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After a sneeze, large droplets of
saliva and mucus shoot out of the
mouth, but fall relatively quickly.
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A turbulent cloud carries
smaller droplets and
allows them to drift for
up to 8 metres.

http:/ /www.nature.com.ezproxy.unal.edu.co/polopoly_fs/1.19996!/menu/main/topColumns/topLeftColumn/pdf/534024a.pdf

https:/ /www.youtube.com/watchv=bFxgVkslD-k




Rutas de transmision de los virus respiratorios

Transmission route

Particles involved and particle characteristics

Characteristics/definition of transmission

Contact
Direct
Indirect

Airborne
Droplet

Deposited on persons.
Deposited on objects.

Droplets (>5 um).
Remain only shortly in air (<17 min) [116].
Dispersed over short distances (<1 m).

Aerosols, droplet nuclei (<5 um),

Remain in air for an almost infinite amount of time.

Dispersed over long distances (>1 m).

Self-inoculation of mucous membranes by contaminated hands.
Virus transfer from one infected person to another.
Virus transfer through contaminated intermediate objects (fomites).

Short range transmission.
Direct inoculation of naive person through coughing/sneezing/
breathing of infected person.

Deposition mainly on mucous membranes and upper respiratory
tract.

Long range transmission.

Inhalation of aerosols in respirable size range.

Deposition along the respiratory tract, including the lower airways.

Current Opinion in Virology 2018;28:142-151



Evidencia al respecto de las rutas de transmision

Virus Virus family®

Transmission route

| Experimental and observational data

Guidelines®

Measles virus Paramyxoviridae Aerosol [75-77,78°,79"). Contact [3,110], droplet [3,109-111],
aerosol [3,109-111].
Parainfluenza virus Paramyxoviridae Limited data, contact (by fomite) [83,84] °. Contact [3,109-111], droplet [3,109-111],
aerosol [3,109].
HMPV Pneumoviridae Limited data, contact (by fomite)® [30] Contact [3,110,111], droplet [3,110,111].
RSV Pneumoviridae Contact [89,88], droplet [88], aerosol Contact [3,109-111], droplet [3,109,110],
[90,91°*7. aerosol [109,111].
HCoV Coronaviridae Limited data, contact (by fomite) [65-67] ©. Contact [3,110,111], droplet [3,110,111].
MERS-CoV Coronaviridae == Contact [84] ° [89] © [91°"], droplet [89] ©, Contact [111], droplet [3,111]
aerosol [91°°].
SARS-CoV Coronaviridae —a Contact [70] ®[73,79,101], droplet Contact [3,110,111], droplet [3,110,111],
[73,78°,79°,117], aerosol [76,118] © [82] <. aerosol [3,110,111].
Rhinovirus Picornaviridae Contact [35,36,42], aerosol [37,40,119]. Contact [109-111], droplet [109,111],
aerosol [109-111].
Adenovirus Adenoviridae Contact [100] © [100,101], droplet [1031, Contact [3,109-111], droplet [3,109,110],
aerosol [102,103°]. aerosol [110,111].
Influenza virus Orthomyxoviridae Droplet/aerosol [55,56,57°,59] Contact [109-111], droplet [3,109-111],

aerosol [3,109-111].

# Taxonomy was based on [62], airborne transmission is seemingly linked to:

® WIP [108], ‘Blue Book’ [109], ‘Red Book’ [110], CDC [3] and Up-To-Date [111]. The conclusions on experimental data as presented in this table
reflect the conclusions from the authors.

© Superspreader events.

9 Aerosol-generating procedures (in a nosocomial situation).

® Conclusions were drawn based on stability experiments.

