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TI'S  DISPENSARY.

collections of fresh water where mosquitoes breed. Later,
insecticides also made an important contribution. Today,
many wealthy nations report no cases of the disease.
Yellow fever is another disease that is transmitted by
mosquitoes, as proved by Walter Reed, who divided
volunteers into groups that allowed themselves to be
bitten by mosquitoes and others who were protected
from them. Only those who were bitten developed the
disease. Again, because mosquitoes were the common

vector, synergies resulted from efforts to reduce malaria
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and yellow fever. Max Theiler received the 1951 Nobel
Prize for developing the first attenuated virus vaccine.
Poliomyelitis once ravaged temperate climates,
causing death and permanent paralysis in many of its
victims. Interest in the disease was stimulated by its
most famous patient, US President Franklin Roosevelt.
Eventually, the development of vaccines, financed in
the US by the March of Dimes campaign, enabled
Jonas Salk to develop an inactivated vaccine, followed
by Alfred Sabin's attenuated vaccine, leading to the
near-eradication of the disease in wealthy countries.
Tuberculosis reigned as the major cause of death in the
Western world for centuries, and it was responsible for up
to a quarter of deaths in large urban centres. The isolation
of the tubercle bacillus by Robert Koch secured him the
1905 Nobel Prize. Routes of transmission such as infected
milk were eliminated, and general improvements in diet
and housing helped to drive down the infection rate,
followed by the development of effective drugs. Today

the disease is rare in many wealthy nations.

Above, from left: Two communicable diseases: a cartoon from
1886 showing the dangers of polluted water and cholera, and a
smallpox quarantine poster from 1910s San Francisco.
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from his Micrographia.

Above: Robert Hooke's famous drawing of a flea,
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AN ONGOING WAR
Despite these and other successes, infectious diseases
have by no means been eradicated. Death rates due
to infection remain high in many poorer parts of the
world, where diarrhoeal diseases and malaria remain
major causes of death, and diseases of centuries
past such as measles, pertussis, and tetanus
continue to take a major toll. Many
of these diseases, including the
organisms that cause pneumonia,
hit children particularly hard.
Moreover, new diseases have
arisen. HIV/AIDS, which was
first identified in the 1980s,
is thought to represent the
world’s numbertwo  infectious
killer, resulting in several million
Among the
problems this disease presents is
the fact that many infected patients

remain largely asymptomatic for years

deaths per year

after infection, during which they can transmit it to
others. Untreated individuals die on average about ten

years after infection.
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The number-one cause of death from infectious disease
is lower respiratory infections, especially pneumonia and
bronchitis. But beneath this apparently simply fact lies
a large group of pathogens, including streptococcal

and staphylococcal bacteria, parasites such as
cryptosporidiosis, and a large variety of viral
pathogens, including influenza A and
B, adenovirus, parainfluenza virus,

and respiratory syncytial virus.
Particularly vexing are viral
causes of pneumonia, such
as influenza viruses, which
mutate regularly. As a result,
a strain of flu that spreads
across the world one year
may provide no immunity to a
subsequent strain the next year.
Hence people are encouraged
to receive annual flu immunizations
against the most likely strains. Despite
its ubiquity and regularity, seemingly simple
aspects of influenza remain poorly understood, such as

why outbreaks tend to be seasonal
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Infectious Disease

INFECTIOUS AGENTS ARE CALLED CONTAGIOUS
WHEN THEY ARE EASILY TRANSMITTED

DISEASE

Infectious agents are called contagious when they are
easily transmitted from one person to another. Some
are transmitted directly, through respiratory droplets or
sexual contact. Others spread indirectly, through such
routes as contaminated food and drinking water, non-
human animals, and insect bites

Physicians distinguish infections from many other
forms of disease, including congenital disorders
such as spina bifida, inflammatory disorders such as
rheumatoid arthritis, traumatic injuries, metabolic
diseases such as diabetes, benign and malignant
tumours, and vascular disorders, such as heart disease
and stroke. Yet it must be said that even some of these
diseases can be traced to infection, such as the human
papillomavirus's role in causing cervical cancer.

