue and chikungunya viruses, which circulate among wild animals, have lost the 
requirement for enzootic amplification and now produce extensive epidemics in tropical 
urban centers (Weaver and Reisen, 2010). Hunting, which is quite common in in coastal West 
Africa and Central Africa, poses special risk for cross-species disease transmission of blood-
borne zoonotic viruses and hunting of high-risk host species carries an increased probability 
of spillover of zoonotic viruses that can be further spread by human-to-human transmission 
(Kreuder Johnson et al., 2015). 

Global consumption of antimicrobials in food animal production is projected to rise by 67 
percent between 2010 and 2030. One third of this shift is imputable to a shift in farming 
practices, with a larger proportion of animals projected to be raised in intensive farming 
systems while the two thirds are due to the growing number of animals raised for food 
production. Three of the five countries with the greatest projected percentage increases in 
antimicrobial consumption by 2030 are in Asia (Indonesia, Myanmar, Viet Nam), one in SSA 
(Nigeria), and one in Latin America (Peru) (Van Boeckel et al., 2015). The rise in AMU is 
primarily driven by intensive poultry and pig production, in which, by animal weight, 
antimicrobial use is between three and four times as high as in intensive cattle production. 
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A One Health approach is increasingly being promoted for dealing with risks at the animal – 
human interface (e.g. Nabarro and Wannous, 2014; Zinsstag et al., 2007). Important features 
of the One Health approach are: 

 Institutional integration across human, domestic animal, and wildlife health 
disciplines for selected disease issues, particularly surveillance; 

 Intensified focus on research and education regarding disease emergence and 
prevention at human-animal interfaces; 

 Improved monitoring and surveillance, genomic research, and field studies to better 
understand disease interactions across species boundaries; 

 Increased investment in wildlife health science as an essential component of global 
disease prevention and health promotion; 

 Focus on measures to prevent ‘spillover’ and ‘spillback’ of pathogens through better 
management of human activities, livestock, and ecosystems. 

It is suggested to complement the One Health approach with elements of foresight3 and the 
broader risk governance framework to best address the very significant challenges of EIDs and 
AMR proliferation in regions identified as ‘hotspots’. 

  

                                                        
3 Rather than making predictions based on extrapolation of current trends or frequency of similar past events, 
foresight cultivates the capacity to anticipate alternative futures. 
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Annex 1: Overview 

Table A.1 DALYs/100 000 people attributable to all causes and to selected disease categories 
by Asian sub-region in 1990 and 2010 

Sub-region Cause 
DALYs / 100 000 Change 1990 - 2010 

1990 2010 Abs % 

South All causes 66 751 41 803 -24 948  -37 

 COMM 24 652   9 097 -15 555  -63 

 HIV/AIDS        72      552        480 667 

 MAT&NEON 13 578   6 553   -7 025  -52 

 NCDs 19 986 19 831      -155    -1 

 NUT DEF   2 850   1 750   -1 100  -39 

 INJ   5 613   4 020   -1 593  -28 

East All causes 36 680 26 067 -10 613  -29 

 COMM   5 963   1 102   -4 861  -82 

 HIV/AIDS          3        78          75 2 500 

 MAT&NEON   3 624      797   -2 827  -78 

 NCDs 20 948 20 529      -419   -2 

 NUT DEF      791      432      -359  -45 

 INJ   5 351   3 129   -2 222  -42 

Southeast All causes 42 339 30 002 -12 337  -29 

 COMM 14 538   4 877   -9 661  -66 

 HIV/AIDS        41      389       348 849 

 MAT&NEON   5 205   2 283   -2 922  -56 

 NCDs 17 124 18 654    1 530     9 

 NUT DEF   1 406      721      -685  -49 

 INJ   4 025   3 078      -947  -24 
Source: IHME-GBD, 2015 
COMM = Communicable, MAT&NEON = Maternal and neonatal, NCDs = Non-communicable diseases, NUT DEF = 
Nutritional deficiencies, INJ = Injuries 
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Table A.2 DALYs/100 000 people attributable to all causes and to selected disease categories 
by SSA sub-region in 1990 and 2010 

