
Resilience Thinking    Alexander Hohl       03/29/2016 

1 

Resilience to emerging infectious diseases 

 

 

Alexander Hohl 

University of North Carolina at Charlotte 

 

 

 

Introduction 

 

 The human body is host to an array of organisms, such as viruses, bacteria or fungi. They 

are usually harmless, but some under certain conditions may cause disease, which is referred to 

as “infectious disease” (Mayo Clinic, 2014). With 16% of all deaths each year, infectious 

diseases are one of the most common causes of mortality worldwide (Center for Strategic 

International Studies 2015). The burden of disease is mostly carried by people in developing 

countries, particularly by infants and children. In developed countries, minorities and indigenous 

people are disproportionately affected (Morens et al. 2004).  

 

 The common belief that humans are at war with microbes (von Itzstein 2007, Sivick and 

Mobley 2010), and that antibiotics are our weapons against these extremely adaptive organisms, 

is increasingly challenged. We can’t win a war with microbes: microbes exhibit an incredible 

diversity, outnumber humans, live everywhere, and have been evolving for 3 billion years 

(Lederberg 2000, Spellberg 2008). Empirical evidence shows that preserving biodiversity and 

community composition reduces human disease incidence (LoGiudice et al. 2003). Ecological 

systems have the capacity to regulate disease incidence. This has been recognized as ecosystem 

service (De Groot, Wilson and Boumans 2002), which is important to build and maintain, 

especially in the face of increasing ecosystem degradation and transformation through human 

use.  

 

 This realization has impacts on natural resource management, which has long been 

conducted under the assumption that ecosystem responses to human use are linear, controllable 

and predictable, and that human and ecological systems have to be treated separately. However, 

evidence all over the world indicates that natural and social systems behave in non-linear ways, 

exhibit pronounced thresholds in their dynamics, and can be heavily coupled, hence the 

terminology social-ecological systems (SES, Folke et al. 2002). This has led to resilience 

thinking, which aims to tackle the challenge of creating and implementing governance systems 

that allow for resource management, securing the support for societal development into the 

future, which is ultimately manifested in the adaptive management approach (Folke 2006). 

 

 The notion of resilience is found in many health-related studies, such as in psychology, 

where psychological resilience is defined as the capacity to bounce back from negative events by 

using positive emotions to cope (Tugade et al. 2004). Children growing up under adverse 

conditions created by their parents' psychological problems are a testament to their resilience to 

the disorders that characterize their parents (Ryff and Singer 2001). However, these examples 

have in common that they resemble the concept of engineering resilience, where multiple steady 

states are absent and the focus lies entirely on bouncing back from adversity. To my knowledge, 
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the concept of resilience of SES to infectious disease has not yet been analyzed. Therefore, the 

purpose of this paper is to deliver a meticulous analysis of community resilience to emerging 

infectious diseases (EIDs) from a SES perspective. While many studies either focus on EIDs 

(Jones et al. 2008, Daszak et al. 2000), or resilience thinking (Holling 1973, Biggs et al. 2012, 

Stockholm Resilience Center 2014), coalescing the two bodies of literature is an unprecedented 

endeavor.  

 

 My objective is to apply the key concepts of resilience thinking non-linearity, alternate 

regimes and thresholds, adaptive cycles and panarchy (Resilience Alliance 2015) to disease 

epidemics. While doing so, I want to answer the following research question: Which key 

concepts of resilience thinking hold true when analyzing EIDs, affected human communities, and 

involved natural and built environments from a socio-ecological systems thinking perspective? 

Answering these questions can provide new insights onto how we should cope with EIDs, 

instead of trying to implement management strategies that focus on the rigid eradication of the 

disease and the agents that carry it from person to person. 

  

 The article is organized as follows: The Literature Review section provides background 

about EIDs and defines the most important concepts. It contains an overview of the factors of 

disease spread, including the two most important themes: movement of people and goods and 

socioeconomic factors. In addition, it provides background about resilience thinking, including 

the definition that is used in this paper. The Case Studies section first introduces the dengue 

fever disease, and then combines the resilience literature with the EID literature by looking at 

epidemics through the lens of resilience thinking. 

 

 

Literature Review 

 

Definitions 

 

 Emerging and re-emerging infectious diseases are one of the leading causes of death 

worldwide (Morens et al., 2004) and are defined as “infections that have newly appeared in a 

population or have existed previously but are rapidly increasing in incidence or geographic 

range.” (Morse, 1995). Some disease agents spread from animals to humans, like HIV once did, 

and are therefore characterized as “zoonotic.” Other examples include Ebola, Avian Influenza 

(Bird Flu), Cholera and Creutzfeld-Jakob disease (Morse, 1995).  

