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Separated by a century, the influenza pandemic of 1918 and the COVID-19 pandemic of 2019–2021 are

among the most disastrous infectious disease emergences of modern times. Although caused by un-

related viruses, the two pandemics are nevertheless similar in their clinical, pathological, and epidemi-

ological features, and in the civic, public health, and medical responses to combat them. Comparing and

contrasting the two pandemics, we consider what lessons we have learned over the span of a century and

how we are applying those lessons to the challenges of COVID-19. (Am J Public Health. 2021;111:1086–

1094. https://doi.org/10.2105/AJPH.2021.306310)

It was the best of times when re-

nowned artist Marilee Shapiro Asher

finally left the hospital, in April 2020,

after five days of struggling with COVID-

19 (caused by severe acute respiratory

syndrome coronavirus 2 [SARS-CoV-2]).1

We know that Asher was glad to be home,

looking forward to returning to her studio

and her exhibitions, because she had

already written about what it was like

surviving an eerily similar respiratory ill-

ness as a 6-year-old girl: her most vivid

memory was not the days in bed, but fi-

nally being allowed to get up onemorning

and join her family at the breakfast table,

a joyous event signaling recovery.

That joyous breakfast was in 1918,

when Marilee survived the so-called

“Spanish” influenza, estimated to have

killed at least 50 million people world-

wide, one of the deadliest single events

in all of human history.2 Recovering from

COVID-19 last year, Asher, then in her

108th year, was among a dwindling co-

hort of 1918 pandemic survivors who

not only still remembered it but who also

werenow facing another lethal pandemic:

COVID-19. Childhood memories like

Asher’s were supplemented by an enor-

mous body of medical, scientific, public

heath, and societal information concerning

that earlier pandemic. It is worth reflecting

on this body of collective memory as we

travel through the dark uncertainty of

another pandemic that threatens and

impacts millions of lives. From the vantage

point of an additional century of medical

and social progress, it is hoped that we are

mastering history’s lessons.

THE 1918 INFLUENZA
PANDEMIC

Before 1918, influenza was a poorly

understood disease of unknown cause.

The 1918 pandemic appeared suddenly

in a few populous cities including in

China in June3 and in Northern Europe in

July‒August 1918.4 It rebounded over

most of the world (in both the Northern

and Southern Hemispheres) in Sep-

tember‒November 1918, featuring from

one to several additional recurrences

beginning in late 1918‒early 1919.2,5,6 In

the United States, an estimated 675000

people died in the first year, equivalent

to about 2.16 million deaths in today’s

much larger population, an approximate

1% case‒fatality ratio.2 The explosivity of

the pandemic was staggering. Bodies

were sometimes “stacked like cord

wood” in hospitals, or by roads outside

of cemeteries; coffins had to be mass

produced on a large scale (Figure 1).

Over a few years, the 1918 pandemic

settled into a pattern of less fatal annual

seasonality. Human influenza A viruses

were first isolated in 1933.7 At that time,

isolation materials from the 1918 pan-

demic were thought not to exist; how-

ever, decades later (1996–2005) the viral

genome was fully sequenced from RNA

fragments in pathological materials of

1918‒1919 pandemic victims; soon

thereafter, it was reconstructed as a fully

infectious virus and studied experi-

mentally.7 Viral descendants of the

1918 “founder” virus are still circulat-

ing today as seasonal influenza A vi-

ruses; subsequent pandemics in 1957,

1968, and 2009 all resulted from genetic
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updating of the 1918 virus via a muta-

tional mechanism called gene segment

reassortment.8 Over the period of a

century, viral descendants of this single

emergent virus have caused tens of

millions of additional deaths, adding to

the tragic losses of 1918. Fortunately, to

date, there is evidence that public health

restrictions to control COVID-19 (e.g.,

social distancing, mask wearing, busi-

ness closures) are controlling influenza

as well. As we are in the early second

year of the COVID-19 pandemic, we

cannot predict with certainty whether

the virus will persist as the 1918 influ-

enza virus did, or die out in the face of

growing population immunity associ-

ated with natural infection and new

COVID-19 vaccines.

