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ENHanCEd Infectious Diseases (EID2) database 



Time cited = 446 

Time cited = 248 

ENHanCEd Infectious Diseases (EID2) database 

Introduction, EID2 database & Methods, Results, Discussion, Conclusions, Future  

Human, livestock & domestic carnivore 
pathogens 



 

• Clinical vs non-clinical infection & source biases 
 

• Updating phylogenetic information  
 

• Updating for emerging pathogens 
 
 
 

• Surveillance/health-care/host biases  
 
 
 

• Domestication of animals  
 

 
• Give no quantitative estimate of pathogens; presence-

only lists 
 

• No taxonomic information to pathogen or host nodes 

Ehrlichia equi -> Anaplasma phagocytophilum 

0/1             2,3,5,8,15 
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Limitations 
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Decision support 
tool 

ENHanCEd Infectious Diseases 
database (EID2) 

Systematic 
lit. review 

Important European pathogens, 
sensitive to climate & likely to be 
affected by climate change 

Important European pathogens 
sensitive to climate 

ENHanCE host  European 
pathogens with high impact 

All pathogens - > All European 
pathogens in ‘ENHanCE hosts’ 
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(1) Describe the EID2 database  

(2) Investigate the validity of using semi-automated literature gathering 
techniques  

(3) Identify the pathogens and hosts at the root of human and domestic 
animal disease networks  

(4) Examine the characteristics of these hosts and pathogens to 
distinguish potential drivers of disease transmission 

(5) Compare EID2 results with those of previous work 

 

“..finalise the development of EID2 into a tool and resource for 
 researchers of pathogens of livestock and domestic pets.” 

BBSRC TRDF - What, where and weather?  
 
 

Aims 
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EID2 sources 
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Key 
Orange – Nucleotide DB & PubMed 
Red – Nucleotide DB  
Yellow – PubMed 

Organism page 
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Scientific name Common name Scientific name Common name 

Agapornis personata Masked lovebird Lama glama Lama 

Agapornis roseicollis Rosy-faced lovebird  Lama pacos Alpaca  

Anas platyrhynchos Domestic duck Meleagris gallopavo Turkey 

Anser anser Domestic goose Melopsittacus undulatus Budgerigar  

Bison bison American bison Meriones unguiculatus Mongolian gerbil 

Bison bonasus European bison Mesocricetus auratus Syrian golden hamster 

Bos indicus Zebu Mus musculus House mouse 

Bos taurus Cow Mustela putorius furo Domestic ferret 

Camelus dromedarius Dromedary Numida meleagris Helmeted guineafowl  

Canis lupus familiaris Domestic dog Nymphicus hollandicus Cockatiel  

Capra hircus Domestic goat Oryctolagus cuniculus Domestic rabbit 

Capreolus capreolus Roe deer Ovis aries Sheep 

Cavia porcellus Domestic guinea pig Ovis aries musimon Mouflon 

Cervus elaphus Red deer Pavo cristatus Blue peafowl 

Chinchilla lanigera Chinchilla Phasianus colchicus Ring-necked pheasant 

Columba livia Domestic pigeon Rangifer tarandus Reindeer 

Cricetus cricetus Common hamster Rattus norvegicus Brown rat 

Dama dama Fallow deer  Rattus rattus Black rat 

Equus asinus Domestic donkey Rhombomys opimus Great Gerbil 

Equus caballus Domestic horse Serinus canaria Canary 

Felis catus Domestic cat Struthio camelus Ostrich 

Gallus gallus Chicken Sus scrofa Wild boar 

Homo sapiens Humans Sus scrofa domesticus Domestic pig 

Lagopus lagopus scotica Red grouse     
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Using semi-automated literature gathering techniques to ascertain pathogen-location 
interactions  

Positive predictive value (PPV) approach 
• Stratify papers by pathogen and continent 
• Sub-sample papers to check for ‘true’ evidence of pathogens occurring in countries 
• PPV = 0.95 (SE=0.05) 
• Threshold of 5 papers (0.95^5) = 99.9% certainty 

Binomial regression modelling approach 
0/1+ NCBI Nucleotide sequence ~ no. of PubMed papers in which pathogen name & 
country MeSH term co-occurred 

With No. papers coded as a factor: 
 

No. of papers Odds Ratio 

0 -> 1 Baseline 

2 -> 12 1.86 

13+ 2.89 
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793 (31%) 

