Chapter 1 

Identifying the Challenge

Preview
This book is about the worldwide challenge posed by microscopic organisms (microbes) that are the ubiquitous inhabitants of the earth and our bodies. Microbes (bacteria especially) are essential to the cycles of nature without which higher life forms could not exist.  Bacteria and other microbes are beneficial and even essential for human health; however, a small number of microbes cause illness and/or death. There are now five recognized kinds of microbe: bacteria, viruses, protozoa, fungi, and unicellular algae. This list of “infectious agents” may now include the infectious protein particles termed prions. 

The Challenge
In the past forty years, dozens of previously unknown infectious diseases have emerged and others have reemerged: AIDS, Ebola virus, E. coli (O157:H7), hanta​virus, West Nile virus, Salmonella, ﬂesh-eating “strep,” tuberculosis (TB), cryptosporidiosis, Lyme disease, and “mad cow disease,” to name only a few (Figure 1.1).  

Emerging infections have been defined as “new, reemerging or drug-resistant infections whose incidence in humans has increased within the past two decades or whose incidence threatens to increase in the near future.”

Health officials have recently warned that “our ability to detect, contain, and prevent emerging infec​tious diseases is in jeopardy.” 

In 2007, infectious diseases were the second leading cause of death worldwide (Figure 1.2), and a 1996 report stated that microbial-induced deaths had increased in the United States by more than 50% since 1980. Despite the tremendous strides in infectious disease control over the past century, infectious disease remains a leading cause of death in the United States (Figure 1.3). 

Factors Responsible for Emerging Infections

World Population Growth

By the end of 2012, more than seven billion people will be living on the earth, and by 2050, the population will have soared to over nine billion (Figure 1.4).

This problem of rampant population growth is compounded by the fact that 80% of the human population lives in those less-developed countries that are least able to cope with the problems associated with population growth.

An essay by the preacher Thomas Malthus warned two centuries ago that unchecked population growth would lead to famine, but the hub of the problem of population growth is increased transmission of infectious agents.

Whatever the mode of transmission—person-to-person, by biological vector (mosquitoes, ticks, flies, etc.), or from animal to human (zoonotic disease)—high population density (i.e., the number of people in an area of defined size) facilitates the transmission of infectious disease.

The number of elderly in the United States is expected to rise from current levels of about 14% to almost 28% in 2050.  An aging population contributes to the population problem, as the elderly are more susceptible to infectious disease they would serve as an increasing source of infection. 

Over population leads to increases in infectious disease in various ways, including increased travel, increases in wars and refugees, more overcrowded slums, etc. (Table 1.3).

Urbanization

Our planet is becoming progressively urbanized. The percentage of people living in urban areas is expected to rise to 60% by 2030 (Figure 1.6).

Urbanization and poverty combine to increase infectious diseases by draining natural resources (like drinking water) while compounding the problems of human waste disposal, maintaining sanitary conditions, and providing health services and immunizations (Figure 1.7).

Half of the African population lives in slums, and a study in 2000 concluded that city dwellers and the poor are sick more often than their rural counterparts.  Without resources adequate for maintaining sanitation and the public health infrastructure, cities become “graveyards of mankind,” as penned by the biologist John Cairns.

Ecological Disturbances

Deforestation
The rise of human civilization has contributed to the loss of about 50% of the earth’s forests, and deforestation is a major contributing factor to the emergence of infectious diseases.

Human intrusion into remote forest ecosystems fosters contact with animals and with the insect vectors that feed upon them and transmit infection. Deforestation plays a major role in the migration of these displaced species into vil​lages and backyards in search of food.  The rise of rabies virus in the eastern United States (caused by rabid raccoons foraging for food in suburban garbage cans, where they encountered humans) and Chagas’ disease in Brazil (where the displacement of forest dwelling mammals and the “kissing bugs” that fed upon them led to the infection of domesticated animals, rats, and, finally, humans with a protozoal pathogen) are two examples of this effect.