Current Opinion in Virology 2018;28:142-151



Evidencia al respecto de las rutas de transmision

MERS-CoV SARS-CoV

Lim.exp.data
No guideline
Aerosol
Droplet

Contact

Current Opinion in Virology 2018;28:142-151



Super-transmisores

Factors

Categories

Examples

Host

Physiological

Behavioral

Immunological

Compared to other avian species, American robins appear

to be responsible for the majority of West Nile virus-infected
mosquitoes, and act as a species equivalent of a super-spreader
Contact length and contact frequency between hosts were
implicated in shaping the Sin Nombre virus transmission among
deer mice

Decreased immunity in a patient receiving hemodialysis was
linked to a super-spreading event in the Amoy Gardens,

Hong Kong SARS outbreak

Pathogen

Virulence

Co-infection

Salmonella enterica serovar Typhimurium SPI1 and SPI2
pathogenicity islands were associated with super-spreading
‘Cloud babies’ and ‘cloud adults’ are individuals who, after
rhinovirus infection, efficiently spread S. aureus that they are
colonized with, and infect others in their environment.

HIV shedding is higher in people co-infected with other sexually
transmitted diseases, and treatment of those diseases often

reduces shedding

Environment

Crowding

Unrecognized/misdiagnosed
disease
Inter-hospital transfers

Building ventilation/airflow
dynamics

A study of the Beijing SARS outbreak revealed that in three
super spreading events, the average number of contacts was 24
In a patient admitted to a Beijing hospital, SARS was initially
misdiagnosed for tuberculosis

During the SARS outbreak, several patients with previous
SARS contacts were admitted for unrelated complaints

and were subsequently transferred between hospitals,
infecting others

In the Amoy Gardens residential complex, building ventilation
was one of the factors thought to have facilitated the

initial SARS transmission to at least 187 individuals

Modelo 20/80: un 20% de los individuos en una poblacion contribuyen al 80% de la
transmision de los patogenos

International Journal of Infectious Diseases 15 (2011) e510—513



Estructura funcional del epitelio respiratorio

Via aérea
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Virologia Médica. Vargas-Cérdoba MA. 2016. Coedicién Universidad Nacional-Manual Moderno. pag. 285



Vias de sefializacion inducidas por virus en el
epitelio rgspiratorio
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Deteccion y evasion viral

A. Detection B. Evasion
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TLR: Toll Like Receptors.
MDA-5 (melanoma differentiation-associated gene 5)
NLRP3 (NLR family, pyrin domain-containing

Clinical Microbiology Reviews, Jan. 2010, p. 74-98



Virus respiratorios: resistencia anttviral y tolerancia a la

enfermedad
Factores que determinan el
1 § curso clinico
1 e Factores del virus
— Tipo de virus
’#&: — Virulencia
;#; — Dosis infectante
E * Factores del huésped
— Edad
Covid-19 — Susceptibilidad genética
~0’4_2’% : — Estado inmunolégico
' Factores del medio
et — Temperatura
B R B,y ~ Humedad
S damage or tolerate immune-mediated __ Polucién ambiental

damage

Nature Reviews Immunology 2014:14; 315

The Pediatric Infectious Disease Journal « 2005; 11(1):



Piramide de la vigilancia epidemiologica

o

0,4-2,9% Patients seek health care and can
be diagnosed and isolated, and
their contacts can be traced.

""" — A caveat is that coronaviruses
have a propensity for noso-
comial spread.

JL

80,99 Patients do not seek health care,
do not receive a diagnosis, and
may spread the virus to contacts.

Mild or asymptomatic

in absence of countermeasures

Ability to contain emerging virus

——

The proportion of mild and asymptomatic cases versus severe and fatal cases
of Covid-19 is recently reported, so we have more knowledge of the virus’s
epidemic potential and the outbreak response.

The New England Journal of Medicine, Jan 31 2020



Patogénesis y transmisibilidad
Virus Case Fatality Rate (%) Ry
2019-nCoV 3 14~55
SARS-CoV 10 2~5
MERS-CoV 40 <1
Avian H7N9 (2013) 40 <1
HINI (2009) 0.03 1.2~1.6
HINI (1918) 3 1.4~338
Measles Virus 0.3 12~18
Rhinovirus <0.01 6
Ebola Virus 70 23
HIV 80" 34
Small Pox Virus ¥ S5~7

** Without therapy Microbes and Infection, https://doi.ore/10.1016/ j.micinf.2020.01.004.




Infecciones respiratorias anuales por grupo etareo

Episodios por afio

<1 1-2 3-4 5-9 10-14 15-19  20-24 25-29  30-39 40-49 50-59  >60

Edad en anos



Infeccidn respiratoria aguda viral: etiologia

Alta morbilidad.