Infections can involve many different organ systems.
The respiratory system represents the single most
ccommon portal of entry and site of the greatest number
of cases of infectious diseases, such as the common
cold and influenza. The digestive and urinary systems
are other common sites of infection, including food
poisoning and run-of-the-mill urinary tract infections.
In fact, every organ in the human body, including
the brain, heart, and bones, is subject to a variety of
infectious diseases

Mere exposure to an infectious agent does not
necessarily produce disease. For example, some
bacteria that normally live on the skin cause no harm
unless they gain access to other body compartments,
such as a joint. Some infectious agents are more
virulent (more likely to cause disease) than others.
Another key factor is host resistance to infection.
Patients with impaired immune systems may develop
disease from an exposure that would have no effect if

the immune system were functioning normally.

FROM ONE PERSON TO ANOTHER.

DIAGNOSIS

Physicians diagnose infectious diseases by a variety of
means. The most venerable are history and physical
examination. Does the patient have typical symptoms
ofinfection, such asfever, cough, vomiting or diarrhoea,
or rash? Exposures are especially important. Has the
patient been around some else with similar symptoms,
or can a cluster of cases be traced to a particular
source, such as contaminated food or drinking water?

A key technological development in the diagnosis
of infectious disease was the introduction of the
microscope. When tissues such as blood or bodily
fluids such as sputum or urine are stained and
examined with a light microscope, organisms such as
bacteria and fungi are often visible. More advanced
techniques, such as electron microscopes, are much
more powerful and can visualize smaller infectious
agents, such as viruses.

Another important diagnostic technique is cell
culture. Bacteria and fungi can often be grown in a petri
dish containing a growth medium, and their colonies
often have a characteristic appearance. Infectious
agents such as bacteria can then be subjected to
different antibiotics, to determine which ones they are
susceptible to. Some infectious agents, such as viruses,
can only be cultured in other living organisms, such as
the embryos in chicken eggs.

Other even more sophisticated tests look for specific
molecules associated with specific infectious agents.
When an infectious disease evokes the production
of antibodies by the host organism, the presence of
antibodies proves infection, as in a common test for
strep throat. The presence of specific enzymes can be
used to identify viruses. More recent tests based on
the polymerase chain reaction (PCR) look for specific

nucleic acids associated with an infectious agent.
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'HUMAN POPULATION DENSITY

NEW CHALLENGES

Recent decades have been marked by the appearance
of new viral pathogens, such as the severe acute
respiratory syndrome coronavirus (SARS-CoV), Middle
East respiratory syndrome coronavirus (MERS-CoV),
and severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2),
worldwide pandemic of 2020. Many of these viruses

which was responsible for the
bear strong similarity to viruses known to infect other
species. For example, SARS-CoV-2 strongly resembles
a bat-borne virus.

Such species-to-species transmission is probably
traceable to a number of factors, including increasing
encroachment of human communities on wildlife
habitats, which forces animals to live in denser and
denser populations; the movement of more and
more human beings into densely packed cities,
permitting higher rates of transmission of such
diseases; and increasingly rapid travel patterns, which
quickly disseminate diseases such as viral respiratory
infections internationally.

As this brief account indicates, humanity has achieved
great successes against some infectious diseases,
particularly through prevention via improved diet,

water supply, sanitation, and immunization. But the

Reports of the Death of Infectious Disease Were Greatly Exaggerated

circumstances of human life have also changed in ways
that promote the transmission of infectious diseases —
most notably, increasing population density and range
and speed of travel of infected individuals. The balance

between pathogen and host keeps shifting.

Opposite: A micrograph of the HIV virus.

Above: Population density (people per km? by country, 2006.
Below: An artist’s impression of a coronavirus.

