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ABSTRACT

When we reconsider the virology and history of the Spanish Influenza Pandemic, the science of 2018
provides us with tools which did not exist at the time. Two such tools come to mind. The first lies in the
field of ‘gain of function’ experiments. A potential pandemic virus, such as influenza A (H5N1), can be
deliberately mutated in the laboratory in order to change its virulence and spreadability. Key mutations
can then be identified. A second tool lies in phylogenetics, combined with molecular clock analysis. It
shows that the 1918 pandemic virus first emerged in the years 1915-1916.

We have revisited the literature published in Europe and the United States, and the notes left by
physicians who lived at the time. In this, we have followed the words of the late Alfred Crosby: who
wrote that “contemporary documentary evidence from qualified physicians” is the key to understanding
where and how the first outbreaks occurred. In our view, the scientists working in Europe fulfill Crosby’s
requirement for contemporary evidence of origin.

Elsewhere, Crosby also suggested that “the physicians of 1918 were participants in the greatest
failure of medical science in the twentieth century”. Ours is a different approach. We point to individual
pathologists in the United States and in France, who strove to construct the first universal vaccines
against influenza. Their efforts were not misdirected, because the ultimate cause of death in nearly all
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cases flowed from superinfections with respiratory bacteria.

Introduction

In January 1917, the main force of the British army was deployed
in France, along the Western Front. In a line of trenches stretching
from Dunkirk, on the North Sea, to the headwaters of the Somme,
two million officers and men were gathered in cramped, cold, and
insanitary conditions. The risks to health were clear. Typhoid,
dysentery, and pneumonia had long been the real enemies of
soldiers. Accordingly, the medical resources of the British Isles
had been gravely depleted, and the finest minds sent to France.
Bacteriologists and sanitary officers — respected scientists and
administrators — undertook day to day inspections of billets,
encampments, hospital wards, trenches, indeed every location
where soldiers were found. Their work was preventative. The
army had 150,000 beds in which to care for the wounded and
sick." And, during the opening weeks of 1917, it seems that, in
many hospital centers, the sick were present in preponderant
numbers, and respiratory problems had very much come to the
fore.

Until 1917, the new science of pathology had identified the
bacteria causing disease, and had rapidly formulated vaccines.
Most soldiers were inoculated against cholera, typhoid, and small-
pox before they crossed over to France, and chemicals based on
chlorine were applied in large quantities to surfaces, food, and
drinking water.”

One important infection, however, had been tackled neither by
disinfectants nor vaccines. That disease was influenza. During each

of the years 1915 and 1916, some thirty odd thousand soldiers were
admitted to army hospitals, suffering from influenza. Not a large
total, perhaps, given that the figure of two million soldiers, as set
out above, was simply the total at any given time, and concealed an
ever-shifting flow of young men. In early 1917, however, the
situation suddenly and unexpectedly changed. In the course of
our researches, we have identified long-neglected outbreaks of
infection: outbreaks which, judged as minor at the time, can now
be seen as increasingly important, and a portent of the disaster to
come. After all, within 18 months, the most serious influenza
pandemic in history had killed some fifty million people.

Early outbreaks in 1917

Two papers were published in The Lancet in 1917 describing an
outbreak of disease constituting “almost a small epidemic”. The
first paper was written by physicians at a hospital center in
northern France,” and the second by a team at an army hospital
in Aldershot,* in southern England. In both instances, the dis-
ease was characterized by a ‘dusky’ cyanosis, a rapid progression
from quite minor symptoms to death — which death in any case
usually resulting from a superinfection involving staphylococ-
cus, streptococcus, etc.

The first outbreak to be recorded and published took place in
the so-called ‘Etaples Administrative District’, an area extending
across some eighty square miles along a forgotten area of the
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French coast. In the complex of hospitals there — the largest in the
British army at the time” — comprising more than twenty thousand
beds, physicians encountered an “unusually fatal disease” accom-
panied by “a symptom complex so distinctive as to constitute
a definite clinical entity”. The research undertaken in the produc-
tion of this paper was particularly exhaustive in its scope and
depth. Not only were the usual examinations undertaken, of tissue
and sputum, but a postmortem examination was conducted of
every single soldier dying of disease, throughout a period of seven
weeks in early 1917. Clinically, it seemed, an ordinary case of
minor respiratory infection moved on to bronchitis, pneumonia,
and thence rapidly to death - a death ushered in by dyspnea and
cyanosis. The problem may have been even more widespread. At
that same time, from a viewpoint closer to the trenches, a senior
consultant had written to Sir William Leishman, the British
Army’s chief pathologist. He had seen, he said, “some very severe
and rapidly fatal cases of Bronchitis”, which he thought were
“Influenza in type”.