Causa pérdidas econdmicas por ausentismo laboral o estudiantil.

Se han identificado mas de 200 virus respiratorios que pertenecen al menos a 7
familias virales.

Orthomyxoviridae. Flu A, Flu B, Flu C

Paramyxoviridae. PIV 1-4

Picornaviridae: hRV mas de 100 tipos antigénicos, varios EV

Adenoviridae: mas de 30 tipos antigénicos.

Coronaviridae. HCoV-OC43, HCoV-229, HCoV-NL63, HCoV-HKU1, Middle East
respiratory syndrome coronavirus (MERS-CoV), SARS HCoV, Covid-19 (2019-nCoV).
Herpesviridae. HSV, VZV, CMV

Parvoviridae. hBoV (Bocavirus humano)

Tres nuevos virus
MERS-CoV (al 8 de septiembre de 2015: 2.494 casos y 858 muertes)
Influenza H7N9 (al 12 de agosto de 2013 ha causado 135 casos-44 muertes)

Nuevo CoV en China Wuhan 2019-nCoV (a 15 Enero de 2020 se registraron 41 casos y una
muerte, a 30 Enero de 2020 se reportan 7.700 casos y 170 muertes). 11-02-2020 Covid-19



Sindromes clinicos

Pneumonia
Immuno-
Virus Colds Pharyngitis Tracheobronchitis Croup Bronchiolitis Children” Adults compromised
RNA viruses
Influenza virus

Type A +b - +++ - - ++ o+t ++

Ty'pe B ++ ++ + - - -
Parainfluenza virus

Type 1 - e+

Type 2 - --

Type 3 - .- - +++ .- +++ - -
Respiratory syncytial virus ~ ++ - ++ ++++ ++++ - -
Human metapneumovirus - - -+ +
Measles virus + +
Rhinovirus ++++ ++ +++ ++ ++ +
Enterovirus ++ - + + +
Coronavirus .- - ++ - + +

DNA viruses
Adenovirus . - ++ ++ ++ - -
Herpes simplex virus + - + 4
Varicella virus + +
Epstein-Barr virus - + +
Cytomegalovirus - ++ + 4+

Richman DD, Whitley R], Hayden FG. Clinical Virology. ASM. Washintong. 2017.

4th Edition. pag 10.




Z.00no0sis emergentes

Woest Nile virus
>15,000deaths in

the United States

HIV
>30 million deaths

Ebolavirus
>1,553 deaths

2002-2003
SARS coronavirus
774 deaths
Hendra virus 2012-2013
Four deaths MERS coronavirus
54 deaths
Nipah virus
»250 deaths

“Spanish flu” 'Hong Kong flu’ ‘Russian flu” “‘Avian flu’ ‘Swine flu” Covid-19
HIN1 influenza H3N2 influenza HINL influenza HsN1influenza H1Nlinfluenza
~50 million deaths ~70D,000 deaths 407 deaths >15,00Ddeaths
1057-1958 1999-2002 ‘Avian Au'
‘Asian flu' H2N2 influenza HINZ and H7N7 influenza H7N9 influenza
~100,000 deaths Onedeath 44 deaths

Emerging Viral Diseases: The One Health Connection: Workshop Summary (2015)



hCoV-SARS: Cronologia

Humanization of SARS-CoV (late October- mid November, 2002)

Outbreaks in satellite cities around (-}uangzhou city, (rangdong
province, China (late October, 2002)

SARS arrived in Vietnam from Hong Kong.
Carol Urbani consulted (Feb 28, 2003)

WHO issues global alert following outbreaks in Vietnam and Hong
Kong (March 12, 2003)
Transmission on aircraft (Mar 15, 2002)
WHO global network born (Mar 17, 2002)
Carlo Urbani dies (March 29, 2003); Amoy Gardens (Hong Kong) outbreak;
WHO recommends global port screening of travelers (April 2, 2005)
China identified ~3,000 SARS cases; China’s Vice Premier, Wu Yi
commands the battle against SARS in China. SARS outbreak in Taiwan
Koch's postulates fulfilled (Nature 423, 240)

WHO removes last region (Taiwan) from list of travel alert (July 5,
2003) and declares end of human to human transmission

