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Abstract

In the early stages of the coronavirus disease 2019 (COVID-19) pandemic, there were shortages
of personal protective equipment (PPE) and health-care personnel across severely affected
regions. Along with a lack of testing, these shortages delayed surveillance, and possible contain-
ment of the virus. The pandemic also took unprecedented tolls on the mental health of many
health-care workers who treated and witnessed the deaths of critically ill patients. To address
these effects and prepare for a potential second wave, a literature review was performed on the
response of health-care systems during the influenza pandemics of 1918, 1957, 2009, and the
epidemics of Ebola, severe acute respiratory syndrome (SARS), and Middle East respiratory
syndrome (MERS).We can use lessons identified to develop a competent and effective response
to the current and future pandemics. The public must continue to engage in proper health mit-
igation strategies, including use of face coverings, physical distancing, and hand washing. The
impact the pandemic has had on the mental health of frontline health-care workers cannot be
disregarded as it is essential in ensuring effective patient care and mitigating psychological
comorbidities. The lessons identified from past public health crises can help contain and limit
morbidity and mortality with the ongoing COVID-19 pandemic.

On December 31, 2019, a novel coronavirus, severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), was reported to the World Health Organization (WHO). More than one year
later, according to Johns Hopkins COVID-19 Resource Center, as of May 2021, the United
States is leading the world in the number of cases and deaths.1 The emergence of the novel
SARS-CoV-2 virus and the subsequent coronavirus disease 2019 (COVID-19) pandemic puts
a spotlight on the management of previous public health emergencies.

Over the past 110 y, society has experienced the influenza pandemics of 1918, 1957, 2009, and
the epidemics of Ebola, severe acute respiratory syndrome (SARS), and Middle East respiratory
syndrome (MERS). In this literature review, observations of the impact and response to
COVID-19 in the United States are compared with past public health emergencies. Each crisis
was investigated in the areas of personal protective equipment (PPE), health-care personnel
shortage, and mental health of health-care workers and the public. A better understanding
of previous crises can help optimize the response of the health-care system to potential
COVID-19 subsequent waves and future public health emergencies.

Methods

For this literature review, Google Scholar and PubMed were used to search for primary research
and review articles based on the following search terms: “COVID-19,” “SARS,” “MERS”, “epi-
demic,” “1918 pandemic,” “1957 Influenza,” “2009 H1N1 Influenza,” “Ebola,” “Personal
Protective Equipment,” “Mask usage,” “Healthcare Worker Shortage,” “Medical Students,”
“Mental Health.” Other resources, such as the WHO, Johns Hopkins Coronavirus Resource
Center, the Centers for Disease Control and Prevention (CDC), and cataloged newspapers were
used to find accurate information on these public health emergencies. Inclusion criteria included
articles dating back to 1918 that reviewed and discussed the key terms previously listed.
Exclusion criteria included articles published in languages other than English and did not dis-
cuss the key terms as listed; however, there was no exclusion for method of publication.

PPE

PPE, such as gowns, gloves, N95 respirators, surgical masks, and face shields, are designed to
protect the wearer from exposure to a pathogen and to reduce spread of infection. These forms
of protection date back to the 17th century when physicians used waxed leather head gear,
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gloves, suits, and boots, along with glass goggles, fisherman under
garbs, and masks filled with dried herbs.2

There were many barriers to containing infection during past
public health emergencies. The 3 that were studied include ineffec-
tive PPE, shortages of PPE, and a lack of compliance by the general
public.