CLINICAL AND
PATHOLOGICAL
COMPARISONS

Although caused by unrelated viruses,

the two diseases are similar in their

clinical features (Figure 2). Both are re-

spiratory viruses transmitted and ac-

quired via respiratory inoculation, and

both emerged in global populations

with little or no preexisting immunity.

Typical signs and symptoms of both

full-blown diseases include fever,

chills, fatigue, muscle aches, nasal con-

gestion or rhinorrhea, headache, and

cough, with variable sore throat,

dyspnea, and nausea, vomiting, or di-

arrhea. Both diseases feature many

mild, atypical, and asymptomatic

FIGURE 1— Both the (a) 1918 and the (b) 2020 Pandemics Featured Hastily Assembled Cemeteries, Mass Graves, and
Collections of Unburied Bodies

Note. Photo by Willy Kurniawan, courtesy of Reuters. Printed with permission.
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infections, but also complicating,

sometimes fatal, pneumonias in about

2% of those clinically ill. In the case of

COVID-19, unusual as well as late com-

plications are being noted with in-

creasing frequency, including tissue

and organ damage, neurological

complications, and inflammatory syn-

dromes. It is not clear to what extent, if

any, such complications occurred with

1918 influenza, although, curiously,

neurological complications were said to

be prominent in the 1889 influenza

pandemic.

Typical influenza pneumonia in 1918

occurred in a bronchopneumonic pat-

tern associated with secondary bacterial

pneumonias caused by pathogens car-

ried silently in the upper respiratory

tract, including Streptococcus pneumo-

niae, Streptococcus pyogenes, and

Infectious Agent

     Mechanism of emergence 

     Source of emergence 

     Cell receptor

     Viral preadaptation

Clinical & Pathological Disease

     Clinical

     Complications

     Pulmonary pathology

Epidemiology

     Preexisting immunity

     Mortality

     Morbidity

     Origin & spread

Public Health Responses

Treatment

Psychosocial Reactions

Novel respiratory virus  

Host switching

Wild waterfowl (Anseriformes)
Sialic acids on respiratory epithelia

Virus preadapted or quickly adapted to human 
spread

Upper respiratory disease, pneumonia

No viremia, no systemic disease

Secondary bacterial pneumonia, empyema

Viral pneumonia, DAD, edema

Microthrombi, variable hemorrhage in some

Aberrant immune response

Possible immunity in older persons

Case–fatality ratio about 1% in United States 

Higher mortality in infants, elderly, chronically ill

Pregnant women/fetuses

Mortality peak in adults aged 20–40 years

Morbidity peak in school-aged children

Spread by travel, from big cities, spread outward

R0 estimated to be about 1–2

Spread by droplet, aerosol, hands and fomites

Asymptomatic carriers

Super spreaders probable

Induces full or partial protective immunity

Persisted by means of viral evolution

Closures, isolation, social distancing, masks 

Bacterial vaccines

Supportive care, plasma therapy, no ICUs

No antibiotics or antivirals

Quack and untried remedies

Widespread disease fear 

recommendations

Altruism and helping others was common

Novel respiratory virus  

Host switching

Wild Rhinolophus bat 
ACE2 receptor on multiple cells, multiple 
organs

Virus preadapted or quickly adapted to human 
spread

Upper respiratory disease, pneumonia

Viremia with systemic disease, vascular 
damage
Secondary bacterial pneumonia less frequent; 
Multisystem disease
Viral pneumonia, DAD, edema

Microthrombi, variable hemorrhage in some

Aberrant immune response

less frequent

Prior immunity status not yet certain 
Case–fatality ratio estimated around 1% in United 
States 

Children and young adults: lower incidence & 
severity
No extreme mortality in pregnant 
women/fetuses? 
No mortality peak in adults aged 20–40 years
Low morbidity in children & young adults
Spread by travel, from big cities, spread outward