 

 Another well-used characterization of infectious diseases refers to their transmission 

route: Some disease agents require a bloodsucking arthropod for transmission between vertebrate 

hosts and are therefore described as “vector borne.” Malaria, dengue, typhus and other vector-

borne diseases are responsible for more human deaths in the 17th to 20st century than all other 

diseases combined (Gubler 1998b). A disease reaches epidemic status if its occurrence is 

widespread in a particular community like the bubonic plague did in 14th century Europe and if 

“an epidemic occurring worldwide, or over a very wide area, crossing international boundaries 

and usually affecting a large number of people”, it is considered a pandemic (Last, 2001). 

 

Factors involved in the emergence of infectious diseases 
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 Movement of people and goods - International migration, travel and commerce sets the 

stage for mixing diverse genetic pools at rates and in combinations previously unseen (Wilson, 

1995). It has been a source of epidemics throughout the course of human history: Trade 

caravans, religious pilgrims and military maneuvers were accompanied by the spread of 

infectious diseases as they interacted with the local population along the route and at their 

destination and thus, transmitted their diseases. Explorers and conquerors following Christopher 

Columbus’ arrival in the New World introduced pathogens from the crowded urban centers of 

Europe to the native population (Crosby, 1972), which evolved from a relatively small gene pool 

and had no previous exposure to the newly arrived organisms. The results were epidemics and 

devastation in the Americas, killing substantial shares of the populations (Wilson, 1995). Some 

say that the Spanish conquistadors would not have been able to defeat the Aztec empire if they 

had not been aided by a raging epidemic within the Aztec population, possibly a combination of 

smallpox and measles (Weiss and McMichael, 2004).    

 

 Similar stories can be told today, but opportunities for infectious disease agents have 

become richer in recent years through an increase in volume, scope and speed of worldwide 

travel and commerce (Morse, 1995). Movement of people can be business or vacation travel, 

people migrating individually or in groups as refugees, immigrants, or students and it may be 

short distance, international or global. Movement may be temporary or seasonal, with nomadic 

population or migrant workers who follow the crops. Armed conflicts displace millions of people 

(Wilson, 1995).  

 

 Either way, the travel volume nowadays is massive: U.S. and foreign air carriers 

transported 175.5 million passengers between the United States and the world in the year ending 

in March 2013 (US International Air Passenger and Freight Statistics Report for March 2013). 

One example of the way international travel and commerce influence spatial patterns of 

infectious diseases is airport malaria. People living in close proximity to airports in Geneva, 

Newark, Heathrow and Detroit contracted malaria, even though the disease is neither endemic to 

those regions (meaning that it is regularly found within them) nor have the people visited areas 

where it is. Mosquitoes that traveled as “stowaways” in wheel wells of airplanes of tropic origin, 

survived, and were subsequently released during the landing procedure, which brought the 

disease to the local people (Mayer, 2000). This illustrates the importance of the pathways along 

which diseases spread. 

 

 Socioeconomic factors - Although social, economic and political factors push people 

from one location to another, environmental resources and their impact on food supply ultimately 

cause the conflicts that lead to the large scale displacement of people (Wilson, 1995). Economic 

conditions encourage people worldwide to move to cities (Morse, 1995). Growth of urban 

populations is often accompanied with overcrowding, poor hygiene, inadequate sanitation, 

insufficient supply of clean water and the breakdown of public health measures.  

 

 The emergence of informal settlements has created conditions under which pathogens 

and vectors have thrived (Lederberg, 1993). These settlements are the manifestation of extreme 

poverty, which is invariantly accompanied with the re-emergence of old infectious diseases and 

the emergence of new ones. Because of aforementioned conditions, slum dwellers are at higher 



Resilience Thinking    Alexander Hohl       03/29/2016 

4 

disease risk because of the resulting increase in exposure to pathogens and greater vulnerability 

to infection (David et al., 2007). The lack of piped water supply systems results in a general 

scarcity, leaving less water to spare for hygiene. The lack of garbage collection supports disease 

vectors like rats and mice (Cohen, 1989), who are known for the transmission of Yersinia pestis, 

the bacteria that cause the plague (Centers for Disease Control and Prevention CDC, 2014). Once 

infected, slum dwellers face hurdles coping with the disease, like limited access to prevention, 

diagnosis and cure. If entry into the health care system requires proof of residency, people living 

in informal settlements are automatically excluded because they don’t have an official address, 

they are not recognized as residents of the city. In addition, the journey to the hospital or 

physician can be an issue as slums might be located far from public transport routes because, 

again, their neighborhood is not recognized as part of the city and therefore excluded from any 

planning activity (David et al., 2007).  