Other examples of deforestation contributing to the emergence of infectious disease include the following:
· the Nipah virus in Malaysia, from displaced fruit bats
· the spread of protozoal parasite Leishmania spp. to city dwellers, with the emergence of forest-dwelling sand flies who carried it

· the population explosion of snails hosting the schistosomiasis-causing parasitic worm, from the construction in 1970 of Egypt’s Aswan High Dam
· the increase in hemorrhagic viral disease– (rift valley fever) carrying mosquitoes, also from the construction of the Aswan High Dam and the flood lands this created 

· the emergence of AIDS, the most recent and most devastating emergence of an infectious disease,  thought to be caused by human intrusion into the forest where the virus leaped from infected chimpanzees or monkeys to humans

Climactic Change
There is ample evidence that global warming and resultant climatic changes cause ecological distur​bances that affect the incidence and distribution of infectious diseases (Table 1.5).

In the case of vector-borne diseases, the vector or the microbe, or both, may be inﬂuenced by rising temperature (Table 1.6).  In malaria, a protozoal disease transmitted by mosquitoes, an increase in both temperature and rainfall extends habitats favorable to mosquitoes. Conversely, decreased rainfall favors the extended distribution of sand ﬂies, the vectors responsible for transmission of leishmaniasis.  Estimates are that a 2°C increase in mean ambi​ent temperature in central Africa would extend the range of the vectors of sleeping sickness, ﬁlariasis, and leishmaniasis, allowing for these tropical diseases to invade marginal temperature zones. In Rwanda, malaria inci​dence recently increased three-fold over a three-year period as a result of increases in temperature and rainfall.  Malaria, tickborne encephali​tis, and leishmaniasis are on the upswing in Italy as a result of climate change, according to an Italian environmental organization.

Natural Disasters
Floods, hurricanes, earthquakes, drought, and tsunamis are environ​mental disturbances that place populations at risk of an increased burden of in​fectious diseases. In 2000, severe ﬂoods put up to 250,000 people in Mozambique and other southern African countries at risk for several diseases, particularly malaria and cholera.  The flooded lands and increased temperatures were ideal for mosquito breeding.  Tropical cyclones in 2008 caused mudslides in Myanmar that contaminated drinking wells, leading to increases in cholera.

Drought leads to famine and results in an increase in infectious diseases, as has been witnessed in eastern Africa since early 1999, placing tens of millions at risk. In Ethiopia alone, about eight million people are affected. 

Conversely, rapid response of public health officials, and the provision of clean drinking water by the international community, reduced the outbreak of infectious diseases resulting from the tsunami of 2004 in Indonesia and hurricane Katrina in the United States in 2005.  

Ap​proximately 1.5 billion people do not have access to safe drinking water. This, and starvation, depletes a healthy immune system and leads to high child mortality rates. Natural catastrophic events exacerbate the potential for microbial-caused diseases.

Technological Advances

Jet travel is a technological advance that may pose public health risks, facilitating the dispersal of pathogens across continents (Table 1.7).  The ability to fly to or from any world destination in less than 24 hours means that a traveler can arrive at a destination before showing disease symptoms.

A person infected with TB, on a flight from Russia to New York, recently infected thirteen passengers. With super jumbo jets now capable of carrying 500-800 passengers, modern jets can serve as mechanical vectors capable of taking infectious passengers to any part of the world.

Microbes can be carried across borders not only in their human hosts but also in their baggage and personal items. Further, insect vectors har​boring infectious agents can also travel (ﬂeas can be carried in rugs transported by jet cargo from the Middle East, for example).

The use of whole blood and blood products can be a life giving and lifesaving practice. As populations increase, so does the demand for blood. In some countries, especially in the developing world, blood is not screened and may harbor the causative agents of HIV infection, hepatitis, syphilis, malaria, etc. Only recently has the blood supply in the United States been screened for the trypanosome that causes Chagas’ disease. Usually spread by the bite of the “kissing bug,” Chagas’ disease can also be spread by blood transfusions and organ transplants. 