The novel coronavirus SARS-CoV-2 emerged in late 2019.
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THE LIFE OF AN

INFECTIOUS MICROBE

Suppose you are an infectious microbe. You are very small. The largest human cell, an

egg, released by the human ovary about once every 28 days in women of childbearing

age, has a diameter of about 0.1 mm, meaning about 10 of you could line up end to

end in the space of 1 mm. A typical bacterium, by contrast, is about 0.001 mm, only
1/100 as wide. You could line up about 1,000 bacteria in 1 mm. The diameter of a

typical virus is about 0.0001 mm, meaning you could line up 10,000 viruses in 1 mm.

You are also incredibly numerous. It has been estimated
that the number of bacteria on earth is about 5 million
trillion trillion, which is the number 5 followed by 30
zeroes. This number exceeds the known number of
stars in the universe. The number of viruses is estimated
to be even more, about 10 to the 31st power. Compare
these figures to the number of cells in an adult human
body, which is estimated to be about 50 trillion, or the
number 50 followed by 12 zeroes.

You are also incredibly pervasive. Bacteria are

found throughout the earth, from the deepest depths

of the ocean to as high as 40 miles up in the earth’s
atmosphere. Extremophiles, bacteria that thrive under
extreme conditions, are found in such unlikely places
as geothermal vents, where temperatures reach
121 °C, under Antarctic ice at temperatures of -25 °C,
and at incredibly high levels of pressure and acidity.
And viruses infect all forms of life, including plants and
animals, as well as bacteria.

You are also, at least in many cases, incredibly
intricate and beautiful. Many viruses, for example,
exhibit an icosahedral shape with many component
symmetries, including three-fold symmetries on
their faces and five-fold rotational symmetries on
their vertices. One attribute they lack, however, is
colour — they are simply too small to be seen by
visible light. Their beauty is even stranger because
some viruses inflict terrible damage on the organisms
they infect.

You are also incredibly busy. You share at least two
functions with every other living organism — namely,
survival and reproduction. To do so, you need to carry
out a number of activities in sequence. You might think
of these activities as a chain of six links, each link of
which is necessary for the whole chain to remain intact.
These are the very same six steps that physicians
and scientists striving to prevent and cure infectious

diseases seek to disrupt.
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THE CHALLENGE

The first such task is to gain entry to a host. In the
case of human diseases, the most common portal
of entry for infectious organisms is the respiratory
system, specifically the nose and throat, although
other common sites include the gastrointestinal and
urinary tracts. Many infectious microbes have adhesins
on their surface that allow them to attach themselves
to host cells. The cells to which they first attach are
not always the ones in which they ultimately produce
disease, however.

Your second mission is to establish yourself within
a specific niche. Many pathogens contain or produce
invasins, such as enzymes that enable them to gain
access to host tissues and cells. Gaining entry is vital,
because if the pathogen remains outside the cell, it
generally lacks access to nutrients that the cell contains.
For example, Salmonella and Shigella organisms, both
of which cause diarrhoeal illnesses, enter the cells that
line the intestines.

Your third mission is to avoid host defences. This

is another reason that pathogens enter cells — once

The Life of an Infectious Microbe

avian polymerase

human polymerase

avian polymerase

human polymerase

swine polymerase

human polymerase

swine polymerase

Opposite: A virus (brown) attacking bacteria (red)
Above: The influenza virus H3N2, associated with seasonal flu
Below: An illustration of a virus landing on a bacterium.
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INFECTIOUS
DISEASE

Human beings and the organisms that infect them have been locked in

a dance of disease and death since before the dawn of recorded history.

Prehistoric human remains show clear evidence of infectious disease, such

as tuberculosis of the spine, and recorded history is studded with various

plagues and the devastation they wreaked on individuals, cities, and whole

civilizations. Even today, it is estimated that at least 10 million people die

every year from infectious disease, most commonly pneumonia.

