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The deviation of man from the state in which he was
originally placed by nature seems to have proved to him
a prolific source of diseases.

—Edward Jenner (1749-1823), pioneer of the smallpox vaccine,

sometimes called the “father of immunology”
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INTRODUCTION

Pandemic—we react immediately and viscerally to the word,
which seems so close to “panic,” though they actually share
no etymological connection (“panic” derives from the Greek
mythological creature Pan). But pandemics can cause panics,
and the sense of imminent danger may be more universally
contagious than any virus or bacterium. A lethal virus spread-
ing rapidly and inexorably is, to most of us, a truly terrifying
thought, so much so that it pushes other nightmare scenarios
that generally hover at the edges of our consciousness (termi-
nal cancer, leukemia, incipient dementia, stroke, quadriple-
gia, cardiomyopathy, and so on) into deep background. Still,
should a pandemic hit, it’s essential that we don’t go into panic
mode. We need to keep our wits about us.

Thisbook isintended to help in that cause. Rather than focus-
ing on the high drama that goes with chasing down dangerous
pathogens, the basic intent is to supply accessible information
about what’s out there and what we should do when a threat
emerges. While my personal involvement with infectious dis-
eases is laboratory based, I've had a lot of help from medical
friends who deal with the clinical and public health realities.
Then, as a research investigator and nonfiction science writer
who has increasingly been drawn into various public debates,
I’'m also very conscious that an acute sense of dread can seize
some of my fellow citizens, including many who are well
educated, when it comes to understanding the intricacies of
disease processes. Some experience a gut-wrenching sense of
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revulsion when they encounter technical terms. This book con-
tains a few. But I hope that readers won’t simply give up when
they come across the first bit of scientific jargon. To understand
both infections and what to do about them, we need to know
something of the vocabulary that’s used by the profession-
als. I do my very best to explain matters in an accessible way,
beginning with a synopsis of infection and immunity, the basis
of any discussion of pandemics. And in the hope that you will
be persuaded to persist with that little science/technology
tutorial, I've also included a few human stories and even the
occasional outrageous statement.

We all benefit from understanding at least a little about the
various viruses, bacteria, and other bugs that have the capacity
to live in and on us. After all, they are in many senses our most
intimate associates. When a head cold or mild flu-like illness
spreads, we experience a gentler form of what would happen
when a genuine pandemic virus comes on the scene. It is my
hope that what you encounter in the pages that follow will pro-
vide useful background, such that you have enough information
to refine your search when you look up your symptoms on the
Web, or hold your own when you get involved in a discussion of
vaccination, or know what to expect when you travel to regions
where dangerous pathogens are circulating. Readers with some
background in biology or medicine may feel tempted to skip
this brief summary, though I must confess that as I went about
the process of checking some of my facts, I realized that there
were some points on which my understanding was flawed, and
I've been doing research on infection and immunity for 50 years.

A word about medical terms that are in common use but
not always understood. I will, for instance, be talking about
two “syndromes,” as in SARS (severe acute respiratory syn-
drome) and AIDS (acquired immunodeficiency syndrome).
A syndrome is a complex, newly recognized condition about
which we know the “what” but not the “why,” though the
label often sticks after we do work out the “why.” A familiar
example is Down syndrome, a developmental abnormality
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associated with the presence of all, or part of, an additional
21st chromosome. First described in 1866 by the British physi-
cian John Langdon Down, it took almost a century to establish
the genetic basis of this characteristic condition. Though such
names are firmly embedded in clinical practice, modern, evi-
dence-based medicine identifies new diseases by their known
cause (etiology) rather than by the name of an eminent doc-
tor or by some symptomatic shorthand. The cause of SARS,
for instance, was soon worked out, though not before the dis-
ease had achieved broad notoriety. Given the incredible speed
of contemporary communication and the short media cycle,
the “syndrome” label was firmly fixed in both the public con-
sciousness and the scientific literature.