Sub-region Cause 
DALYs / 100 000 Change 1990 - 2010 

1990 2010 Abs % 

Western All causes 103 815 69 966 -33 849  -33 

 COMM   57 157 31 298 -25 859  -45 

 HIV/AIDS        854   4 843    3 989 467 

 MAT&NEON   14 835 10 907   -3 928  -26 

 NCDs   18 502 15 683   -2 819  -15 

 NUT DEF     7 193   3 609   -3 584  -50 

 INJ     5 274   3 626   -1 648  -31 

Eastern All causes 105 137 59 048 -46 089  -44 

 COMM   54 087 20 703 -33 384  -62 

 HIV/AIDS     3 444   7 665    4 221 123 

 MAT&NEON   13 895   7 859   -6 036  -43 

 NCDs   18 940 15 491   -3 449  -18 

 NUT DEF     6 782   3 343   -3 439  -51 

 INJ     7 989   3 987   -4 002  -50 

Central All causes 104 361 72 719 -31 642  -30 

 COMM   55 094 31 590 -23 504  -43 

 HIV/AIDS     2 265   4 559    2 294 101 

 MAT&NEON   12 637   9 710   -2 927  -23 

 NCDs   19 987 17 466   -2 521  -13 

 NUT DEF     6 473   4 030   -2 443  -38 

 INJ     7 905   5 364   -2 541  -32 

Southern All causes   49 640 72 814  23 174   47 

 COMM   14 858 10 055   -4 803  -32 

 HIV/AIDS     1 663 32 455  30 792 1 852 

 MAT&NEON     6 355   4 862   -1 493  -23 

 NCDs   17 428 18 584     1 156     7 

 NUT DEF     1 950   1 285       -665  -34 

 INJ     7 386   5 573   -1 813  -25 
Source: IHME-GBD, 2015 
COMM = Communicable, MAT&NEON = Maternal and neonatal, NCDs = Non-communicable diseases, NUT DEF = 
Nutritional deficiencies, INJ = Injuries 
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Annex 2: ASF, nutrition and human health 

Table A.3 Average daily per capita protein supply (g) by Asian sub-region in 1990 and 2010 

Sub-region 
Protein 
source 

Per capita protein supply 
(g/day) 

Growth Lstk share 
in growth 

1990 2010 (%) (%) 

S. Asia Vegetal   44.6 47.2     6  

 Animal     9.7 13.7   42  

    Seafood     1.2   2.0   74  

    Livestock     8.5 11.7   38  

 Total   54.2 60.9   12 48 

E. Asia Vegetal   50.6 55.6   10  

 Animal   18.0 38.1 111  

    Seafood     5.3   8.9   67  

    Livestock   12.7 29.2 130  

 Total   68.6 93.7   37 66 

SE. Asia Vegetal   35.4 41.7   18  

 Animal   13.0 23.5   81  

    Seafood     5.9   9.9   67  

    Livestock     7.1 13.6   92  

 Total   48.4 65.2   35 39 
Source: elaborated from FAOSTAT (Food Supply) 

 
Table A.4 Average daily per capita protein supply (g) by SSA sub-region in 1990 and 2010 

Sub-region 
Protein 
source 

Per capita protein supply 
(g/day) 

Growth Lstk share 
in growth 

1990 2010 (%) (%) 

Western Vegetal 42.1 52.7  25  

 Animal 10.1 12.1  20  

    Seafood   3.3   4.1  24  

    Livestock   6.8   8.0  18  

 Total 52.2 64.9  24     9 

Eastern Vegetal 39.4 45.9  17  

 Animal 10.2 10.5    3  

    Seafood   1.9   1.5 -21  

    Livestock   8.3   9.0    8  

 Total 49.6 56.4  14   10 

Central Vegetal 30.6 45.1  47  

 Animal 14.2 14.6    3  

    Seafood   4.4   3.9 -11  

    Livestock   9.8 10.7    9  

 Total 44.7 59.6  33      6 

Southern Vegetal 47.2 48.1    2  

 Animal 25.5 31.9  25  

    Seafood   2.8   1.7 -39  

    Livestock 22.7 30.2  33  

 Total 72.7 80.1  10 101 
Source: elaborated from FAOSTAT (Food Supply) 
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Table A.5 Disease burden (DALYs/100 000) attributable overall to nutritional deficiencies 
(ND), and to protein-energy malnutrition (PEM), and iron deficiency anaemia (IDA) by Asian 
sub-region in 1990 and 2010 