AGENTS OF INFECTION

Infectious agents can be helpfully divided into
broad categories, each of which contains important
subcategories: viruses, bacteria, fungi, parasites,
and arthropods.

Viruses are one of the most remarkable infectious
agents, in part because they do not live independently
of the organisms they infect. Considered by itself, a
virus is just genetic material, DNA or RNA, which codes
for the proteins that make it up, as well as an outer shell
consisting of proteins. Viruses are so small that they
cannot be seen with a light microscope. Viral diseases
include the common cold, influenza, and SARS (severe
acute respiratory syndrome)

Bacteria are single-celled organisms, some of which
cause disease but without which no animal could live.
For example, some of the thousands of species of
bacteria that inhabit the human gut produce vitamin
B, and “good” bacteria in the intestines and on the
skin help to keep disease-causing ones at bay. They are
large enough to be seen with a microscope. Different
bacteria cause diseases such as food poisoning,
tuberculosis, and syphilis.

Bacteria are prokaryotes, meaning that they have
no cell nucleus, but fungi are eukaryotes, indicating

that their cells have nuclei and other membrane-

bound organelles. They include organisms such
as yeasts, moulds, and mushrooms. While some
fungi cause human diseases including candidiasis,
coccidioidomycosis, and histoplasmosis, they are also
responsible for many antibiotics, the rising of bread,
and the production of beer and wine.

Parasites come in many shapes and sizes. Some,
such as the organism that causes malaria, are just
single cells, while others, such as roundworms and
tapeworms, are large enough to be seen with the
naked eye. Parasites generally live within their host,
cannot survive without it, and harm their host to some
degree, in ways that range from stealing nutrients to
causing death

Arthropods are small organisms that have an
external skeleton, a segmented body, and paired,
jointed limbs. They include such familiar organisms
as insects and spiders. When arthropods such as ticks
and fleas transmit disease, their presence is typically
referred to not as an infection but as an infestation.
However, such infestations can transmit other diseases,

such as bubonic plague

Opposite, from top left: Congenital syphilis infecting a sweat
duct; tapeworm parasites; Candida albicans, an opportunistic
fungal pathogen that can infect those with HIV.
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REPORTS OF THE DEATH OF
INFECTIOUS DISEASE WERE

GREATLY EXAGGERATED

BATTLES WON

It is undeniable that the world has made great

progress in reducing the toll of many once-prominent
infectious diseases.

Smallpox, which once ranked as one of the major
causes of infant mortality and, at the time of the
founding of the United States, accounted for 10 per
cent of all deaths, is no longer being transmitted from
person to person. Building on one of the mostimportant
innovations in the history of the battle against infectious
disease, immunization, public health workers have been
able to eradicate the disease from the face of the earth,
and the virus is now thought to exist only in laboratories.

During the nineteenth century, many major cities
were wracked by epidemics of cholera, producing
calls for improved water and sanitation systems and
widespread use of quarantine. By no means has the
disease been completely eradicated, but at least
in wealthier societies, cases of the disease are rare
The epidemiological studies of John Snow and
microbiological work of Robert Koch elucidated the
causative organism and its modes of transmission,
permitting effective control measures.

Steps taken against one disease often help to reduce
the burden of other diseases. The improvements in
water and sanitation systems undertaken to lessen
the incidence of cholera paid additional dividends
in the reduction of typhoid fever. The existence of
asymptomatic carriers such as the notorious “Typhoid
Mary” can now usually be addressed by high doses of
antibiotics and the removal of the gallbladder, where

the causative microbes often reside.
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Malaria, a disease that causes intermittent fevers,
was long blamed on noxious vapours or miasma that
arose from swamps. When Ronald Ross discovered that
mosquitoes transmit the disease, securing him the 1902
Nobel Prize in Physiology or Medicine, the strategy

for eradicating the disease became clear: draining
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