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a  b  s  t  r  a  c  t

In a  short  time,  humanity  has  experienced  two  pandemics:  the  influenza  A  virus  pandemic  (pH1N1)  in
2009  and the  coronavirus  disease  2019  (COVID-19)  pandemic  in  2020.  Therefore,  it  is likely  that  the
general  population  will erroneously  seek  to compare  the  two  pandemics  and  adopt  similar  attitudes
in  facing  them.  However,  the two  pandemics  have  their  intrinsic  characteristics  that  distinguish  them
considerably;  for example,  the  virulence  of  the infectious  agents  and the  availability  of  treatment  and
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vaccine.  Consequently,  given  this  knowledge  gap  between  the  pH1N1  and  COVID-19  pandemics,  we
conducted  this  review  to clarify and  summarize,  above  all,  the  epidemiological  historical  aspects  of these
two  viruses  of  great  importance  to  global  public  health.

©  2020  The  Authors.  Published  by  Elsevier  Ltd on  behalf  of King  Saud  Bin  Abdulaziz  University  for
Health  Sciences.  This  is an  open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.
Global epidemics org/licenses/by-nc-nd/4.0/).
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Introduction

At the beginning of the 21st century, human public health has
been marked by the emergence of new viruses and pandemics
[1]. Approximately a decade ago, the World Health Organization
(WHO) declared the first of two global epidemics: on June 11, 2009,
an influenza A H1N1 pandemic (pH1N1) was declared; the sec-

authorities, such as the emergence of nonrespiratory virus epi-
demics, including Zika, Chikungunya and Ebola [4–6]. Therefore,
because of this evidence, it is clear that viruses will continue to play
an increasing role in the field of infectious diseases throughout this
century.

Acute viral respiratory diseases are extremely common among
ond and current pandemic of coronavirus disease 2019 (COVID-19)
was declared on March 11, 2020 [2,3]. Besides, other major devel-
opments have raised extreme concern for human public health
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utpatients. Consequently, infections of the respiratory system,
uch as influenza-like diseases, colds, bronchitis and pneumonia,
re the main causes of morbidity and mortality worldwide [7].
nfluenza viruses, which often cause epidemics and pandemics, are

lso included in this scenario [8,9]. Thus, it is not surprising that the
rst pandemic of the 21st century (pH1N1) had, as its etiological
gent, a new strain of the influenza A virus (A/H1N1pdm09), which
nitially began circulating in North America [10–13]. This virus rep-
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Fig. 1. Structure and genome organization of human influenza A and SARS-CoV-2. (A) Virion structure of influenza A particles. The organization of influenza A particle is
shown  schematically to indicate the protein locations and genome viral organization, along with additional information. The virus uses sialic acid cell receptors to adhere to
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target  cells. The highest impact of this virus was in 1918, when the flu pandemic, som
(B)  Virion structure of SARS-CoV-2. The relative size and organization of the SARS-Co
by  SARS-CoV-2, the novel coronavirus responsible for the COVID-19 pandemic [23,2

resented a new strain that originated through the regrouping of
genes from human, avian and swine type influenza A viruses. Soon
after the completion of molecular studies, the term ’swine flu’ was
coined for pH1N1 because the viral strain was probably transmit-
ted from pigs to humans, although pigs were not involved in the
worldwide spread of the virus during the pandemic [14–16].

Unexpectedly, the year 2020 has been deeply affected by the
COVID-19 pandemic, which emerged from the city of Wuhan,
China, in late December 2019 [17,18]. The current COVID-19 pan-
demic is caused by a novel coronavirus (SARS-CoV-2) that usually
causes severe acute respiratory syndrome (SARS), which is why  it
is part of the SARS taxonomy [19,20]. Surprisingly, there have been
warnings that coronaviruses are potential causes of a pandemic,
as had been previously demonstrated by the occurrence of the
SARS-CoV epidemic in 2002–2003, and the Middle East Respiratory
Syndrome (MERS) epidemic arising in 2012 [21,22].