From Aldershot, in the south of England, three yet more senior
physicians were also tackling a problem whose hallmarks looked
very much the same. Throughout the winter of 1916-1917, they
wrote, they were encountering deaths through respiratory disease
which seemed in every way to reflect the symptoms of those dying
at Etaples: a form of bronchitis in which cyanosis and lung block so
often supervened. They were encountering a case fatality in the
order of 50%, and they were learning from colleagues in England
and France that the malady was occurring elsewhere. Throughout
their paper, they pointed to one clinical symptom above all which
typified the faces of those who were destined to die: “a peculiar
dusky heliotrope type of cyanosis of the face, lips, and ears, so
characteristic as to hall-mark the nature of the patient’s malady”.

These physicians remained puzzled by the epidemiology of the
outbreaks which they faced. All showed high mortality - in excess
of 40%, it was reported from Etaples — but with little or no spread
from person to person. No doctor or nurse, for instance, died, and
there were no reports of an outbreak in the civil population. So
what diagnosis did these physicans make? In truth, they lacked the
science to understand the underlying cause. We believe that they
could have suspected influenza, but that the lack of spread con-
fused them. The bacteriologists of that era had accepted Pfeiffer’s
proposition that the Russian influenza pandemic of 1889 had been
caused by a Gram-negative bacillus — a bacillus which came to bear
his name. The authors of 1917 hesitated, therefore, to call the
outbreak ‘influenza’; and, in any case, the word was not in com-
mon useage in scientific circles at the time. In the years since the
outbreak of 1830, physicians preferrred to use terms such as
‘epidemic catarrh’ or ‘epidemic bronchitis’.

When they looked back, in 1919, after clinically examining
tens of thousands of cases, the Aldershot team emphasizes
that “in essentials the influenza pneumococcal purulent bron-
chitis that we and others described in 1916 and 1917 is
fundamentally the same condition as the influenza pneumo-

nia of this present pandemic”.®

A modern-day scientific interpretation of the
epidemics in 1916 and 1917

How differently would the world react today, were it to be armed
with reports of outbreaks such as these! A present-day virologist or

pathologist would fit together the scenario of an emerging influ-
enza pandemic, using China and the two bird influenza viruses,
H5N1 and H7NOY, as a current model. Today, the World Health
Organisation (WHO) is on full alert; and every nation in the world
has been asked to plan for a pandemic of bird influenza A (H5N1)
or (H7N9). And this despite the fact that, in China, fewer than
a thousand deaths have been detected in a population of
two billion; and that neither H5N1 nor H7N9 is spreading in the
community. In other words, we appreciate today that a unique
characteristic of a pre-pandemic virus lies in its inability to spread
from person to person. We also know that pandemic influenza
A virus is an ‘emerging virus’, with aquatic geese, ducks, and swans
as a reservoir. The outbreak in 1997 in Hong Kong showed us that
such viruses can cross the species barrier directly, from birds to
humans, but cannot easily take the next step, and move from
human to human. We deduce that these first ‘in man’ influenza
viruses can replicate deep down in the lung, rather than in the
upper airways, where coughing enables the virus to spread from
person to person. Once the virus has mutated and can move from
the base of the lung to the upper airways, then, necessarily,
a pandemic can break out. And we know, from ‘gain of function’
experiments”® (whereby the virus H5N1 is deliberately mutated in
a laboratory) that the virus would only need four to five mutations
in the HA gene to enable it to trigger person-to-person spread.
With an RO of 3, and a Generation Time of two to three days,
a million infections can be caused in 40 days and nights, in an
immune-naive population.