Sub-region Cause 
DALYs / 100 000 Change 1990 - 2010 

1990 2010 Abs % 

South All NDs 2 850 1 750 -1 099 -39 

 PEM    918    289    -629 -69 

 IDA 1 635 1 334    -301 -18 

East All NDs    791    432    -359 -45 

 PEM    249      27    -222 -89 

 IDA    492    376    -116 -23 

Southeast All NDs 1 406    721    -686 -49 

 PEM    365    124    -241 -66 

 IDA    859    541    -318 -37 
Source: IHME-GBD, 2015 

 
Table A.6 Disease burden (DALYs/100 000) attributable overall to nutritional deficiencies 
(ND), and to protein-energy malnutrition (PEM), and iron deficiency anemia (IDA) by SSA 
sub-region in 1990 and 2010 

Sub-region Cause 
DALYs / 100 000 Change 1990 - 2010 

1990 2010 Abs % 

Western All NDs 7 193 3 609 -3 584 -50 

 PEM 5 555 2 223 -3 332 -60 

 IDA 1 533 1 338    -195 -13 

Eastern All NDs 6 782 3 343 -3 439 -51 

 PEM 4 700 1 942 -2 757 -59 

 IDA 1 873 1 297    -576 -31 

Central All NDs 6 473 4 030 -2 443 -38 

 PEM 4 569 2 549 -2 020 -44 

 IDA 1 687 1 380    -308 -18 

Southern All NDs 1 950 1 285    -665 -34 

 PEM 1 098    571    -526 -48 

 IDA    746    628    -119 -16 
Source: IHME-GBD, 2015 
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Annex 3: Livestock-associated zoonoses 

Table A.7 Human burden (DALYs/100 000) of gastro-intestinal diseases (GIDs) and estimates 
of GID burden attributable to zoonotic pathogens associated with livestock by Asian sub-
region in 1990 and 2010 

Sub-region Cause 
DALYs / 100 000 Change 1990 - 2010 

1990 2010 Abs % 

South All GIDs 5 705 2 043 -3 662 -64 

 50% zoon 2 853 1 022 -1 831  

 25% zoon 1 426    511    -916  

East All GIDs    543      44    -499 -92 

 50% zoon    272      22    -250  

 25% zoon    136      11    -125  

Southeast All GIDs 2 444   660 -1 784 -73 

 50% zoon 1 222   330    -892  

 25% zoon    611   165    -446  
Source: IHME-GBD, 2015 

 
Table A.8 Human burden (DALYs/100 000 people) of gastro-intestinal diseases (GIDs) and 
estimates of GID burden attributable to zoonotic pathogens associated with livestock by SSA 
sub-region in 1990 and 2010  

Sub-region Cause 
DALYs / 100 000 Change 1990 - 2010 

1990 2010 Abs % 

Western All GIDs 11 739 6 697 -5 042 -43 

 50% zoon   5 870 3 349 -2 521  

 25% zoon   2 935 1 674 -1 261  

Eastern All GIDs 11 897 4 314 -7 583 -64 

 50% zoon   5 949 2 157 -3 792  

 25% zoon   2 974 1 079 -1 896  

Central All GIDs   7 612 3 958 -3 654 -48 

 50% zoon   3 806 1 979 -1 827  

 25% zoon   1 903    990    -914  

Southern All GIDs   5 460 2 661 -2 799 -51 

 50% zoon   2 730 1 331 -1 400  

 25% zoon   1 365    665    -700  
Source: IHME-GBD, 2015 
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Figure A.1 GID DALYs by pathogen and WHO Region 

 
Source: Kirk et al. 2015 

 

Figure A.2 Transmission pathways of zoonotic GID pathogens exemplified by E. coli 

 
Source: Croxton et al., 2013 
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Table A.9 Burden of ‘systemic’ (invasive) zoonoses (DALYs/100 000) attributable to endemic 
pathogens by Asian sub-region in 1990 and 2010  