In summary, the two pandemics of the 21st century originated
from different viruses, but they have some points in common, such
as the fact that they were both caused by enveloped RNA viruses,
usually of spherical morphology (see Fig. 1) [23,24]. Other points
that call attention are related to the frequent mutations and diver-
sity of the hosts that can be infected [19,25,26]. Thus, due to the
importance of epidemiological knowledge of the two  recent pan-
demics, this study was carried out to review and synthesize the
epidemiological aspects while showing the particularities that dif-
ferentiate between the pH1N1 and COVID-19 pandemics regarding
clinical findings, laboratory diagnosis, and prevention/treatment.

Epidemiologic description of the pH1N1 and COVID-19
pandemics
The pH1N1 began at the end of March 2009 and continued until
August 2010. The first cases were recorded in Mexico, with subse-
quent spread to the USA and then the whole world. Thus, after three
months, the number of confirmed cases by the WHO  was  94,512 in
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es referred to as the “Spanish flu,” killed an estimated 50 million people worldwide.
nome are shown. ACE-2 is the host cell receptor responsible for mediating infection

10 countries, with at least 429 deaths registered [27]. Later, with
ine months of influenza A (H1N1) virus circulation, the number of
etected cases increased significantly, as can be seen in Fig. 2A [28].
t the end of pH1N1, 18,500 deaths were confirmed by WHO  [29].
owever, the study by Dawood and colleagues suggests that these
umbers were underestimated and suggested the total number of
eaths was actually between 151,700 and 575,400 [30]. Currently,
he influenza A(H1N1)pdm09 virus has continued to circulating in
uman seasonally since the end of flu pandemic [31,32].

During the pH1N1, it was  observed that the most affected age
roup comprised of children and young adults. Dawood and col-
eagues found that out of hundreds of confirmed cases of influenza,

 total of 40% of patients were aged 10–18 years, while only 5% of
ases were adults over 51 years of age [33]. One explanation for this
ge distribution suggests partial immunity to the virus in the older
opulation [34].

The comorbidity was  a risk factor for swine flu. Although some
tudies only show that about half of deaths from the disease have
ther cofactors, it is important to note that the incidence of comor-
idity increases with age, but the incidence of influenza tended to
e higher in young groups. The most common comorbidities iden-
ified in patients who died of A H1N1 influenza were hypertension
23%), diabetes (5.7%), obesity (4.2%), neurological diseases (4%),
enal failure (3.8%), and pneumopathy (3.7%) [35,36].

An epidemiological study in the USA, it was observed that the
wine flu hospitalization rate decreases according to age of patients
ncreases. Thus, the hospitalization rate per 100,000 population

as 117, 84, 70, and 90 for peoples with aged 0–17 years, 18–64
ears, over 65 years, and all ages, respectively [37].

The current COVID-19 pandemic began in the middle of
ecember 2019 after several cases of pneumonia of unknown eti-

logy had been reported in Wuhan, China. It is possible that the
utbreak started in early December or November, with the num-
er of cases increasing rapidly in the coming months, eventually
preading to more than 203 countries and territories (Fig. 2B). As

8
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Fig. 2. Geographic distribution of the H1N1 (A) and COVID-19 (B) pandemics. Dat
World  Health Organization (https://www.who.int/csr/don/2009 07 06/en/, https:/
and  Control. COVID-19 (https://www.ecdc.europa.eu/en/geographical-distribution-

of October 18, 2020, a total of 39,774,852 cases of COVID-19 were
confirmed worldwide, with 1,110,902 deaths [17,18,38].