“Syndrome” therefore reflects that first phase of confusion
and, to some degree, fear. When the SARS outbreak seemed to
strike out of nowhere in the early years of the twenty-first cen-
tury, the citizens of Hong Kong and Singapore were terrified.
The infection spread extremely fast. People stopped traveling.
The effects on local businesses were disastrous (except those
selling disinfectants and protective facemasks). The hotels
reported immense financial losses. That was also true for air-
lines. While SARS was essentially dealt with—identified and
contained—in the course of six to eight months, the economic
consequences were still being felt two years later.

Rational thinking can quickly be compromised by pervasive
fear, even when the situation may not be all that bad. I hap-
pened to be in Toronto in October 2009 when an otherwise
healthy and active teenage boy died of the pandemic HIN1
influenza A virus, known now as the “swine flu.” People were
deeply shocked and, as the vaccine against this virus was just
becoming available, rushed to have their kids immunized.
But the logistics of vaccine delivery and the amounts at hand
meant that not every child could be protected immediately,
a fact that caused general outrage, with parents demanding
that the government increase the supply without delay. Yet, six
months later, when most had concluded that the “swine flu”
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caused a generally mild infection, it was hard to give the vac-
cine away, even to pregnant women who were, and remain, at
significant risk.

As an active member of two research programs (one in
Memphis, Tennessee, the other in Melbourne, Australia) that
focus on influenza immunity, I was very aware of the efforts
being made to sort out the identity of this novel—meaning, as
it sounds, previously unknown—version of a familiar patho-
gen. Both teams contributed significantly to the understanding
that some components of the HIN1 “swine flu” virus had been
hiding out for more than 90 years in our fellow mammals. The
strain that emerged so suddenly in early 2009 was born when
two different viruses that infect pigs got mixed up together—
a process called “reassortment”—to produce a pathogen that
spread rapidly in humans. Looking at the gene sequences
of the new virus, scientists soon realized that at least one of
the major proteins is very similar to that found by Jeffrey
Taubenberger and his colleagues in the “resurrected” genome
(completed in 2005) of the virus that caused the 1918 Spanish
flu pandemic. While we can’t yet reproduce the scenario in
Michael Crichton’s Jurassic Park and bring complex creatures
like dinosaurs back from the dead, Taubenberger and col-
leagues were able to recover virus gene sequences from several
different sources of human post-mortem material. These were
then “stitched together” to remake the pathogen that caused
the Spanish flu, which remains the worst pandemic of modern
times. That 1918 “Lazarus” virus is handled under ultra-high-
security conditions, for although we know a great deal about
these pathogens, there remains much that is not understood
about why people die from influenza.

Most of us now associate “pandemics” with “influenza,”
reflecting the fact that all four acutely lethal pandemics expe-
rienced (thus far) in the twentieth and twenty-first centuries
(see Figure I1.1) have involved the flu. While the very first flu
virus was not isolated until 1933, influenza (sometimes known
by its French term, la grippe) has long been familiar and is
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1918 Spanish 1957 Asian 1968 Hong Kong
20-50 million 1 million 0.5 million

Figure 1.1. This summarizes the three influenza A virus pandemics of the twentieth century
and illustrates their possible origins, either directly from an avian species (1918), or as a con-
sequence of viruses that are circulating in birds, humans, and/or pigs coming together in the
lung of a pig. The small rectangles in the pig symbolize the 8 influenza gene segments that can
reassort (mix and match) if a pig lung cell is infected simultaneously with two different viruses
to give a novel pathogen that is highly infectious for us, a process called “antigenic shift.” The
broad virus types are categorized by the numbers assigned to the surface hemagglutinin (H) and
neuraminidase (N) proteins present on the outside of the virus particles. The common names
given to these viruses reflect where the pandemic was first acknowledged (in 1918) or the virus
was initially isolated (1957 and 1968), and the counts below are for those who are thought to
have died in the first year or two of virus circulation. Seasonal variants that arise from mutational
change (“antigenic drift”) in the surface H3 and/or N2 proteins of the Hong Kong flu virus are still
circulating in us, with one such strain being the primary cause of the epidemic declared for the
United States in January 2013,

Reproduced courtesy of Dr. Robert G. Webster at St. Jude Children’s Research Hospital.