Senior scientist in Taiwan gets SARS from laboratory
(httpz//www.who.int/csr/don/2003_12_17/enfindex.html)

Dec 31, 2003

Postgraduate student in Beijing gets SARS from laboratory and initiated
three generations of transmission in a total of 8 cases with one fatality

< SARS outbreak in Guangzhou, China (mid November 2002)

HKU virologist Yi Guan traveled to China to obtain clinical specimens
SARS arrived in Hong Kong and two days later in Singapore and Toronto (Feb 21,
2002)
< SARS outbreaks in Hong Kong, Beijing, Toronto, Singapore (March, 2003)

March 21, 2003. US CDC preliminary description of SARS. SARS-CoV
44— identified by Hong Kong, US CDC & German scientists almost simultaneously
< Canada (Science 300, 1399), US, and Hong Kong completed sequence

data (April 12, 14 & 16, 2003). WHO named it SARS-CoV.
229/3947 (deaths/cases)

44— China completed a new1,000 bed infectious disease hospital (Xiaotangshan) in 8 days
€——Chinese and Hong Kong researchers found SARS CoV in wild animals in
Guangdong markets (May 23, 2003). WHO begins removing cities/regions
from travel alert

774/8096 (deaths/cases)

< Scientist in Singapore gets SARS from laboratory
(http://www.who.int/csr/don/2003_09_24/en/index.html)

< Four cases reported in Guangzhou city (Dec 20, 2003); not linked to
laboratory (http://www.who.int/csr/don/2004_01_05/en/)

PR Scientist in Beijing gets SARS from the same laboratory in April 2004
(http://www.who.int/csr/don/2004_04_30/en/index.html)

Emerging Viruses in Human Populations. Editor Edward Tabor Rockville, MD, USA. 2007. Elsevier. First Edition



hCoV-MERS

\ October 2012 \\
ctober )

> September 2012 November 2012 > February 2013

AN A Al

49-year old Qatari man
with history of travel to
Saudi Arabia. Admitted to
hospital in Doha with
respiratory illness on
07/09/12. Transferred to
UK on 11/09/12. Survived.

A 70-year old Saudi
man admitted to
hospital with severe
respiratory iliness, but
developed renal failure
and died.

Both cases were from one
family and refated to case
4. They presented with
severe respiratory illness.
One of the cases died.

1% case: 20" Sept. 3th case: 4t Nov. 5th case: 23" Now. 8" & 9th case: 30" Now. 10t case: 11" Feb.
60-year old Saudi man 45-year old Saudi man 1 A Qatari man Samples from two A 60-year old UK
admitted to hospital admitted to hospital on admitted to hospital / Jordanian healthcare resident, presented with
on 13/06/12 with 12/10/12 with severe in October with workers (a 45-year old respiratory illness on the
severe pneumonia. No respiratory illness. He severe respiratory woman and a 25-year 26/01/13. He had history
underlying conditions. was a heavy smoker and iliness. Transferred to old man) who died of of travel to Pakistan and
He died of acute renal had underlying chronic Germany. Discharged unexplained respiratory Saudi Arabia. He was
failure on 24/06/12. conditions. He recovered in the week beginning iliness in April 2012 confirmed to be positive

from his iliness and was 18/11/12. were confirmed to be for influenza H1N1 2009

discharged on 27/10/12. / / positive for NCoV. & NCoV. Currently In ICU.

! [ [
2 case: 22 Sept. 4th case: 19th Nowv. 6th & 7th case: 23" Nov. 11th case: 13t Feb.

A UK resident, family
member of case 10. This
patient has pre-existing
medical conditions. He died
from his illness (reported
on 19/02/2013)

12t case: 15" Feb.

A UK resident, family
member of case 10. No
history of travel or pre-
existing medical
conditions.

[ .