The causative agent of the outbreak was quickly identified,
and its genomic sequence was made available on January 12,
2020. Because the genomic sequence was closely related to the
2003 SARS-CoV, the novel CoV was identified as SARS-CoV-2
[19]. Besides, studies have found that this virus probably origi-
nated from bats but may  have been amplified in an intermediate
host before transmission to humans [39]. Thus, pangolins have

been proposed as a potential intermediate host; however, the
zoonosis of pangolins-SARS-CoV-2 needs to be clarified [40]. In
addition, although much has been learned about COVID-19 in the
nine months since this outbreak began, but there remain signifi-
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179
 collected about nine months from the initial cases [27,28,38]. Data are from the
.who.int/influenza/resources/charts/en/), European Centre for Disease Prevention
ncov-cases), and were collected through October 18, 2020.

ant knowledge gaps in understanding COVID-19 at current stage
41].

The age group most affected by COVID-19 has been adults over
0 years old (∼73%), while only 10% of cases are under 30 years old.
hus, COVID-19 hospitalization rate increases according to age of
he patients. This positive association shows that individuals over
he age of 85 years have the highest rate of hospitalization (833 pos-
tive cases in each group of 100,000). Soon after, the hospitalization
ates are 460/100,000, 116/100,000, and 17/100,000 for patients

ver the age of 65 years, 18–49 years, and 0–4 years, respectively.
he overall cumulative hospitalization rate was 170 per 100,000
opulation in the USA [42–44].
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Fig. 3. Transmission and spectrum of human influenza A and SARS-CoV-2 viruses. (A) Route of human-to-human transmission of influenza and SARS-CoV-2 viruses. The
SARS-CoV-2 primary transmission mode is person-to-person contact through respiratory droplets generated by breathing, sneezing, coughing, etc. In addition, the viruses
may  be transmitted among humans by direct contact with an infected subject or indirect contact, trough hand-mediated transfer of the virus from contaminated fomites to
the  mouth, nose, or eyes [46–48]. (B) The spectrum of pH1N1 and COVID-19 cases. Although the transmission route for both viruses is the same, the spectrum of cases for both
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differ  greatly: mild or asymptomatic infections are most common for both viruses;
(approximately 94–98%) than for SARS-CoV-2 (80%) [11,38,89]. The estimate of the
current  overall number of reported deaths divided by the number of reported cases

The prevalence of comorbidity is high in people hospitalized
with COVID-19. It is noteworthy that a large proportion of patients
aged 60 years and older presenting multiple chronic diseases.
The most common conditions contributing to deaths involving
COVID-19 were influenza and pneumonia (42%), respiratory failure
(34%), hypertension (21.7%), cardiac arrest (12.3%), diabetes (16%),
ischemic heart (11%), and vascular and unspecified dementia (11%)
[45].

One of the key factors in the epidemiology of infectious dis-
eases refers to the transmission efficiency of the pathogen. In this
regard, the influenza viruses and SARS-CoV-2 are both efficient
in causing respiratory disease because they easily spread among
humans through oral and nasal droplets. Additionally, they can also
be transmitted via indirect contact (see Fig. 3A) [46–48].

The course of an epidemic is defined by several key factors, some
of which are represented by the effective reproduction number R0
(also called the basic reproduction number), defined as the aver-
age number of secondary cases produced by a typical case in a
particular population [49]. Based on this epidemiological concept,
the COVID-19 transmission patterns have been better identified.
Consequently, it is known that the R0 of COVID-19 has been approx-
imately 3 (95% CI 2.65–3.39), which is superior to that of influenza
A (R0 = 1.3–1.7) [50–53].

Regarding the pre-symptomatic transmission of pH1N1, few
studies have documented about infectiousness during the pre-
symptomatic phase. Consequently, only three studies had this

purpose, with two of them finding evidence of pre-symptomatic
transmission of the virus among close contacts [54–56]. On the
other hand, it appears that pre-symptomatic transmissions of
SARS-CoV-2 infections could be somewhat common and would

t
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180
ver, a higher percentage of mild or asymptomatic cases were observed for pH1N1
-19 case fatality rates has varied widely, with the data in Fig. 3B representing the

pecific time point. �Remains to be determined.

ave a significant contribution to the overall SARS-CoV-2 trans-
ission rate. In this context, highlight the study by He et al., which

nferred that 44% of secondary cases were infected during pre-
ymptomatic stages of disease [57].