Effectiveness of PPE
In 1918, as the influenza virus spread throughout the United States,
researchers tested the efficacy of face masks made of buttercloth, to
contain the virus in a novel way. Buttercloth is a breathable soft,
cotton fabric that is woven in a tighter manner than gauze.
Three layers of buttercloth were discovered to be sufficient to pre-
vent respiratory organisms from spreading to a nearby agar plate,
even if a patient was actively coughing. One of the first hospitals to
implement use of these buttercloth masks was The Hospital of the
Rockefeller Institute.3

In 2003, the SARS epidemic specifically highlighted the use of
PPE in limitingmortality and protecting frontline workers so that a
surge capacity could be maintained.4 In 1 case control study per-
formed in hospitals in Hong Kong, it was discovered that the use of
surgical masks and N95s by health-care personnel was the most
effective method to prevent the spread of SARS.5

The effectiveness of PPE for health-care personnel was also
demonstrated during the MERS epidemic. A study done between
2013 and 2015 in a tertiary care institution in Saudi Arabia found
that basic infection controlmeasures taken by its health-care work-
ers, including use of indicated PPE, were effective in reducing
MERS transmission.6 Of the total 180 health-care workers tested,
there were no positive results, whereas the general public had 16 of
694 individuals test positive.6 There is overlap between MERS and
COVID-19 as they are both caused by coronaviruses with similar
modes of transmission. In the COVID-19 pandemic, it was esti-
mated that solely wearing a cloth mask decreases the reproduction
number by approximately 8.6%, and this benefit may be even
greater for essential workers and vulnerable populations.7

Inadequate PPE during the 2014 Ebola epidemic left health-
care workers extremely vulnerable. In West Africa, the mortality
rate for health-care personnel was significantly higher than that
of the general population. In Liberia, there was a mortality rate
of approximately 8% among health-care personnel, compared with
0.11% within the general population.8 Such a high rate among
health-care workers has been primarily attributed to ineffective
PPE. During the epidemic, a study assessed standard PPE barrier
efficacy (ie, gloves, gowns, goggles) by introducing participants to a
nonpathogenic virus. It revealed that more than 70% of the time,
there was evidence of contamination on undergarments and skin
beneath the PPE, even after proper procedural removal of the PPE.
This underscores the need for proper PPE to protect those at the
frontlines from exposure and prevention of disease spread.9

Shortages of PPE

As H1N1 spread in 2009, the CDC attempted to mitigate PPE
shortage by releasing 25% of the supplies (39 million pieces of
PPE) in the Strategic National Stockpile.10 Despite the emphasis
on PPE during previous public health emergencies, there was still
a PPE shortage at the beginning of the COVID-19 pandemic.11 To
mitigate the shortage, many health-care personnel were forced to
reuse some PPE, such as N95 respirators. A study done in New
York City in April 2020 concluded that 92% of respondents
who worked with COVID-19 patients reported mask reuse or

extended use.11 The previous standard for these types of PPE
was limited to 1-time use, since re-using these diminishes efficacy.
The N95 respirator needs to form a complete seal over the mouth
and nose to prohibit virus penetration, and structural damage can
compromise its effectiveness.12

Use of Masks Among the General Public

As shown by these previous health crises, PPE use has been a well-
established method to limit disease spread among health-care
workers since the 17th century.2 Its use among the public, however,
is also crucial in curbing the spread of the disease.

To limit the spread of the 1918 influenza pandemic, the
American Red Cross released detailed instructions on making face
masks at home. It included recommendations for 6 layers of gauze
or thin cheese cloth, hemmed and tapered edges, and daily steri-
lization.13 Mask factories began to open up including 1 in
Cleveland, Ohio, making up to 1000 masks a day. Many women
worked in these mask factories, while schoolteachers and students
helped with production during their vacations.13 Newspapers in
Minnesota published a guide on how to wear masks, reminding
citizens to cover their nose andmouth.14Masks were urged by pub-
lic officials among many states including Colorado, California, and
Indiana. It began as a plea by means of public newspapers to wear
masks and progressed to police enforcing masks with a fine of $50
in some places, such as Los Angeles, CA.15–17 Similarly, mask use
by the public proved beneficial in reducing disease spread during
the SARS epidemic. A study done in Beijing, China, demonstrated
the benefit of wearing masks in preventing transmission of the
virus. People who wore masks in public had a 70% lower risk of
being diagnosed with SARS compared with those who did not.18

Despite the notably decreased viral transmission rates associ-
ated with proper mask use across previous pandemics and epidem-
ics, government guidelines during the 1957 pandemic did not
emphasize the importance of wearing masks. Rather, a vastly dif-
ferent approach was taken to prevent disease spread. Effort went
into supplying a vaccine, while schools stayed open, travel
remained unrestricted, and the population remained un-masked.19