Cronologia temprana del Covid-19

Dec 30, 2019 Jan24,2020
Cluster of cases of pneumonia 835 cases reported in China (549 from Hubei
of unknown origin reported to province, 286 from the other 31 provinces,
China National Health municipalities, or special administrative regions)
Commission
Jan7,2020 Jan13, 2020 Jan19, 2020
Novel coronavirus First case in First case in Korea
isolated Thailand reported reported; two cases
in Beijing and one
case in Guangdong
province reported
g
Jan 16, 2020
Jan11,2020 First case in
First fatal Japan reported
case reported
Jan 20,2020
Jan12,2020 Infection in
Jan1, 2020 Named as 2019-nCoV; health-care workers
Huanan Seafood Wholesale whole genome sequence aaring for 2019-nCoV
market closed shared withWHO patients

www.thelancet.com Published online January 24, 2020 https://doi.org/10.1016/S0140-6736(20)30185-9



Cronologia del brote epidémico

31 de diciembre de 2019 - China alerta a la OMS de la erupcién de casos de

un tipo de neumonia en Wuhan

1 de enero de 2020 - Cierran el mercado de mariscos y animales que se cree
es la fuente del brote

9 de enero - LLa OMS dice que la infeccion es causada por un nuevo tipo de
coronavirus

10 de enero - China comparte el cédigo genético del nuevo virus

11 de enero - Los cientificos empiezan a trabajar en una vacuna y se confirma
la primera muerte.

13 de enero - El virus se propaga en el exterior por primera vez, con un €aso
registrado en Tailandia.

30 de enero - El virus afecta todas las regiones en China. Se reportan 7.711
casos y 170 muertes.

www.thelancet.com Published online January 24, 2020 https://doi.org/10.1016/S0140-6736(20)30183-5



Number of cases

Cronologia temprana del 2019-nCoV

Huanan seafood market exposure

CINo
1 Yes

Market closed

Epidemiological alert
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www.thelancet.com Published online January 24, 2020 https://doi.org/10.1016/S0140-6736(20)30183-5



Grupos afectados

A
204 [ Generalward
[ Intensive care unit
15 -
w
b
S
§ 104
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Y |
<18 18-24 25-49 50-64

Age (years)

Lancet https://doi.org/10.1016/ S0140-6736(20)30185-9



Reporte de caso

CASE REPORT

On January 19, 2020, a 35-year-old man presented to an urgent care clinic in Snohom-
ish County, Washington, with a 4-day history of cough and subjective fever. On check-
ing into the clinic, the patient put on a mask in the waiting room. After waiting

approximately 20 minutes, he was taken into an examination room and underwent

evaluation by a provider. He disclosed that he had returned to Washington State on January 15 after
traveling to visit family in Wuhan, China. The patient stated that he had seen a health alert from the U.S.
Centers for Disease Control and Prevention (CDC) about the novel coronavirus outbreak in China and,
because of his symptoms and recent travel, decided to see a health care provider.

Apart from a history of hypertriglyceridemia, the patient was an otherwise healthy non-smoker. The
physical examination revealed a body temperature of 37.2°C, blood pressure of 134/87 mm Hg, pulse of
110 beats per minute, respiratory rate of 16 breaths per minute, and oxygen saturation of 96% while the
patient was breathing ambient air.

Lung auscultation revealed rhonchi, and chest radiography was performed, which was reported as
showing no abnormalities. A rapid nucleic acid amplification test (NAAT) for influenza A and B was
negative. A nasopharyngeal swab specimen was obtained and sent for detection of viral respiratory
pathogens by NAAT; this was reported back within 48 hours as negative for all pathogens tested,
including influenza A and B, parainfluenza, respiratory syncytial virus, rhinovirus, adenovirus, and four
common coronavirus strains known to cause iliness in humans (HKU1, NL63, 229E, and OC43).

N Engl ] Med 2020. Jan 31 DOI: 10.1056/NEJMo0a2001191



Reporte de caso

CASE REPORT

Given the patient’s travel history, the local and state health departments were immediately notified.
Together with the urgent care clinician, the Washington Department of Health notified the CDC
Emergency Operations Centre.

Although the patient reported that he had not spent time at the Huanan seafood market and
reported no known contact with ill persons during his travel to China, CDC staff concurred with the
need to test the patient for 2019-nCoV on the basis of current CDC “persons under investigation”
case definitions. Specimens were collected in accordance with CDC guidance and included serum
and nasopharyngeal and oropharyngeal swab specimens.