Referring to preliminary data on the overall case-fatality ratio,
alculated from total numbers of reported deaths by the number
e reported cases, in the first three months of each pandemic, the
ase-fatality ratio were 0.45% and 4.7% for pH1N1 and COVID-19,
espectively [27,38]. Subsequently in the pH1N1, the values were
.15–0.25%, while during the COVID-19 pandemic; the overall case-
atality ratio was estimated to be 2.7%, which was calculated by
sing different populations (Fig. 3B). For the two  pandemics, the
ase fatality rates vary widely, and over time, possibly because of
dequate/inadequate healthcare, coinfections, comorbidities, and
atient demographics (i.e., older patients), which suggests con-
iderable uncertainty over the exact COVID-19, and pH1N1 case
atality rates [11,27,58].

 brief comparison between clinical aspects and laboratory
iagnoses: pH1N1 vs COVID-19

Among the pH1N1 and COVID-19 cases, there are similarities
n the clinical spectra. However, COVID-19 cases tend to be more
evere as they often evolve to SARS, with these patients need-
ng hospital care for several days [59], mainly because they need

echanical ventilation support.

For pH1N1, the incubation period was  1.5–3 days, but some-

imes it extended to 7 days [60]. For COVID-19, the incubation
eriod is usually longer (2–14 days), with an average of 5.2 days.
he clinical picture usually tends to start with fever and cough that

0
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Fig. 4. Schematic image of the clinical pictu

is sometimes accompanied by a sore throat and myalgia (see Fig. 4)
[60–64].

For the laboratory diagnosis of influenza A and SARS-CoV-2, clin-
ical samples including a swab of the throat or nasopharynx, a saliva
sample or aspirate of the lower respiratory system are indicated,
with the collections being representative of the acute phase of the
disease [63]. Additionally, samples of whole blood or serum/plasma
can be collected in the acute and convalescent phase to be paired
with other samples and provide evidence of serological conver-
sion. Rapid techniques for detecting the influenza virus include
immunofluorescence and immunoenzymatic assays [65–67]. For
both viruses, real-time RT-PCR represents the gold standard tech-
nique [68]. Rapid immunochromatographic tests will be extremely
important for mass screening of individuals in the COVID-19 pan-
demic [69,70]. Another option for detecting SARS-CoV-2 includes
diagnostic imaging, which is obtained by computed tomography of
the chest, but this technique is limited by its low specificity [71].

Prevention and treatment strategies for pH1N1 vs COVID-19

For infectious diseases of epidemic potential, several mitigation
measures are indicated to reduce transmission and delay the spread
of the infectious agent. These measures are extremely important
when the transmissibility of the disease is high and when a high
proportion of cases require hospitalization [72]. These measures
to contain the rapid viral spread are even more important when
there is the emergence of a new highly contagious disease for which

there are no drugs or vaccines available. There are ten measures to
reduce the transmission of infectious diseases: (1) frequent hand
hygiene with soap and water/or disinfection with 70% alcohol gel;
(2) periodic disinfection of surfaces with 70% alcohol or 1% sodium

c
l
o
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180
fluenza A and COVID-19 [18,60,64,90–94].

ypochlorite targeted at different segments of society and public
laces; (3) social distancing to keep a distance of approximately 2

 between people and instruction to avoid touching the eyes, nose
nd mouth; (4) isolation of sick people; (5) contact tracking; (6)
uarantine of exposed people; (7) school closing; (8) changes in
he workplace (home office, delivery works); (9) prohibition of all
ypes of gatherings; and (10) restricted travel [73].

In 2009, pH1N1 was  combated with the dissemination of daily
eports by the media. In these reports, proper handwashing proce-
ures and avoiding close contact among people were highlighted.
owever, some regions of the countries most affected by pH1N1
dopted other measures to contain the virus, including the social
solation of some segments of society. In this scenario, the United
tates, Mexico, Singapore, Canada and China (Hong Kong) adopted
easures of social distancing in the workplace and in schools

74,75]. Additionally, school closures were one of the main pillars
f the response to prevention of pH1N1 because the age group most
ffected was children and young people [30].