395 (15%) 

705 (27%) 

372 (14%) 

332 (13%) 

Bacteria

Fungi

Helminths

Protozoa

Viruses

Pathogen range within human & domestic animal hosts 

No. of hosts % pathogens 

1 70.9 

 Up to 2 86.0 

Up to 6 98.6 

Host group % pathogens 

Humans only 49.8 

Domestic animals only 32.5 

Both 17.8 

Human pathogens % pathogens 

Humans only 74.9 

Humans & d. animals 25.1 

Domestic animal pathogens % pathogens 

Domestic animals only 65.7 

Humans & d. animals 34.3 

Greater proportion of pathogens affect human-only than animal-only (χ2 = P<0.001) 

No. pathogen species in hosts, n=2597 
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Pathogen name  Pathogen 
type 

Number of 
hosts 

Pathogen name Pathogen 
type 

Number 
of hosts 

Escherichia coli E,Z Bacteria 21 Gongylonema pulchrum NE,Z Helminth 9 

Giardia intestinalis E,Z Protozoa 20 Leptospira interrogans E,Z Bacteria 9 

Toxoplasma gondii E,Z Protozoa 18 Ovine Herpesvirus 2 NA Virus 9 

Anaplasma phagocytophilum E,Z Bacteria 15 Rotavirus A E,Z Virus 9 

Cryptosporidium parvum E,Z Protozoa 14 Clostridium perfringens NE, Z Bacteria 8 

Rabies virus E,Z Virus 13 Cowpox virus NE, Z Virus 8 

Staphylococcus aureus E,Z Bacteria 13 Enterococcus faecalis E,Z Bacteria 8 

Neospora caninum NA  Protozoa 12 Enterococcus faecium E,Z Bacteria 8 

Echinococcus granulosus E,Z Helminth 11 Enterocytozoon bieneusi E, NZ Fungi 8 

Borna Disease virus NE,Z Virus 10 Hepatitis E virus E,Z Virus 8 

Newcastle Disease virus NE,Z Virus 10 Malassezia sympodialis NE, Z Fungi 8 

Pasteurella multocida NE,Z Bacteria 10 Brachyspira pilosicoli NA Bacteria 7 

Trypanosoma cruzi E,Z Protozoa 10 Influenza A virus E, Z Virus 7 

Babesia divergens NE,Z Protozoa 9 Mecistocirrus digitatus NE, Z Helminth 7 

Chlamydophila psittaci NE,Z Bacteria 9 Pneumocystis carinii E, Z Fungi 7 

Cryptosporidium muris NA Protozoa 9 Saccharomyces cerevisiae NE, NZ Fungi 7 

Echinococcus canadensis  NA Helminth 9 Trichostrongylus colubriformis NE, Z Helminth 7 

Encephalitozoon cuniculi E,Z Fungi 9 West Nile virus E, Z Virus 7 

Fasciola hepatica NE, Z Helminth 9       

E = Emerging, NE = Not emerging, Z = Zoonotic, NZ = Non-zoonotic - according to Taylor et al. (2001) 

Pathogen name  Pathogen 
type 

Number of 
hosts 

Pathogen name Pathogen 
type 

Number 
of hosts 
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Babesia divergens NE,Z Protozoa 9 Mecistocirrus digitatus NE, Z Helminth 7 

Chlamydophila psittaci NE,Z Bacteria 9 Pneumocystis carinii E, Z Fungi 7 
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  AOR 95% CI 
Number of hosts species       

1 baseline - - 
2 1.41 0.75 2.63 

>2 4.82 3.00 7.74 

Taxonomic division       
Bacteria baseline - - 

Fungi 1.02 0.59 1.75 

Helminths 0.18 0.09 0.37 

Protozoa 2.06 1.00 4.21 

Viruses 6.16 3.94 9.63 

Zoonotic status       
Non-zoonotic baseline - - 

Zoonotic 1.64 1.07 2.53 

Hosmer-Lemeshow goodness-of-fit test P=0.47 

Emerging versus not emerging  
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  AOR 95% CI 
Number of hosts species       

