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Endemic Diseases



When an emerging disease
becomes endemic

• The social framing of a disease as “epidemic” or “endemic” is equally 
important. 

• Human diseases acquire a social status, primarily based on their 
perceived risk, that determines their acceptability and the level of 
intervention deemed appropriate.

– Responses to epidemics tend to be public
– As diseases become endemic, they become increasingly tolerated, and the locus 

of responsibility may shift to the individual. The disease now must compete for 
attention and resources with other endemic diseases, even if the benefits of 
disease control still clearly outweigh the costs 

• For livestock, the relationship between disease phase and social 
response is made more explicit:

– Diseases are defined as “exotic,” and thence acquire a legal status requiring 
government action to eliminate them. 

– Other endemic or livestock “production diseases” are permitted to remain 
endemic

Medley GF, Vassall A. When an emerging disease becomes endemic. Science. 2017 Jul 14;357(6347):156-158. doi: 10.1126/science.aam8333. 



Carslake D, Grant W, Green LE, Cave J, Greaves J, Keeling M, McEldowney J, Weldegebriel H, Medley GF. Endemic cattle diseases: comparative
epidemiology and governance. Philos Trans R Soc Lond B Biol Sci. 2011 Jul 12;366(1573):1975-86. doi: 10.1098/rstb.2010.0396.



Transmission of Brucella spp.

Microparasite model
One Brucella species

Multiple hosts
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Brucella melitensis
Ibex (Capra ibex)/cattle/human interface



Brucella suis biotype 2 – Wildboar - Belgium

Not a zoonotic brucellosis!

Godfroid J, Michel P, Uytterhaegen L, De Smet K, Rasseneur F, Boelaert F, Saegerman C, Patigny X. 1994. Brucellose enzootique
(Brucella suis biotype 2) chez le sanglier (Sus scrofa) en Belgique. Ann. Med. Vet., 138: 263-268. 



Brucella spp. - Mixed herds – Pastoralism

Brucellosis ?
In cattle ?

In sheep ?
In both cattle and sheep ?

Transmission
B. abortus and/or B. meltensis ?



Brucella abortus – African buffalo – South Africa

Pictures: courtesy of Dr. Bengis, Chief State Veterinarian, 
Skukuza,  Mpumalanga, South Africa

Brucella abortus



In the Greater Yellowstone Ecosystem (GYE), 
outbreaks of brucellosis have increased in 
cattle along with rising seroprevalence in elk. 

The clustering of isolates by host species in 
recent time implies the majority of 
transmission events are occurring within
species. We quantified the proportion of cross-
species to within-species node transitions
and showed that only about 15% of 
phylogenetic nodes displayed a predicted host 
switch.

Free-ranging elk are currently a self-sustaining 
brucellosis reservoir and the source of 
livestock infections. Control measures in bison 
are unlikely to affect the dynamics of 
unrelated strains circulating in nearby elk 
populations.

Kamath PL, Foster JT, Drees KP, Luikart G, Quance C, Anderson NJ, Clarke PR, Cole EK, Drew ML, Edwards WH, Rhyan JC, Treanor JJ, Wallen 
RL, White PJ, Robbe-Austerman S, Cross PC. Genomics reveals historic and contemporary transmission dynamics of a bacterial disease
among wildlife and livestock. Nat Commun. 2016 May 11;7:11448. doi: 10.1038/ncomms11448.

Brucella abortus - Yellowstone – USA



Co-infections

Helminth-microparasite
co-infection in wildlife



Helminth-microparasite co-infection in 
wildlife

• Co-infection, or the simultaneous infection of hosts 
by multiple pathogens, is the norm in the real world; 
however, until recently most infectious disease 
research focused on one-host one-pathogen 
systems.

• Co-infection between helminths (worms) and 
microparasites, including viruses, bacteria and 
protozoa, have garnered particular attention, due in 
part to the ubiquity of worm infections in human 
and animal populations, and the strong 
immunomodulatory effects these parasites are 
known to have on their hosts.

Ezenwa VO. Helminth-microparasite co-infection in wildlife: lessons from ruminants, rodents and rabbits. Parasite Immunol. 
2016 Sep;38(9):527-34. doi: 10.1111/pim.12348.



Helminth-microparasite co-infection in 
wildlife

• Until recently overlap between human and laboratory 
animal studies of co-infection and studies of parasite 
interactions occurring in natural populations has been 
almost nonexistent.

• Studies of co-infection in wild populations help clarify 
whether and when mechanistic interactions between 
parasites might “scale up” under natural conditions to 
shape the distribution patterns of parasites and the 
consequences of infection for hosts.