Nosocomial (hospital acquired) infection can contribute to the increase in infectious disease, especially in the case of organ transplants or invasive medical procedures (biopsies, etc.), which may inadvertently introduce infectious agents.  Patients on immunosuppressive therapy or those with immunosuppressive disease (e.g., AIDS, etc.) are most at risk.
Microbial Evolution and Adaptation

The development of antibiotics, starting in the 1940s, was a major factor leading to the optimistic prospect of conquering infectious bacterial diseases in 1970s. This optimism was soon lost as many bacteria, once controlled by antibiotics like penicillin, became resistant to their effects. Resistance to antibiotics and other antimicrobial agents is at a crisis level worldwide (Table 1.8).  The appearance of resistant bacterial populations is due to a process of adaptation and selection, i.e., Darwinian evolution.  This evolutionary process is sped up by misuse (e.g., prescribing antibiotics, that only work against bacteria, for viral illness, like the flu or a cold and failure to complete drug regimen). 

Insect vectors are also able to adapt to a changing environment. The use of the insecticide DDT to control the mosquito vector of malaria backfired, as the forces of natural selection led to the emergence of DDT- resistant mosquitoes.
The public health community needs to be ever vigilant to learn from these experiences and to limit or prevent such failures in the future.
Human Behavior and Attitudes

Complacency
Medical advances have led to the false assumption that pre​vention and control are no longer necessary. An example of complacency is the threatened resurgence of AIDS, particularly among young gay men, because of a return to risky sexual behavior fueled by glowing reports of new drug therapies for the management of AIDS.

People have become complacent and/or misinformed about the importance of immunization shots or keeping their immunization boosters up to date. Only 80% of two-year-olds in the United States have been given the full regime of recommended immunizations.  Past history tells us that just a 10% decline in measles vaccination can result in a needless outbreak of tens of thousands of cases, several thousand hospitalizations, and hundreds of deaths.

Human Migration
Human migration is a major factor in the emergence and reemergence of many infectious diseases; about 190 million people currently live outside their native countries.

Many are defined as IDPs (internally displaced persons are “…persons who have been forced or obliged to ﬂee or to leave their homes or places of habitual residence, in particular as a result of or in order to avoid the effects of armed con​ﬂict, situations of generalized violence, violations of human rights or natural or human made disasters, and who have not crossed an internationally recognized State border.”).  

Over 30 million of the displaced are refugees, a term reserved for those who are forced under the same circumstances to cross an international border.  These people may transmit infectious diseases from their native lands to those with whom they come in contact during their travels. 

Wars and civil unrest, in addition to creating refugees and displaced persons, disrupt the public health infrastruc​ture and favor the spread of disease. Malaria is a common cause of death among refugees and the displaced in numerous coun​tries, including Thailand, Somalia, Rwanda, the Democratic Republic of the Congo, and Tanzania. 

Societal Factors
In developed nations, especially, changes in family life and increased opportunities for women, has led to an increase in use of day care and pre-schools. Children attending day care centers are at risk for a variety of intestinal parasites, diarrhea, middle ear infections, and men​ingitis.  Children may convey the microbes to their family members, who might, in turn, take their microbes to the workplace. 

As longevity increases, so does the number of elderly citizens requiring nurs​ing homes and assisted living environments. Like child day care, these facilities are potential hotbeds for the emergence and spread of infectious diseases.

Food production and dietary habits also affect the spread of microbial dis​eases. Globalization of the food supply, centralized processing, fast-food restaurants, dining out, and take-out food are all contributors. Many recent examples exist of food from within and outside the United States—contaminated with salmonella, and pathogenic protozoa, etc.—causing widespread outbreaks of foodborn illness.
Tattooing and body piercing are ancient art forms that have long been practiced. Recently, young people have brought these practices into the mainstream of the developed world.  The risk of infection with a variety of microbes, particularly the bacterium Staphylococcus aureus, is a real possibility, and patrons are often at risk because of nonsterile instruments and poorly trained personnel. 