During the COVID-19 pandemic, PPE garnered attention when
public health officials emphasized the use of masks and face cover-
ings by the public to contain the virus. Due to shortages of masks,
however, the CDC specifically recommended the use of cloth and
other forms of face coverings to avoid depleting surgical masks and
N95 respirators for health-care personnel.20 From April to May
2020, 15 states plus Washington DC signed a mask mandate
and there was a decline in the daily case growth rate. COVID-
19 infections dropped by 0.9% in the first 5 d after the mask man-
date, 1.4% in days 6-10, 1.7% in days 11-15, and 2.0% in days 16-20
in the states that enforced the mask mandate.21 However, some
states did not implement mask wearing early in the pandemic.
In a study done across 200 countries, the 24 countries which imple-
mented a mask mandate within 20 d of the onset of their respective
outbreaks had an average COVID-19 related mortality rate of 4.7
per million by August 9. In countries which implemented a mask
mandate within 30 d, there was an average COVID-19 relatedmor-
tality rate of 26.6 per million, compared with the United States,
where there was no national mandate early in the pandemic, result-
ing in a mortality rate of 502 per million.22

By reviewing the events that occurred during past public health
emergencies, lessons can be learned to better protect our health-
care personnel and the public and mitigate the spread of disease
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through the use of sufficient, effective, and compliance with usage
of PPE.

Health-Care Personnel Shortage

Health-care personnel shortage became a significant issue in the
United States during the first quarter of 2020. Emergency depart-
ments saw a high volume of critically ill patients and the demand
for intensive care units (ICUs) rose due to the need for mechanical
ventilation for the most critically ill.23 As hospitals became over-
whelmed, so did the capacity of the staff, resulting in a need for
outside help.

The effort to replace existing staff or to provide surge staff for
hospitals during past public health crises was not always made,
which created a significant barrier to delivering high quality care.
During the pandemic of 1957 in the United Kingdom, if nurses and
doctors contracted influenza, the wards they served were closed.
While this may have lessened the spread of the virus from provider
to patient, it also limited patient access to appropriate health care.24

Using Medical Students

The 1918 pandemic began after the United States became involved
in World War I. Nine thousand nurses were sent overseas, and
thousands were deployed to military bases.25 As a result, there
was a widespread health-care personnel shortage, making the fight
against the 1918 influenza more difficult. The need for health-care
personnel led to the use of medical students. In a firsthand account,
Dr. Isaac Starr, who was beginning his third year at University of
Pennsylvania School of Medicine, recalled how third- and fourth-
year medical students were called into action in September of 1918,
after only receiving 1 lecture on influenza.26 Students assembled
beds from storage and prepared makeshift hospitals. Fourth-year
students became the interns, while third-year students acted as
nurses. With only 2 trained nurses on each shift, retired physicians,
priests, clergymen, and nuns assisted.27

Like the 1918 influenza, the health-care personnel shortage dur-
ing the COVID-19 pandemic led to the recruitment of medical stu-
dents. In short-staffed areas, local medical schools instituted their
own policies to increase personnel on the frontlines. For example,
fourth-year medical students from New York University, Oregon
Health and Sciences University, University of Massachusetts, Tufts
University, Boston University, and New York Medical College
graduated early to help with hospital staffing.28–32

Despite historical recruitment of medical students as health-
care personnel during shortages, there is much disagreement
regarding the clinical roles of medical students and the extent of
their participation across varying institutions in routine medical
care.33 In an effort to advocate for students, the American
Association of Medical Colleges established interim recommenda-
tions in March 2020 that stated “medical students are students, not
employees” and “unless there is a critical health-care workforce
(HCW) need locally, we strongly suggest that medical students
not be involved in any direct patient care activities”.34 As seen from
past pandemics and epidemics, however, using the aid of medical
students can significantly ameliorate the heavy burden on health-
care personnel.