Sub-
region 

Cause DALYs / 100 000 Change 1990 - 2010 

 1990 2010 Abs % 

South TB (all) 2 727 1 388 -1 339 -49 

    M.bovis1      38      19      -19  

 FB trematodiasis        0        0   

 Leishmaniasis      77      66      -11 -15 

 Cysticercosis        8        6        -2 -20 

 Cyst. echinococcosis        4        2        -2 -45 

 Rabies    181      36    -145 -80 

 Leptospirosis     na      61   

 Brucellosis     na     < 1   

 Listeriosis     na        1   

 iNTS     na        9   

 JE (2002)     na      82   

East TB (all)    476    162    -314 -66 

    M.bovis1        7        2        -5  

 FB trematodiasis    104    108         4    4 

 Leishmaniasis     10        3       -7 -73 

 Cysticercosis        4        2       -2 -55 

 Cyst. echinococcosis        4        2       -2 -56 

 Rabies      23        7     -16 -68 

 Leptospirosis     na      22   

 Brucellosis     na     <1   

 Listeriosis     na       1   

 iNTS     na       6   

 JE (2002)     na       9   

S.East TB (all) 1 845 1 012    -834 -45 

    M.bovis1      26      14      -12  

 FB trematodiasis        8      10         2 30 

 Leishmaniasis        0        0         0 -46 

 Cysticercosis       3       1        -2 -65 

 Cyst. echinococcosis       2       2        -1 -24 

 Rabies     52     11      -40 -78 

 Leptospirosis     na     83   

 Brucellosis     na    <1   

 Listeriosis     na      1   

 iNTS     na      9   

 JE (2002)     na    22   
Source: if not stated otherwise, IHME-GBD, 2015; Leptospirosis: elaborated from Torgerson et al., 2015; 
Brucellosis, iNTS and Listeriosis: from Kirk et al., 2015, SEAR estimates reported for SA and SEA, WPR estimate for 
EA; JE from WHO, 2004; 
1 zoonotic proportion taken as 1.4 percent based on Müller et al. 2013 
Note: Livestock are only the main source of infection for M. bovis TB, cysticercosis, brucellosis, listeriosis, some 
leptospira serovars, and possibly iNTS. 
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Table A.10 Burden of ‘systemic’ (invasive) zoonoses (DALYs/100 000) attributable to 
endemic pathogens by SSA sub-region in 1990 and 2010  

Sub-
region 

Cause DALYs / 100 000 Change 1990 - 2010 

 1990 2010 Abs % 

Western TB (all) 1 364    787     -577 -42 

    M.bovis1      38      22       -16  

 Trypanosomosis      50      11       -39 -78 

    T.b.rhodesiense        0        0          0  

 Cysticercosis      15      13         -2 -14 

 Cyst. echinococcosis        5        3         -3 -49 

 Rabies    118      65       -53 -45 

 Leishmaniasis    <1      <1         0 -11 

 Leptospirosis   na      49   

Eastern TB (all) 2 600 1 458 -1 143 -44 

    M.bovis1      73      41       -32  

 Trypanosomosis    319      23     -296 -93 

    T.b.rhodesiense ≈319    ≈23     -296  

 Cysticercosis      27      19         -8 -29 

 Cyst. echinococcosis      10        5         -6 -55 

 Rabies    128      70       -58 -45 

 Leishmaniasis      52      47         -5   -9 

 Leptospirosis   na    107   

Central TB (all) 2 596 1 820     -776 -30 

    M.bovis1      73      51       -22  

 Trypanosomosis 1 096    244     -852 -78 

    T.b.rhodesiense        0        0         0  

 Cysticercosis      47      34     -12 -27 

 Cyst. echinococcosis        5        3       -2 -45 

 Rabies      35      16     -18 -53 

 Leishmaniasis       3       3        0   -2 

 Leptospirosis   na      79   

Southern TB (all) 2 295 2 411    116    5 

    M.bovis1      64      68        3  

 Trypanosomosis        1       1        0    7 

    T.b.rhodesiense        1       1        0  

 Cysticercosis      33     20    -13 -40 

 Cyst. echinococcosis        3        2     -1 -34 

 Rabies        5        5      0    2 

 Leishmaniasis   <0.1   <0.1      0 403 

 Leptospirosis   na      18   

SSA Brucellosis   na        2   

 Listeriosis   na        1   

 iNTS   na    169   

 RVF (2005)   na .05 – 1.6   
Source: if not stated otherwise, IHME-GBD, 2015; leptospirosis: elaborated from Torgerson et al., 2015; 
brucellosis, iNTS and listeriosis from Kirk et al., 2015; RVF elaborated from LaBeaud et al., 2011;  
1 zoonotic proportion taken as 2.8 percent based on Müller et al. 2013. 
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