R0 about 1–2, but varies greatly

Spread by droplet, aerosol, hands, and fomites

Asymptomatic carriers 

Super spreaders

Induction of full or partial protective immunity not 
established

Persistence potential not yet established

Closures, isolation, social distancing, masks 

Bacterial vaccines, SARS-CoV-2 viral vaccines
Supportive care, plasma therapy, ICUs
Antibiotic, antivirals, glucocorticoids
Quack and untried remedies

Widespread disease fear 

recommendations

Altruism and helping others was common

FIGURE 2— Comparing Pandemics: 1918 Influenza and 2019 COVID-19

Note. DAD=diffuse alveolar damage; ICU = intensive care unit; SARS-CoV-2 = severe acute respiratory syndrome-2.
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Staphylococcus aureus.9,10 Initial autopsy

data from COVID-19 patients suggest a

similar histologic picture of viral pneu-

monic damage with, however, fewer

secondary bacterial pneumonias,11

perhaps in part reflecting widespread

use of broad-spectrum antibiotics not

available in 1918.

In both diseases, severe pneumonias

have been associated histologically with

diffuse alveolar damage, hyaline mem-

brane formation, pulmonary edema,

and, often, neutrophilic infiltrates11,12

(Figure 3). Autopsy studies of COVID-19

patients reveal widespread medium-

and small-vessel thromboses13;

pulmonary small-vessel thrombosis was

prominent in 1918 influenza as well14,15;

however, it has been less frequently

observed in more recent influenza au-

topsies (e.g., during the 2009 H1N1

pandemic16,17). In contrast to 1918, in

which tissue damage was mostly pul-

monary, in COVID-19, tissue damage has

been observed in tissues and organs

systemically.18

Important pathological differences

between the two infections (Figure 2)

include the following: influenza infects

primarily by binding to sialic acid re-

ceptors found on respiratory epithelial

cells, whereas SARS-CoV-2 infects

various cells of the respiratory tract,

gastrointestinal enterocytes, and arterial

and venous endothelial cells, as well as

arterial smooth-muscle cells, presum-

ably by binding to ACE2 receptors.19 As

influenza caused by human-adapted

influenza viruses is not associated with

viremia, live influenza virus has little di-

rect interaction with the systemic im-

mune system, explaining in part why

natural and vaccine-induced protective

immunity against influenza is often im-

perfect. Preliminary data from COVID-

19, however, suggest systemic infection

of multiple organs,20–22 which can po-

tentially elicit protective immunity more

durable than that of influenza, although

duration of COVID-19 protection re-

mains to be determined, and reinfec-

tions have been documented.23

EPIDEMIOLOGICAL
COMPARISONS

It is extremely difficult to know the exact

origin of any pandemic disease, because

emerging infectious agents arise via host

switching from an animal to a human,

after which successful adaptation

associated with human-to-human

transmission occurs.24–26 This process

necessarily takes time: by the time the

new disease is eventually recognized, its

occult beginnings are unlikely to be

discovered. In this regard, it is note-

worthy that over many centuries, from

the 1500s until the modern era, almost

all influenza pandemics were first rec-

ognized in Asia or Southeast Asia, and

then spread westward to Europe and, at

some point after the 16th century, from

Europe or Asia to the Western Hemi-

sphere.27 As some of the earliest evi-

dence of the existence of the 1918

pandemic came from China,28 this

same historical pattern remains

plausible, although the geographic

FIGURE 3— Representative Pulmonary Histopathology of (a) Fatal 1918
Influenza and (b) Fatal SARS-CoV-2 Infection Showing Acute Diffuse
Alveolar Damage With Pulmonary Edema and Hyaline Membranes