Expanding the Scope of Practice

While the 1918 pandemic mitigated health-care personnel short-
age by expanding the role of medical students, the 2009 pandemic
extended the scope of practice of active health-care personnel.35 In

November 2009, the Maryland governor issued an order allowing
emergency medical technicians (EMT)-Paramedics and Cardiac
Rescue Technicians to vaccinate patients.35

During the COVID-19 pandemic, response to the health-care
personnel shortage was seen at both the federal and local institu-
tional levels. Early in the pandemic, the US Department of Health
and Human Services eased restrictions to allow licensed health-
care providers to practice in another state in which they did not
have a license.36 This early action facilitated an influx of physicians,
nurses, and other health-care personnel to New York and New
Jersey to assist within various departments in hospitals.37 In addi-
tion, during the COVID-19 pandemic, New York State allowed
EMTs, licensed practical nurses, pharmacists, podiatrists, mid-
wives, dentists, and dental hygienists to administer vaccinations
against COVID-19.38 These changes in regulations call attention
to ways that health-care workers expanded scope of practice can
be used to supplement the shortage in specific care areas in future
pandemics.

To further accommodate for the overflow of patients in hospi-
tals and the shortage of health-care staff, the federal government
deployed the hospital ship, United States Naval Ship (USNS)
Comfort, and converted the Javits Center, a large convention
center in New York City, into a makeshift hospital with military
health-care personnel.39 In mid-July 2020, several states including
Arizona, Texas, California, and Florida experienced persistent
surges in cases and hospitals were overwhelmed and understaffed
at many health-care facilities.40 As the cases in New York leveled
off, some hospitals in New York sent health-care personnel to
severely affected states such as Utah in August 2020.41

Throughout the pandemic, themilitary also sent resources tomany
states that needed support and resources.42

Previous public health emergencies caused shortages in health-
care personnel that were similar to those seen during the COVID-
19 pandemic. In planning for future public health emergencies,
health-care systems may consider mirroring the mitigation strat-
egies seen throughout history by using medical students, easing
state licenses, expanding the scope of already practicing health-
care personnel, using military assets, and shifting health-care pro-
viders from 1 region to another.

Mental Health

The COVID-19 pandemic has underscored another facet of the
health-care system: mental health. According to the CDC, as of
June 2020, 40.9% of US adults were suffering from at least 1 adverse
mental or behavioral health condition as result of the pandemic.43

Some of the most vulnerable groups in the population included
women, elderly, individuals with premorbid psychopathology,
and those with poor social support and/or low socioeconomic sta-
tus.44 Another study showed that an individual’s mental health can
alter health outcomes, when they are exposed to infections. It was
found that patients with a higher positive attitude score had signifi-
cantly lower infectious inoculations when exposed to influenza
virus intranasally.45 The discussion of mental health in relation
to public health emergencies is not only a pertinent matter but
may also open other avenues in which the health-care system
can improve its response to the current pandemic.

General Public

The daily lives of the general population were severely altered by
the pandemic of COVID-19. The rates of depression, suicide,
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anxiety, and other psychological comorbidities significantly
increased during this period.43 During the COVID-19 outbreak,
many people were forced to work from home, while millions lost
their jobs and continue to be laid off. During the pandemic, the US
unemployment reached a peak rate of 14.8% in April 2020, gradu-
ally decreasing to 6.7% by December 2020. With schools closed,
families had to simultaneously provide childcare while working.46

In the last 2 wk of March 2020, there was a 60% increase in calls to
the New York City branch of the National Alliance on Mental
Illness, a nonprofit organization that provides support to those
affected by mental illness. Other hotlines, including the Federal
Disaster Distress Helpline saw unprecedented surges in calls, far
exceeding any recent natural disasters.47

The profound impact of public health emergencies on the men-
tal health of the public was noted during the 1918 and 1957 influ-
enza pandemics. According to a Norwegian mental health
researcher, Norwegian survivors of the 1918 influenza pandemic
reported depression, distractibility, and difficulty coping at work.48

As localized outbreaks of the 1957 pandemic occurred in the
United Kingdom, fear was so widespread throughout the popula-
tion that the Minister of Health was asked to make a statement in
an effort to allay fears. He declined twice, as he believed the pan-
demic was not actually spreading in the United Kingdom.24 This
highlights a disconnect between the emotions and mental health
of the population and the perception of infectivity and the impact
that has by governing bodies.