clearly described in records dating from the Renaissance and
even before. Following the discoveries of Louis Pasteur, Robert
Koch, and other nineteenth-century microbiologists, the basic
nature of infectious disease was widely understood by the time
that European nations and their colonial cousins embarked on
that appalling tragedy of 1914-1918, the Great War. According
to an account written later by Quartermaster General Erich
von Ludendorff, the joint German military commander (with
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Field Marshall Paul von Hindenburg), the Spanish flu pan-
demic helped bring the conflict to an end by further deplet-
ing the ranks of the armies. German manpower was rapidly
exhausted, and America’s entry into the war meant that
Hindenburg and Ludendorff were facing what seemed like an
endless reserve of fresh troops.

Though initially the Allied and Axis politicians and gen-
erals weren’t admitting to the disease’s effects, the Spanish,
who were non-combatants, did the right thing—in the public
health sense—and acknowledged that influenza was rampant.
Spain gets a bum rap for being open about this. As John Barry
describes in The Great Influenza (see “Further Reading” list),
the virus likely came across to Europe with the newly arriving
(from June 1917) American Expeditionary Force. While it was
known by the 1930s that the Spanish flu was indeed caused by
an influenza A virus, the specific characteristics of this deadly
pathogen remained unclear until Taubenberger and his col-
leagues brought it “back to life” from lung tissue that had been
stored for 80-plus years.

The shock of the worst pandemic of modern times was ini-
tially blunted by the sheer horror of what had happened in the
trenches and battlefields of Belgium and France. In fact, many
more were to succumb to influenza than were killed by bombs,
bullets, poison gas, diarrhea, bacterial infections like gas gan-
grene, or simply drowning in the thick mud of Flanders. As
described in a contemporary account by physician Victor
Vaughan, the bodies of American recruits were “stacked about
the morgue like cords of wood,” and yet the full extent of the
catastrophe was initially concealed for reasons of military secu-
rity. But the story soon got out and, by the time the Spanish flu
hit civilian populations, the fear was palpable. In the end, as
many as 50 million people died.

Could the same thing happen today? Modern air travel
means that the dissemination of the equivalent of the 1918
virus would be worldwide, perhaps within a matter of weeks.
Given that the global population is about four times greater
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than it was back then, we could be looking at a mortality rate
in excess of 100 to 200 million. That’s one scenario. The other is
that because of modern medicine the reemergence of a Spanish-
like flu virus might not be so lethal. Many who have looked
back at the detailed medical and pathology records from that
time think that a significant proportion (if not the majority) of
the deaths in 1918-1919 were due to the exacerbating effects
of bacterial infections that became established on top of the
initial, virus-induced lung damage. If such secondary bacterial
pneumonia was, indeed, to be a major cause of severe disease
in a contemporary influenza pandemic, substantial numbers
could be saved by the judicious use of antibiotics, even if the
virus spread widely before a vaccine became available.
Perhaps because of the profound trauma associated with
the Great War—which obliterated an entire generation of
French, German, and British young men (and killed 116, 516
Americans with more than 320,000 casualties)—there is little in
the contemporary literature of the 1920s and 1930s that tells of
the devastation caused by the flu pandemic. The medical and
scientific accounts of the time are written in the dispassion-
ate style of the physician, pathologist, or public health service
doctor. As ever, to appreciate the human dimension, we look
as much to creative writing as to analytical descriptions by sci-
entists and popular syntheses by nonfiction authors. Katharine
Anne Porter’s 1939 novella Pale Horse, Pale Rider gives us an
acute sense of the grief and loss borne by those who sur-
vived. More recently, Dennis Lehane’s The Given Day (2008)
interweaves influenza, baseball, Babe Ruth, and the political
machinations and corruption affecting the Boston municipal
administration and police force. Lehane gives a sense of the
courage of the public officials who, though poorly paid, put
their lives at risk to help the sick, and describes how some who
survived the infection were unable to work again and died
young. Published in 2012, Tom Keneally’s The Daughters of
Mars puts a human face to the disastrous loss of nursing staff
as influenza compromised all aspects of the war on Europe’s