• Importantly, this type of information can be highly 
complementary to insights gained from the laboratory.

Ezenwa VO. Helminth-microparasite co-infection in wildlife: lessons from ruminants, rodents and rabbits. Parasite
Immunol. 2016 Sep;38(9):527-34. doi: 10.1111/pim.12348.



Fenton A. Worms and germs: the population dynamic consequences of microparasite-macroparasite co-infection. Parasitology. 2008 
Nov;135(13):1545-60. doi: 10.1017/S003118200700025X.



Once the microparasite was introduced 
the system rapidly settled down to a 
stable equilibrium where the host and 
the two parasite species coexisted in a 
stable community, resulting in endemic 
microparasite and microparasite 
infection.

This is due to the density-dependent 
mortality imposed by the microparasite 
on the host population. The epidemic
cycles observed in the absence of the 
microparasite were neutrally stable, 
similar to those observed in the standard 
Lotka-Volterra predator-prey model, 
sitting on the knife-edge between 
stability and instability

Once the stabilizing impact of density-
dependent microparasite induced
host mortality was introduced into the
system it was rapidly stabilised to the 
observed equilibrium.





Evaluating the consequences of
worm–microparasite co-infection

African buffalo





Mycobacterium bovis and 
gastro-intestinal worms in African buffalo

• Cattle studies on Mycobacterium bovis also show that immune responses to M. bovis
can be attenuated during liver fluke (Fasciola hepatica) co-infection.

• A cross-sectional analysis of free-ranging African buffalo in Hluhluwe-iMfolozi Park, 
South Africa, showed that circulating levels of the cytokine interferon γ were 
negatively correlated with eosinophil counts and positively correlated with worm 
faecal egg counts. 

• Both of these patterns were suggestive of immune trade-offs whereby hosts that 
mount stronger Th2 responses against worms have lower Th1 responses.

• These interactions may also influence the spread of infections at the population level. 

• Understanding the effects of coinfection at both levels may, therefore, be 
fundamental to the success of integrated treatment and control programs that target 
multiple infections.

Ezenwa VO, Etienne RS, Luikart G, Beja-Pereira A, Jolles A. Hidden consequences of living in a wormy world: nematode-induced
immune suppression facilitates tuberculosis invasion in African buffalo. Am Nat. 2010 Nov;176(5):613-24. doi: 10.1086/656496. 
PMID: 20849271.



Mycobacterium bovis and 
anthelmentic treatment in African buffalo

• Ezenwa and Jolles monitored anthelmintic-treated and untreated 
animals for four years in Kruger National Park, South Africa, to 
quantify the effects of worm treatment on host immunity, the 
likelihood of TB infection and TB-induced mortality. 

• Intriguingly, study results showed that while anthelmintic treatment 
enhanced IFNγ production in buffalo, both treated and control 
individuals had similar TB infection rates. 

• However, anthelmintic-treated buffalo survived TB infection much 
better than untreated individuals, suggesting that, in buffalo, worm-
induced immune suppression translates into much stronger effects on 
TB mortality than TB susceptibility. 

• Because treated buffalo were no less likely to acquire TB infection, yet 
survived longer with TB, the surprising net effect of anthelmintic 
treatment on TB epidemiology is that it can enhance M. bovis spread.

Ezenwa VO, Jolles AE. Epidemiology. Opposite effects of anthelmintic treatment on microbial infection at individual versus 
population scales. Science. 2015 Jan 9;347(6218):175-7. doi: 10.1126/science.1261714. PMID: 25574023.



Infectious disease epidemiology and
“disease community ecology”

Understanding how interactions between parasites
within hosts, hosts within populations, and host
species within ecological communities combine
to drive disease dynamics, thereby providing

new ways to manage emerging infections







Lesions in buffalo

Lesions in lion



Johnson PT, de Roode JC, Fenton A. Why infectious disease research needs community ecology. Science. 2015 Sep 4;349(6252):1259504. 
doi: 10.1126/science.1259504. 



Perspectives

• Unfortunately, the disciplines of 
epidemiology and community ecology 
have developed to a large extend 
independently of one another.

• Nonetheless, the multispecies nature of 
many contemporary disease threats 
demands a community-scale approach to 
complement more traditional biomedical 
and disease control approaches.

• Translating a broader understanding of 
ecological communities into practical 
disease management will require the 
integration of surveillance, community 
ecology analysis, and (veterinary) public 
health implementation.
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Endemic diseases – Social Response - Ecology

Brucella suis
biotype 4 
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