Source. Sauter et al.11 and Sheng et al.12

Note. SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2. The histologic patterns of
acute diffuse alveolar damage are virtually indistinguishable.
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origin of the 1918 pandemic remains

unknown, with hypotheses ranging from

China to Europe to the United States.28–30

When the 1918 pandemic was first

recognized clinically and epidemiologi-

cally in July 1918, and again in Septem-

ber‒November 1918, it was robustly

emerging almost simultaneously in large

populous cities all over the globe, in both

the Northern and Southern Hemi-

spheres. This pattern indicates that

rather than spreading from city to city

along travel routes at the time of such

explosive emergence, many regions of

the world must have been seeded by the

virus previously.2 Presumably, the rela-

tively slow global spread of infections by

ship, rail, and other means of human

travel went undetected until international

metropolitan mortality data began to

show excess respiratory mortality in-

creases. From these large cities, the

disease spread outward to smaller towns

and to rural areas, and also caused ad-

ditional rounds of global spread by ships.

Because of modern international air

travel, COVID-19 spread slightly more

rapidly than 1918 pandemic influenza;

however, the patterns of spread were

probably very similar: (1) local emer-

gences and initial spread that went un-

detected because of low case‒fatality,

followed by (2) local, national, and

eventually international movement of

infectious persons, leading to seeding of

cases in crowded metropolitan areas,

followed by (3) clusters of respiratory

disease mortality that were eventually

detected in sensitive metropolitan

mortality data, followed quickly by (4)

massive global emergence.31

SARS-CoV-2 was first detected in

Wuhan, Hubei Province, China, and

spread simultaneously outward within

China and via international air routes. It

is highly likely that SARS-CoV-2 emerged

from within a tight phylogenetic cluster

of Sarbecoviruses infecting Rhinolophus

(horseshoe) bats found mostly in

Southwest China and contiguous areas

of Cambodia, the Lao PDR, Myanmar,

and Vietnam.26,32,33 How the virus got to

the place of its initial detection, at least

850 miles away in Wuhan, remains un-

known; possible explanations include

the mobility and long-distance ranges of

various bat species, undetected cross-

infection from Rhinolophus to other bat

species, or infection and movement of

secondarily infected animal hosts or of

humans.

EMERGENCE VIA ANIMAL-
TO-HUMAN VIRAL HOST
SWITCHING

The 1918 pandemic “founder” virus was

genetically and functionally very similar,

in sequences of all eight genes, to avian

viruses that then existed, and that still

exist, in the global reservoir of wild wa-

terfowl (Anseriformes).34 It is unknown

whether an avian virus host-switched

directly into humans or first switched

into a different host, perhaps another

mammal, and from there to humans.35

However, phylogenetic analysis of the

human virus suggests that emergence

must have occurred in or shortly before

1918.2

SARS-CoV-2 is very close genetically to

numerous enzootic Sarbecoviruses of

Rhinolophus bats found in Southwest

China and contiguous areas, suggesting

one of three possibilities32,36–38: (1) an as-

yet-undiscovered enzootic Sarbecovirus

identical to SARS-CoV-2 emerged into

humans directly; (2) a different but

closely related Sarbecovirus emerged

directly into humans and spread silently

for some period of time, accumulating

new mutations as it adapted to human

transmission; or (3) humans were in-

fected via an intermediate animal host

that had originally been infected

by a Rhinolophus-transmitted

Sarbecovirus.36,37,39 Thus, 1918 influenza

and SARS-CoV-2 share the same origin

mysteries of direct versus indirect

emergence from a natural animal host,

and of extent of postemergence genetic

adaptation to humans.

Both 1918 influenza and COVID-19

are among the deadliest examples of

viral emergences from the animal‒hu-

man interface.33 How this happens and

what we can do to prevent it from

happening are among the most impor-

tant areas of research in the study of

emerging infections.33,40 The host-

switching ability of both viruses may be

an established evolutionary mechanism:

both 1918 influenza and SARS-CoV-2 are

promiscuous in their ability to infect

mammals, facilitating broad epidemicity

and epizooticity. In 1918, the human

virus was quickly transmitted to pigs,41

while housecats were sometimes in-

fected by their owners (as seen in pre-

vious influenza pandemics). A century

later, humans and pigs are still fre-

quently exchanging their influenza

viruses.42 Unexpected deaths of

chimpanzees and gorillas in 1918 were

thought to be attributable to influenza.