The third piece of evidence supports our hypothesis about the
timing of the emergence of the Spanish flu virus in 1916. Michael
Worobey et al. have applied phylogenetic and molecular clock
analysis to all eight genes of the HINI family of influenza
viruses,” which we know now caused the pandemic because
genes of this subtype have been detected in clinical lung samples
from 1918 victims in the United States, and London. Worobey
hypothesized that seven genes of a bird virus emerged directly in
1916 from a migrating waterbird and reassorted with an already
established epidemic influenza A HI gene, itself having emerged
and reassorted around 1907. Thus, a brand-new potentially pan-
demic virus entered the human population. Still, as we noted
above, it is likely that further mutations allowed wider dissemina-
tion of the virus. We consider that the 1916 virus would have
exchanged high lethality for a higher level of infectiousness as it
moved in a grand circle from Etaples to the United States and back,
in the bodies of the men of General Pershing’s Expeditionary
Force. We also deduce that the emerged 1907 H1 virus could not
itself have spread widely. In the same way, today, the bird influenza
H5N1 which emerged in 1997 has not left south-east Asia and
become widespread. Had this not been the case, and the 1907 H1
had indeed spread, the wider population would have developed
a real measure of protection by the year 1918.

Could the Spanish influenza have arisen in China or
the United States?

Two alternative geographical hypotheses have been widely
aired in North America.'” These propose either the State of
Kansas, or an area in northern China, as the places where the
virus first emerged. Suffice it to say that we anticipate that, in
any such focal area, there would be a large population of



youngsters, perhaps crowded and stressed, and in contact with
geese and ducks, most likely because of a nearby migratory
flight path. It should be recalled that new influenza viruses are
carried as enteric infections in migrating water birds, and
move to domesticated birds, and thence to humans. Alfred
Crosby demanded a scientific publication to back up any
claim of Spanish influenza emerging anywhere in the world.
However, there are no scientific publications backing up
either the Chinese or Kansas hypotheses - merely a brief
observation in Kansas by a general practitioner of a local
winter respiratory outbreak, and, in China, reports filed by
a doctor for routine administrative purposes rather than for
a scientific or medical journal. Olson and colleagues'' have
presented epidemiological evidence of a herald, or warning,
wave of influenza in New York in the winter of 1917-18. In
clinical terms, their description fits the signature of the 1918
influenza pandemic - namely, high numbers of deaths in
young people. However, Olson and colleagues do not propose
that city as the source of the pandemic. Nor do they endorse
the view that the pandemic emerged in the State of Kansas in
the USA. That view, they write, “has become widely accepted
without vigorous re-evaluation of the original evidence”.

A question is whether the precise origin of these earlier
pandemics merits scientific attention. In our opinion, clarifi-
cation of the factors of geography, demographic mix, migra-
tion, farmers, and markets is crucial; and this knowledge
would allow us to identify a new virus in likely hotspots
before it becomes widespread.

Forgotten development of influenza vaccines in 1917

The pathologists at Etaples, in describing their treatment of
‘purulent bronchitis’, mentioned their need for a vaccine, as
a prophylactic. They reported on the progress they had made
to identify the pathogens causing mortality in the camp, and
pointed specifically to streptococcus, pneumococcus, staphy-
lococcus, and Pfeiffer’s bacillus. They then undertook small-
scale cultivation of these bacteria, and subsequently heat-
treated them to prepare a safe vaccine. By the time the vaccine
was ready, however, the “small epidemic” was nearing its end,
having caused a mere one hundred deaths between ten and
twenty thousand hospital patients.

Fifteen months later, military pathologists were to be found
investigating the efficacy of similar ‘mixed’ catarrhal vaccines
(MCV). A relatively large-scale investigation was carried out in
this field. The vaccine contained seven different heat-treated
organisms: pneumococcus, streptococcus, B. influenzae, stapho-
coccus aureus, M. catarrhalis, B. pneumoniae, and B. septus. It
was prepared in two dosage strengths, delivered ten days apart.
In September 1918, John Eyre, a co-author of the Aldershot
purulent bronchitis paper, together with a colleague, immunized
16,000 New Zealand recruits and used another 5000 as unin-
oculated controls. By this procedure, the risk of death in severe
and complicated cases was reduced from 23% to 8%."