 

Resilience thinking 

 

 Resilience thinking emerged from a stream of ecology that focused on interacting 

populations and the existence of multiple stability domains, which stood in stark contrast to the 

dominating equilibrium-centered view of managing ecosystems (Folke 2006). This view focused 

on resilience as the capacity to absorb shocks (disturbance) while still maintaining function, 

which is referred to as engineering resilience (Holling 1996). Therefore, resilience could be 

measured as the time that it takes a system to bounce back to the equilibrium state after a 

disturbance, which has been studied very well. However, this single-equilibrium view is not 

enough, as it ignores the possible existence of different stability domains. Therefore, 

disturbances have the capacity to create new opportunities for innovation and development in a 

resilient ecosystem (Folke 2006).   

 

 Resilience can be defined in many different ways (Norris et al. 2008), but there are two 

resilience definitions relevant to the work presented here. From a social-ecological systems 

thinking perspective, resilience is defined as “the capacity of a system to absorb disturbance and 

reorganize while undergoing change so as to still retain essentially the same function, structure 

and feedbacks—and therefore the same identity” (Resilience Alliance 2015). This definition is 

modified to to fit the focus of this paper, human communities that are subject to EIDs. Therefore, 

in this paper, resilience is defined as: “The capacity of a community to absorb disturbance and 

reorganize while undergoing change so as to still remain functional, retaining structure and social 

relationships-and therefore, its identity.” The definition emphasizes the community aspect while 

still being general enough to cover a systems thinking perspective. 

 

 

Case Studies 

 

Dengue fever in the Americas 

 

 Dengue and Dengue hemorrhagic fever are vector-borne diseases caused by one of the 

four serotypes of the dengue virus that is transmitted between humans by mosquitoes of the 

genus Aedes. It is a severe problem for communities and health care providers in tropical 

climates (Delmelle et al. 2014). In Colombia, Dengue fever re-emerged after being eradicated in 
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the past, and has become endemic, resulting in several outbreaks since the 1990s, peaking so far 

in 2010 with almost 10,000 infected people (Hagenlocher et al. 2013). Control measures have 

been unsuccessful so far because of incredible mosquito (engineering) resilience, allowing them 

to bounce back to initial numbers after eradication. They usually lay their eggs into a variety of 

man-made water holding containers in backyards and patios, such as trash cans, discarded plastic 

containers, broken septic tanks or plant pots. The eggs survive without water for months, in order 

to hatch with the next rainfall, indicating an incredible adaptive capacity, which is the reason for 

their resilience (CDC, 2015).    

 

 Humans are infected by the bite of an infective mosquito, which prefers to rest indoors 

and feed on humans during daytime. Female mosquitoes of the genus Aedes are very nervous 

feeders, which disrupts the feeding process at the slightest human movement, in order to either 

return or move on to the next person immediately. Therefore, it is common that multiple people 

in the same household contract Dengue fever at the same time, making the mosquito a very 

effective vector. The spectrum of illness after infection ranges from mild fever to fatal 

hemorrhagic fever, accompanied with nonspecific signs, such as vomiting, joint pain, weakness 

and rash (Gubler 1998a). After infection, life-long immunity is developed for the corresponding 

serotype of the Dengue virus, which makes the patient more susceptible for other serotypes 

(Burke et al. 1988). It is recognized that until a vaccine becomes available worldwide, control of 

Dengue fever will rely on control of the vector (Focks et al. 1995). 

 

 The earliest records of Dengue fever date back to the Chinese Chin dynasty (265 to 420 

A.D.). The emerging shipping industry in the 18
th

 and 19
th

 centuries allowed the disease to 

spread worldwide, as the mosquitoes would use the stored water on the ships as breeding 

grounds, enabling them to survive on long trips (Gubler 1997). Troop movements in World War 

II further expanded the geographical range of the disease. Eradication programs of Aedes 

mosquitoes successfully prevented Dengue epidemics in the Americas during 1950s, 1960s and 

1970s. However, as the eradication efforts were discontinued in the 1970s, the mosquito 

subsequently re-invaded all areas from where it had been removed, resulting in increased 

magnitude and frequency Dengue fever epidemics (Gubler 2002). 