Horses, dogs, seals, and other animals

have also been involved in influenza vi-

rus exchanges.43 SARS-CoV-2 has in-

fected not only Rhinolophus bats, their

reservoir host, but also cats, dogs,

minks, and other animals44; closely re-

lated SARS-like viruses have infected

pangolins (Manis javanica, a species of

anteater).32 Such efficient intra- and in-

terspecies exchanges may have enhanced

evolution and survival of both viruses.

VIRAL TRANSMISSION

Both viruses are transmitted by the

respiratory route via large droplets,
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fine-particle (< 5 μm) aerosols, or by

hands or fomites contaminated with

respiratory secretions. Both viruses

spread by silent transmission—that is,

transmission by presymptomatic (incu-

bating) people, by asymptomatic in-

fected people, by people with mild or

atypical symptoms who are not recog-

nized as being potentially infectious,

and, less commonly, by people who have

recovered from illness but may still be

excreting virus.39,45 Unlike influenza,

SARS-CoV-2 infects enteric cells, but

gastrointestinal transmission has not yet

been shown to be important.

Preliminary evidence suggests

roughly equivalent effects of environ-

mental variables on spread of both

viruses (e.g., effects of airflow, temper-

ature, and humidity). This has important

implications for COVID-19 public health

control measures such as social dis-

tancing and controlling airflow in hos-

pitals, nursing homes, workplaces, and

recreational venues, such as restaurants

and bars.

Regarding seasonality, 1918 pan-

demic influenza was first detected in the

early summer of the Northern Hemi-

sphere and did not spread globally until

September‒October 1918. When it did

so, it aggressively spread not only in the

Northern Hemisphere but also in the

Southern Hemisphere’s spring season

(e.g., in South Africa46 and in New

Zealand47). Five hundred years of

observation48 suggest that influenza

pandemics can appear at any time of

year, but when they arrive in summer

they are likely to be somewhat blunted

until they reboundmore forcefully in the

fall; when pandemics arrive at other

times of year, summers seem to tem-

porarily slow viral spread.48 This pattern

was seen in both the 1957 and 2009

influenza pandemics; in the United

States, both pandemics arrived in the

spring, slowed down in the summer, and

then picked up in the fall. The presumed

reasons for this pattern include physical

effects of temperature and humidity on

viral spread and more summer hours

spent outdoors where airflow is optimal

and crowding usually less extreme. To

date, seasonal effects on COVID-19

spread have not been fully documented

because few regions have been in the

throes of COVID-19 for much more than

a full calendar year. Moreover, the ef-

fects of season and of often-intermittent

and incomplete public health control

efforts are hard to disentangle.

PATTERNS OF MORBIDITY
AND MORTALITY

In all circumstances studied over the

past 130 years, except in 1918–1920,

patterns of age-specific morbidity,

mortality, and case‒fatality for pandemic

influenza have been similar. Because

influenza pandemics emerge when all or

most of the global population lacks im-

munity to the new pandemic virus,

moderately high attack rates within the

first year, usually between 30% and 60%

of the population, are common. Age-

specific morbidity patterns have been

highly similar for known influenza pan-

demics, featuring peak morbidity rates

in school-aged children and young

adults, slightly lower rates in both very

young children and in adults aged 30 to

55 years, and much lower rates at older

ages (Figure 4). This pattern presumably

reflects exposure risks related to school,

work, and other congregating activities,

as well as the possibility of prior expo-

sure to related influenza viruses within

the older age group.

Overall influenza mortality varies sig-

nificantly, with some pandemic viruses

being highly pathogenic (approximate

1% case‒fatality in the United States in

the 1918 pandemic vs less than 0.05%

case‒fatality in the 2009 pandemic). The

elderly; people with serious respiratory,

cardiac, metabolic, and other diseases;

and pregnant women are always at el-

evated mortality risk from influenza.