Similarly, the MERS epidemic in 2015 sparked fear and anxiety
inmany people due to the uncertainty of treatment options and the
absence of a vaccine. In a study of Korean citizens, it was found that
the epidemic led to fears of daily activities, such as using public
transportation and running errands. Of the 1000 Koreans surveyed
who had participated in a 2-wk isolation, 80.2% reported fear of
being infected and 46% reported emotional distress.49 These data
show that isolation during an epidemic can have significant effects
on emotional well-being.

Health-care systems have attempted to improve mental health
in their own population by creating system wide changes to
increase resources available to their own communities. During
the 2009 pandemic, the National Biodefense Science Board
(NBSB) identified major factors impacting the public’s mental
health. They found that the population was most concerned about
limited availability of vaccines and health care, conflicting news
reports, increased US unemployment, and access to childcare. It
also identified vulnerable populations including children, the
elderly, the poor, and people with prior/current mental health
and addictive disorders. To address these concerns across a wide
population, the NBSB recommended the incorporation of mental
health staff at clinics and vaccination centers to educate patients
and to identify those experiencing significant distress.50

Health-Care Personnel

During the COVID-19 pandemic, first responders and health-care
personnel have faced the physical, mental, and emotional toll of
treating a large number of critically ill persons, many of whom died
in a short period of time. They witnessed the use of refrigerated
trucks to store the bodies of those who had perished.51 At a time
when the COVID-19 virus was not fully understood, health-care
personnel were at the frontlines, without sufficient PPE.
Individuals sacrificed going home to their families and slept in cars,
garages, and hotels for weeks to months to protect their loved ones.
The mental health impact of COVID-19 was seen in New York

City in August 2020, with the suicides of 1 emergency physician,
2 paramedics, and 1 EMT.52,53

The adverse effects on mental health are not novel to the
COVID-19 pandemic. High levels of comorbidities including post-
traumatic stress disorder (PTSD), anxiety, and burnout were seen
in those involved in direct patient care both during and after the
SARS epidemic in 2003.54,55 There was a 28% increase in mental
health comorbidities among physicians who provided care to
patients with SARS compared with those who did not.56 During
the 2014 Ebola epidemic, 1 in 4 health-care professionals involved
in direct patient care experienced adverse mental health outcomes,
including obsessive compulsions, depression, paranoid ideation,
and interpersonal sensitivity.54

In addition to the hierarchical changes to improve mental
health in the general population, similar changes are occurring
to help health-care personnel. In memory of the emergency physi-
cian, Dr. Lorna Breen, lost to suicide in April 2020, the Dr. Lorna
Breen Health Care Provider Protection Act (Bill S.4349) was intro-
duced to the US Senate on July 29, 2020, with the goal of establish-
ing training programs to encourage health-care personnel to seek
help and support and to increase awareness of physician mental
health and burnout.53,57

As of May 2020, the American Medical Association (AMA)
released a set of 17 steps for an organization to take before, during,
and after a crisis to reduce the psychosocial trauma of a crisis.58 The
AMA recommends a systemic approach rather than an individual
approach to mental health, emphasizing movement toward a focus
on mental health on a larger, systemic scale. In accordance with
such principles, health-care institutions across the United States
began to increasingly focus on themental health of health-care per-
sonnel. For example, in New York City, the Mount Sinai Health
System organized a crisis support task force in March 2020 called
the Center for Stress, Resilience, and Personal Growth, with the
goal of promoting mental well-being of its staff.58 The task force
focused on enhancing communication and developing strong
psychosocial and mental health support systems. It offered services
such as virtual psychologist-facilitated support groups; system-
wide peer support hotline; psychiatry services; free apps for medi-
tation, yoga, music therapy; and social networking groups.58