 

 There are multiple reasons for the resurgence of Dengue fever in the Americas apart from 

the eradication program, many of them associated with widespread societal changes during the 

second half of the 20
th

 century: Human population growth, massive migration to urban areas, 

uncontrolled urbanization and associated substandard housing, absence of waste collection, 

crowding and declining drinking water provision systems. In addition to mentioned broad-scale 

pathways of mosquito spread overseas, the number mosquitoes also increased in smaller spatial 

scales, due to an increase in suitable larval habitat near human domestic environments, such as 

discarded non-biodegradable plastics and car tires. Finally, the increased rate of genetic change 

in Dengue viruses increased the probability of newly emerging genotypes with greater epidemic 

potential (Gubler 1998b, Gubler 2002).       

 

Nonlinearity, alternate regimes and thresholds in the Dengue fever SES 

 

 When viewing Dengue fever as a SES, we can make out several system components and 

their relationship to each other (Fig. 1). Aedes mosquitoes carry the Dengue virus and transmit it 
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between individual humans. However, the interaction between humans and mosquitoes goes 

beyond that, as humans serve as source for blood, which mosquitoes feed on. In turn, humans   

have a direct impact on mosquitoes by implementing policy, such as eradication measures. They 

also create and transform the built and natural environment by building structures, production of 

goods, extracting resources, homogenizing the landscape, agriculture, and greenhouse gas 

emissions. The environment in turn provides habitat for mosquitoes, such as stagnant pools of 

water, which they need for reproduction.  

 

 Each of the components (humans, mosquitoes, and environment) is described by state 

variables, such as their quantity. Epidemiological modeling has a long tradition and provides 

insight into the disease system, predictions, and helps optimizing vaccination programs 

(Goodman 1994). Therefore, modeling the relationship between state variables across 

components in a spatially explicit representation of the disease system reveals the following 

behaviors: Spatial heterogeneity in mosquito density, especially the presence of a low infestation 

rates in a few neighborhoods ensure the persistence of dengue in large cities (de Castro Medeiros 

et al. 2011). Bowman (2012) found a non-linear relationship between disease incidence and the 

two parameters oviposition rate and number of exposed humans when immunity is absent. The 

reduction of these parameters has profound effects on disease incidence, and both of them can be 

reduced by simple measures, such as education, the reduction of standing water, and the use of 

mosquito nets. Focks et al. (1995) report a threshold value of 0.5 female Aedes mosquitos per 

person in a representative location (such as a city or town) for disease transmission, which 

corresponds to 0.25 pupae per person. This ratio seemed sufficient for the Dengue epidemic in El 

Progreso, Honduras 1978/79. As the development of vaccines that protect from all four serotypes 

of Dengue is rather unrealistic in the near future, disease models produce an endemic equilibrium 

of the disease when ruling out this possibility, and indicate its persistence within the population 

(Derouich et al. 2003). 

  

 However, other models report the existence of a disease free equilibrium (DFE), if the 

basic reproduction number (R0), which is the number of subsequent disease cases a single 

infected person generates over the course of the infectious period, is below 1 (van den Driessche 

and Watmough 2002). If R0 is above 1, the virus is able to invade and colonize hosts, therefore 

producing an epidemic that leads to the establishment of an endemic disease at steady state. In 

mathematical models, this threshold parameter is linked to bifurcation, which is the set of 

parameter values at which an equilibrium of the system under consideration changes stability 

and/or appears/disappears. In forward bifurcation, the endemic equilibrium exists only for R0 > 

1, where the number of infections is a function of R0 and the system is disease-free otherwise 

(Fig. 2). In backward bifurcation, the endemic equilibrium exists for R0 < 1, resulting in a sudden 

dramatic increase in disease incidences when increasing R0 above 1 (Fig. 2). A subsequent 

reduction of R0 slightly below 1 would not eradicate the disease, only a further reduction below 

the saddle-point R
c
0 would accomplish that (Fig. 3). This behavior is called hysteresis, and 

denotes two stable equilibria within the system (Kribs-Zaleta and Velasco-Hernandez 2000). The 

presence of multiple steady states, thresholds and non-linearities is an essential concept in 

resilience thinking (see Resilience Alliance 2015).    

 

Adaptive cycle and panarchy of the Dengue fever SES 
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 A complex system, such as a pathogen-vector-host system in an EID context, can be 

decomposed into elements and processes that act on different ranges of spatial and temporal 

scales. For the host-side, it can be analyzed on the scale of the human cells, which ranges from 

nanometers to micrometers spatially, and from seconds to days temporally; an individual human 

(meters and decades); to a community scale range (kilometers and centuries). Similar hierarchies 

of scales can be drawn for the vector and pathogen sides of the system. The interaction between 

the elements within a given scale, their development, growth and decay, has been described as 

adaptive cycle (Holling 1986).  