With the exception of 1918–1920,

pandemic and seasonal influenza ex-

hibit a characteristic mortality pattern.

Age-specific influenza mortality is clas-

sically U-shaped, with elevated mortality

in infants and young toddlers and the

elderly, but with very low mortality at all

ages in between. A different pattern was

seen in 1918–1920: a W-shaped pattern

(Figure 4) featured a third mortality peak in

those aged 20 to 40 years. This pattern,

never seen before or since, disappeared

entirely in the early 1920s.50,51 It remains

unexplained, and, while likely not a signa-

ture of the 1918 virus, it may be related to

preexisting age cohort‒specific, cross-

protective immunity.

In the early stages of the COVID-19

pandemic, morbidity and mortality pat-

terns are still not fully established, in part

because of the relatively high percent-

age of asymptomatic infections coupled

with underdiagnosis of cases. Overall

case‒ and infection‒fatality ratios, which

are population structure‒dependent,

have been estimated from as high as 3%

to well below 1%.52 Speculative theories

to explain low morbidity and mortality in

the young include (1) protection affor-

ded by prior and recent exposure to

circulating endemic coronaviruses, two

of which—HCoV-HKU1 and HCoV-

OC43—are β-coronaviruses, albeit not

closely related to SARS-CoV-2; (2) in-

creased exposures to other infectious

agents that stimulate generic innate

immune responses; or (3) immune en-

hancement mechanisms.39

In contrast to influenza, which causes

high mortality and high fetal loss, sig-

nificant COVID-19 mortality in pregnant
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women and their fetuses is only now

beginning to become better appreci-

ated, although the extent of maternal

and fetal risks remains to be fully

established.53–56 In 1918, as in 2020,57

mortality was higher in the poor,

in African Americans and Native Ameri-

cans, in health care workers, and in

workers in crowded occupations.50,58–60

These patterns, observed for most

infectious diseases, reflect societal in-

equalities and inadequate occupational

safety measures.

As descendants of the 1918 influenza

virus persist to this day,8 a question
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FIGURE 4— Age-Specific Morbidity and Mortality of Influenza in 1918–1919 and, for Comparison, in 1928–1929, as
Determined by US “P and I” Data by (a) Incidence per 100 Persons Ill With Pneumonia and Influenza per Age Group;
(b) Mortality per 1000 Persons per Age Group; and (c) Case‒Fatality

Source. Morens and Taubenberger.49

Note. P and I = pneumonia and influenza. Parts b and c compare the W-shaped curves of age-specific mortality and case‒fatality seen in 1918–1919 with
more typical U-shaped curves from 1928 to 1929. Between 1889 and the present time, U-shaped curves have been seen in all pandemics and seasonal
epidemics except for 1918 and the several years thereafter. Morbidity andmortality data reflecting diagnoses of pneumonia and influenza (so-called “P and I”)
are still widely used today for epidemiological purposes (e.g., for estimating total influenza deaths during periods of influenza prevalence) because
incompletemorbidity reporting and imperfect death certificate accuracy greatly underestimate infections and deaths from influenza and its secondary bacterial
complications. National or large-population data permitting similar calculations for COVID-19 are not yet available, although preliminary data suggest that
age-specific mortality is very low in infants and children, rising regularly with age thereafter.
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arises about whether SARS-CoV-2 will do

the same. Furthermore, a possibility to

be considered is whether, similar to in-

fluenza, it will elicit a weakly protective

immune response and then circum-

vent that response with further viral

evolution by antigenic drift or other

mechanisms such as viral genetic

recombination. The recent (in late 2020)

emergences of SARS-CoV-2 genetic

variants, some apparently associated

with increased transmissibility and im-

mune escape,61 may be an early answer

to this question, auguring future

COVID-19 reemergences caused by

antigenically drifting strains, in a manner

analogous to the genetic drift of influ-

enza A viruses. Descendants of the 1918

virus still circulate; we can only speculate

whether SARS-CoV-2 or its descendants

will still be circulating in 2120. (Contin-

ued in Part II.62)
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