1 baseline - - 
2 3.53 2.18 5.72 

>2 10.92 5.89 20.23 

Taxonomic division       
Bacteria baseline - - 

Fungi 0.75 0.55 1.02 

Helminths 16.35 9.04 29.59 

Protozoa 2.29 1.17 4.50 

Viruses 3.77 2.56 5.56 

Hosmer-Lemeshow goodness-of-fit test P=0.54 

Zoonotic versus non-zoonotic 
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Host range for human & domestic animal hosts 
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4223 host-pathogen interactions for humans & domestic animals 
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European versus non-European pathogens 

  AOR 95% CI 
Number of hosts species       

1 baseline - - 
2 2.97 1.97 4.46 

>2 6.66 4.44 10.01 
Taxonomic division       

Bacteria baseline - - 
Fungi 0.94 0.70 1.26 

Helminths 0.17 0.11 0.25 
Protozoa 0.48 0.26 0.91 
Viruses 0.39 0.27 0.59 

Emerging status       
Not emerging baseline - - 

Emerging 3.68 2.43 5.58 
Hosmer-Lemeshow goodness-of-fit test P=0.22 
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Bacteria

Fungi

Helminths

Protozoa

Viruses

Cleaveland et al. (2001) 

Bacteria

Fungi

Helminths

Protozoa

Viruses

EID2 

% pathogens affecting >1 host 

EID2 29.1 

Cleaveland et al. (2001) 62.7 

% human pathogens also affecting d. animals 

EID2 25.1 

Cleaveland et al. (2001) 39.1 

% d. animal pathogens also affecting humans 

EID2 34.3 

Cleaveland et al. (2001) 39.4 
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• EID2 objectively utilises individual reports of host-pathogen interactions from open 
sources 

• Given threshold numbers of papers, semi-automated literature gathering works 
• EID2 information can be used to establish: 

• Host species of pathogens 
• Pathogen species affecting hosts 
• Quantify connectedness within host-pathogen networks  
• Estimate where (and when?) pathogens & their vectors occur & predict their 

future distributions given future climate  
• The drivers of pathogens, given available data 

 

http://www.zoonosis.ac.uk/eid2  

Conclusions 
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• However, EID2 has limitations  due to biases in data sources 

 Please submit your DNA/RNA sequences with detailed meta-data! 



1) Improved spatial resolution of pathogens 
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Type of name rule Example 

Extra matched host 

species 

Common domestic dog 4 

Scientific canis lupus familiaris 4 

reverse aries ovis 1 

nospacescientific ovisaries 1  

Hyphen guinea-pig 2 

male peacock 0 

female bitch 0 

young puppy 0 

young plural puppies 0 

ine canine 8 

id canid 2 

dairy / egg dairy cow 2 

meat beef cow 1 

pet pet dog 2 

domestic domestic chicken 2 

2) Improved host species identification from meta-data 

Introduction, EID2 database & Methods, Results, Discussion, Conclusions, Future  



Include everything containing ‘dog’ except: 

3) Improved removal of false positive hosts 

Prairie dog Dog wood 

Racoon dog Dog fish 

Raccoon-dog Dogs mercury 

Dog tick Dog heartworm 

Dogwood meloidogyne 

Dogfish doguera 

Fed on a dog dog flea 

New Guinea wild dog Dog-faced 

Aplysina gerardogreeni New Guinea singing dog 

Squalus melanurus 
(blacktailed spurdog) 

….Many more 
 

Wild dog 
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Disease Pathogens

Actinomycosis actinomycetes actinomyces

Adenovirus infectionadenoviridae

Aeromonas & marine Vibrio infx.aeromonas hydrophilavibrio vulnificus

African tick bite feverrickettsia africae

AIDS retroviridae lentivirinaehiv

Alkhurma hemorrhagic feverflaviviridae flavivirus alkhurma hemorrhagic fever virus

Amoeba - free livingcentramoebidaacanthamoebidaeacanthamoeba

Amoebic abscess entamoeba histolytica

Amoebic colitis entamoeba histolytica

Anaplasmosis Anaplasma phagocytophilum

Angiostrongyliasis nematoda angiostrongylus cantonensis

4) Allow users to work at the level of diseases, rather than pathogens  

Importing of existing disease 
classification scheme (ICD) 

Recognition & verification of 
associated pathogens 
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• Analysis of host-pathogen 
relationships amongst the 
felidae family 

• Characterising pathogen 
networks of primates & 
mankind – Chester Zoo 

5) Improved Expectation Maximisation 
likelihood modelling using further 
climate, demographic & landscape 
layers 

6) Give users the ability to add certain 
information of their own 
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