In the pH1N1, Mexico was one of the few countries that adopted
he most stringent measures of social isolation from April 23
o May  11, 2009. Initially, these measures were implemented
n the metropolitan region of Mexico City, with social isolation
ersisting for approximately two weeks, including forced school
losures and the closure of all economic activities considered
onessential for approximately ten days. Subsequently, part of
hese measures was adopted across the country [76]. However,
or the COVID-19 pandemic, a lockdown was adopted with the

losing of companies, schools and public places, and social iso-
ation and travel restrictions were intensified in various regions
f the world to reduce the spread of SARS-CoV-2 [77,78]. Con-
equently, due to these factors adopted in several countries, the
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current pandemic will plunge the world into a serious economic
crisis.

The vaccine against H1N1 infection was the most effective
prevention and control measure, as it prevented the virus from
spreading and mitigated the severity and impact of the disease.
Thus, the experience with vaccines against seasonal influenza
allowed for small adjustments and the addition of the represen-
tative pH1N1 strain to the vaccination. The result was  immediate,
and approximately five months after the first cases started, China
was the first country to start mass vaccination [79].

Another factor that mitigated the impact of pH1N1 was  the exis-
tence of guiding principles for the treatment of the disease. Thus,
due to the knowledge generated from combating the circulation
of different strains of seasonal influenza, antiviral treatment was
already well established, such as the use of oseltamivir (Tamiflu)
and zanamivir (Relenza). Therefore, in the first cases of pH1N1, safe
and effective antiviral drugs were already available for use in the
treatment and prophylaxis of H1N1. This was extremely important,
as it contributed to reducing the length of hospital stay, reducing
the risk of disease progression to a severe clinical condition and
reducing the rate of contagion [80].

In contrast to pH1N1, the COVID-19 pandemic does not have an
antiviral drug or vaccine available. Thus, given the high number of
hospitalized and severe cases of the disease, added to the high con-
tagiousness of the virus and the entire population being exposed
to infection, it is extremely urgent to establish treatments and vac-
cines against the current pandemic. Consequently, a rapid search
for potential antiviral drugs against SARS-CoV-2 was initiated a
few months ago [81,82]. The most practical way to obtain antivi-
rals is to test other known antivirals or other established drugs.
This contributes to a time gain, since some safety parameters of the
medication are already known, for prompt availability of the med-
ication on the market. Initially, remdesivir, (hydroxy)chloroquine,
lopinavir/ritonavir, ribavirin, nitazoxanide and nelfinavir were pro-
posed as antiviral therapies against SARS-CoV-2 [83,84]. Many
of them have been tested in compassionate therapies, including
the use of convalescent plasma, in patients with severe COVID-19
[85,86]. However, for a better understanding of their effectiveness,
randomized, placebo-controlled clinical trials are required.

It is believed that the humanitarian and economic impact of
the COVID-19 pandemic will contribute to new platforms for the
next generation of vaccines aimed at accelerating the develop-
ment of vaccines. Following this path of producing something with
unprecedented speed, the first candidate for the COVID-19 vac-
cine entered human clinical trials on March 16, 2020. Since then,
78 vaccine candidates have been confirmed as active. Some of
these are already in the clinical development phase (Phase III) and
include (1) an encapsulated mRNA vaccine encoding S protein; (2)
an adenovirus type 5 vector that expresses S protein; (3) a DNA
plasmid-encoding S protein delivered by electroporation; (4) den-
dritic cells modified with a lentiviral vector expressing synthetic
minigene based on domains of selected viral proteins of selected
proteins; and (5) artificial antigen-presenting cells modified with
a lentiviral vector expressing synthetic minigene of selected viral
proteins. Given the emergence of the pandemic, it is estimated that
a vaccine will be available in early 2021 [87,88].
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