Similarly, Cody Regional Health of Wyoming established a desig-
nated “wellness area” featuring a meditation room, exercise room,
and licensed therapists to support its health-care workers.59 In
hopes of combatting the rising suicide rates, Atrium Health of
North Carolina joined other hospitals, such as Cleveland Clinic,
in establishing a Code Lavender program to provide rapid
responses to emergent mental health needs. Code Lavender started
to incorporate multiple therapeutic methods including music
therapy, acupressure, and Reiki, as well as a wide range of staff from
board certified chaplains to community volunteers.59

Evidence of mental health effects from past public health emer-
gencies emphasizes the need to prevent, prepare, and address the
impact of a crisis like COVID-19 at an institutional and individual
level. While assuring individual access to mental health resources,
an institutional approach is important, as traumatized health-care
personnel may not recognize a decline in their mental health or
know how to reach out for help. Creating a systemic culture of pri-
oritizing mental health in the workplace brings awareness to these
issues. Additionally, the feeling that 1 is valued by their supervisor
has been found to reduce employee anxiety.60 This underscores the
significant role that the health-care system plays in the mental
health of health-care personnel. Systemic approaches toward men-
tal health can provide data on how many workers are using
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provided resources and highlight the impact of the current pan-
demic on mental health with real time data. With an increased
awareness of mental health in today’s society, there is the oppor-
tunity to be proactive and acknowledge the psychological impacts
of the pandemic to help lessen the mental health burden.

Limitations

There were certain limitations that were faced during the research
process. While performing research during the ongoing pandemic,
there were initially limited publications on COVID-19. This occa-
sionally led to the use of reliable news sources as an alternative. In
addition, limited peer reviewed primary literature was available for
early influenza health crises. Because of this, other sources, such as
archived local newspapers from various cities were used to gather
information on the influenza of 1918. Finally, not every public
health emergency identified in the abstract had valuable published
information for each parameter covered in this study. For example,
there was limited information on health-care worker shortage for
the pandemic of 1957, and the Ebola, SARS, MERS epidemic, likely
because they were not widespread enough to cause a significant
worker shortage. These limitations should not be ignored and
may be improved in future research on this topic, due to the con-
stantly increasing database on COVID-19 related publications.

Conclusion

There are several lessons that can be identified from past public
health emergencies to decrease morbidity and mortality in the
future. In this review, the influenza pandemics of 1918, 1957,
and 2009 were analyzed along with the epidemics of Ebola,
SARS, and MERS, specifically within the realms of shortages of
PPE and health-care personnel, and the impact of mental health
on health-care personnel and the public.

The influenza pandemics of 1918, 2009 H1N1, and SARS/
MERS, Ebola epidemics have highlighted the need for sufficient
and effective PPE. Shortage of effective PPE was a problem in
the initial wave of COVID-19. To prevent this issue in future public
health crises, proactive measures must be taken. This includes cre-
ating and maintaining national PPE stockpiles, recruiting private
manufacturers to increase production during a crisis, and ensuring
a clear plan for distribution.

Health-care worker shortages were previously seen in the influ-
enza of 1918 and in the early phase of the COVID-19 pandemic. To
address this issue, there needs to be an increase in the amount of
health-care workers by bringing in military personnel and by tem-
porarily relocating health-care workers to areas of greatest need.
Furthermore, the scope of practice of current health-care workers
must be broadened. This includes training medical students and
other medical professionals to safely practice outside of their usual
competencies.

Finally, past public health crises and the current COVID-19
pandemic have taken a toll on themental health of both the general
population and health-care personnel. In future public health
emergencies, the effort to prioritize mental health and well-being
should be proactive and not reactive. By encouraging system wide
changes by means of the NBSB, AMA, and specific health-care sys-
tems, further declines in mental health of health-care workers can
be prevented by increasing availability and accessibility to mental
health resources. The lessons from past public health crises are cru-
cial to optimizing the response to future obstacles that may arise
during the COVID-19 pandemic. The outcomes outlined from

these historical pandemics and epidemics can be used to better
protect health-care workers and the public.
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