By late 1918, Sir William Leishman had become Director of
Pathology at the War Office in London. He now recommended
that bacterial vaccines be used on a wider scale. One such vaccine
contained three types of bacterium: B. influenzae, 400 million
per millilitre; streptococci 80 million; and pneumococci
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200 million. 15,624 men were vaccinated, whereas 43,520 were
not. Deaths were reduced from 2.25 per thousand, in the control
group, to 0.12 per thousand in the vaccinated group. Lung
complications were reduced on a similar scale. As Leishman
put it, the results “had best be left to speak for themselves”."?
In modern terms, the trial can be criticized as poorly controlled,
in that the two vaccine groups were not matched, and soldiers
were immunized on an ‘every other one’ basis. Even so, as recent
recruits, they were similar in age and health.

In New York, the bacteriologist William Park was carrying
out work of an entirely similar kind."* His experimental vaccine
contained B. influenzae, pneumococcus types 1 and 2, and
hemolytic streptococcus. He prepared small batches of vaccine
and immunized 60 people. In the control, non-immunized
group, ten developed pneumonia, three of whom died. In con-
trast, only three of the vaccinated group developed pneumonia,
none of whom died. In a quite separate North American project,
at Camp Upton, in 1919, Synnott and Clark produced a vaccine
containing types 1, 2, and 3 pneumococci.’> They noted “not
only a successful immunization against pneumococci of the
three types mentioned, but also distinct protection against
streptococcal pneumonia, the incidence of which among the
vaccinated cases was very low.”"?

At the Royal Army Medical Corps scientific center in London,
a large-scale vaccine project was underway; but the dislocation
arising at the end of the war — the demobilization of medical
personnel, for example - led to the project folding. The virus,
however, had not stopped evolving, and caused a further large
outbreak during February 1919, and thereafter outbreaks at yearly
intervals right through until the year 1933. In that year, a group of
scientists at Saint Bartholomew’s hospital isolated a filter-passing
virus as the true cause of influenza, and thus allowed the first virus-
containing vaccines to be developed.'®

Contemporary influenza vaccines

By 1946, the first killed whole virus and live-attenuated influ-
enza vaccines had been tested in both the United States and
the Soviet Union. By 1960, the HA and NA proteins of the
influenza virus had been separated by ultracentrifugation, to
make sub-unit vaccines. Such vaccines require formulation
yearly and are not wholly effective.

We can note that, rather unexpectedly, the vaccination of
soldiers in 1918 with a mixed bacterial vaccine reduced pneumo-
nia and deaths in those infected with the influenza virus. This can
be explained by the observation that then, and now, over half of the
victims of pandemic influenza virus die because of deep-seated
superinfection with respiratory bacteria.'” Today, pneumococcus
vaccines are stockpiled for use in influenza pandemics, as well as
for yearly outbreaks among children and the elderly. But more
research is needed with streptococcal and pneumococcal vaccines.

In modern times, the ingenuity of immunologists and mole-
cular biologists has been applied to the design of so-called ‘uni-
versal influenza vaccines’. There is the hope of a broader-based
immune response, even covering new pandemic viruses. Many of
these new vaccines are composed of peptides of the influenza
hemagglutinin, particularly from the stalk region, which is anti-
genically related between the HA subtypes.'® Other researchers
have made experimental vaccines, using the internal influenza
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virus proteins M, NP, and polymerase PA, PB1, PB2, and also
M2e."”*> An underlying research strategy is to formulate novel
vaccines to increase the magnitude of CD8 and CD4 T-cell mem-
ory to influenza proteins. Two such vaccines have reached clinical
testing in the community in the European Union.**

We remain impressed by the care and initiative shown by our
predecessors 100 years ago. Their efforts did have an impact on
the level of fatalities, but, not unexpectedly, had no effect upon
spread: the result, of course, of everyone’s misunderstanding of
the nature of the pathogen involved. Even so, we can speculate
that, had the two RAMC groups concluded that influenza was
the underlying problem, in Etaples and Aldershot in 1916, they
would have had better scientific grounds to embark on a two-
year vaccination programme.>
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