 

 The adaptive cycle is a metaphor for a chain of events and developments within SES, 

which is described in 4 phases: 1) growth or exploitation, where rapid colonization of recently 

disturbed areas is emphasized; 2) conservation, in which slow accumulation and storage of 

energy and material prevails; 3) release, where accumulated matter becomes unstable and gets 

suddenly released in what is called “creative destruction”; 4) reorganization, where resources are 

reassembled and become available for the subsequent growth and exploitation phase. Therefore, 

the adaptive cycle contains phases of fast change and slow change, while the potential that is 

inherent in the accumulated resources, as well as the connectedness of the system, change in an 

oscillating manner (Holling et al. 2002).  

 

 The adaptive cycle with respect to EID’s is best explained using the pathology of disease 

control, which explains why most efforts to control and manage ecosystems have failed. This is 

especially apparent in the case of dengue fever in South America, where governments 

implemented vector-control programs (spraying of insecticides) to decrease disease incidence. 

This allowed cities grow, which constitutes the first and second phases of the cycle. Agricultural 

or forest land was converted to urban, followed by an accumulation of mosquito (vector-) habitat 

(human settlements), an increase in available disease hosts (humans), as well as increased 

resistance of mosquitoes against insecticides. In addition, government agencies narrowed their 

focus from vector control (a coordinated spraying of insecticides) to the distribution of drugs and 

insecticides to people. Therefore, the whole system exhibited decreased resilience towards 

dengue fever, which manifested itself during the following disease epidemic, which constitutes 

the third and fourth phases of the cycle. In the meantime, migration flows, as well as informal 

settlements have increased, where a lack of garbage collection and sanitary infrastructure created 

ideal conditions for the mosquitoes to increase their numbers. Therefore, it has become much 

harder to control the vector after the first iteration of the cycle (Wilcox and Colwell 2005). The 

system has reached a new equilibrium which is less resilient.             

 

 The framework of panarchy allows for analysis of cross scale impacts in disease systems. 

Nested adaptive cycles run on every discrete scale of the system, and cross-scale links are 

possible depending on within scale position. Cycles at large scales run slowly, such as the 

community or society, provide stability and system memory and therefore, set the conditions and 

environment under which the smaller, faster cycles run. For instance, national and regional 

governments implement policies, such as mosquito control programs, which influence the spatial 

and temporal population dynamics of the disease vector, if implemented successfully (Gubler 

1997). These policies at larger scales tend to guide reorganization at smaller scales (e.g. 

during/after a local epidemic) towards avoiding regime changes, therefore maintaining the status 

quo (Allen et al. 2014). This relationship is referred to as “remember” and stands contrary to the 
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relationship in opposite direction called “revolt”, which is how the small scale cycles exert 

influence on the larger scales. The smaller cycles invent, experiment and test, and therefore 

allow for reorganization of larger scale system structure during the reorganization phase 

(Resilience Alliance 2016). In a dengue fever context, the smaller cycles are represented by 

community-based infection reduction efforts that set a contrast to national or regional vector-

control programs, such as spraying of pesticides or adding larvicides to water tanks. These 

efforts include the formation of community working groups that focus on participation and 

educating people about mosquito breeding sites and on strategies to eliminate them. These 

strategies include elimination of garbage belts, fixing broken water pipes, and manufacturing lids 

for water tanks (Toledo et al. 2011). Such efforts have been more effective than the standard, 

top-down strategies that are implemented by national governments. Community empowerment 

has also improved standard vector-control measures and created innovation that hasn’t gone 

unnoticed by the authorities, thereby completing the “revolt” relationships within the panarchy 

(Castro et al. 2012). 

 

Conclusions 

 

 Resilience thinking has been shown to be effective in analyzing infectious disease, in 

particular dengue fever. It allows for identifying actors in the disease system and their 

interrelationships. These relationships are examined at various scales, between which 

interdependencies are discovered, which is important for reducing the burden of disease for the 

most disadvantaged among us. The resilience concepts presented in this article mostly hold true, 

but it is important to note that more such concepts exist, such as transformation, adaptive 

management (Resilience Alliance 2015), which have to be translated to an infectious disease 

context to determine the relevancy of the resilience thinking to communities that are struck by 

epidemics.  
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Figures 

 
Fig. 1: Dengue fever as SES. 

 

 

 
Fig. 2: Forward and backward bifurcation of a disease system (Kribs-Zaleta and Velasco-

Hernandez 2000) 

 

 

 
Fig. 3: Backward bifurcation with hysteresis loop (Kribs-Zaleta and Velasco-Hernandez 2000) 
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