After specimen collection, the patient was discharged to home isolation with active monitoring by
the local health department.

On January 20, 2020, the CDC confirmed that the patient’'s nasopharyngeal and oropharyngeal
swabs tested positive for 2019-nCoV by real-time reverse-transcriptase—polymerase-chain-
reaction (rRT-PCR) assay. In coordination with CDC subject- matter experts, state and local health
officials, emergency medical services, and hospital leadership and staff, the patient was admitted to
an airborne-isolation unit at Providence Regional Medical Centre for clinical observation, with health
care workers following CDC recommendations for contact, droplet, and airborne precautions with
eye protection.

N Engl ] Med 2020. Jan 31 DOI: 10.1056/NEJMo0a2001191



Day of lliness

Fever (°C)
Cough

Rhinorrhea
Fatigue
Nausea

Vomiting

Diarrhea

Abdominal
Discomfort

Reporte de caso: evolucion de sintomatologia

Hospital
Travel l |
from Urgent Day Day Day Day Day Day Day Day Day Day Day
China Work Work Home Care 1 & 3 4 5 6 7 8 9 10 11
1 2 3 * 5 6 * 8 9 10 23 12 13 E 15
Sublective SublectiveBi37.7 88 §37.988839.0 373 368 368 363
fever fever
1 1 | | | 1 | | | | | | | 1 1
Jan. Jan. Jan. Jan. Jan. Jan. Jan. Jan. Jan. Jan. Jan. Jan. Jan. Jan. Jan. Jan.
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Date

N Engl ] Med 2020. Jan 31 DOI: 10.1056/NEJMo0a2001191



Reporte de caso: diagnostico

Table 2. Results of Real-Time Reverse-Transcriptase-Polymerase-Chain-Reaction Testing for the 2019 Novel Coronavirus
(2019-nCoV).*

Specimen lliness Day 4 lliness Day 7 lliness Day 11 lliness Day 12
Nasopharyngeal swab Positive Positive Positive Positive
(Ct, 18-20) (Ct, 23-24) (Ct, 33-34) (Ct, 37—40)
Oropharyngeal swab Positive Positive Positive Negative >
(Ct, 21-22) (Ct, 32-33) (Ct, 36—40)
Serum Negative Negative Pending Pending
Urine NT Negative NT NT
Stool NT Positive NT NT
(Ct, 36-38)

* Lower cycle threshold (Ct) values indicate higher viral loads. NT denotes not tested.

N Engl ] Med 2020. Jan 31 DOI: 10.1056/NEJMo0a2001191



Evolucidn clinica de caso

Shortness of breath
Hospital Intensive care
Onset of symptoms admission ARDS  unit admission
0 1 2 3 4 5 6 7 8 9 10 1

NUMBER OF DAYS*

ARDS=Acute respiratory distress syndrome

“Median time from onset of symptoms, including fever (in 98% of patients),

cough (75%), myalgia or fatigue (44%), and others. THE LANCET

https:/ /www.thelancet.com/infographics/coronavirus



Symptoms and complications

Some infected people do not show any symptoms, while for
others the symptoms can be severe, even fatal.

Symptoms * Infection, complications

Severe acute
respiratory
syndrome

f

/

Children under two years old and people aged over 65, or
with weak immune systems are particularly susceptible to
developing severe complications such as pneumonia.

ADVICE FROM THE CDC:

¢ Avoid contact with sick people,
animal markets, and live or dead
animals (including uncooked meat).

* Wash hands often with soap and
water for at least 20 seconds.

» [f you feel sick with fever, cough,
or difficulty breathing, seek
medical care right away.

¢ Do not travel while sick.

e Cover your mouth and nose
with a tissue or your sleeve
when coughing or sneezing.

Source: CDC BUSINESS INSIDER



Examenes paraclinicos en un caso

Table 1. Clinical Laboratory Results.*

Reference lliness Day 6, lliness Day 7, lliness Day 9, lliness Day 11, lliness Day 13, lliness Day 14,
Measure Range Hospital Day 2 Hospital Day 3 Hospital Day 5 Hospital Day 7 Hospital Day 9 Hospital Day 10
White-cell count (per ul) 3800-11,000 “Slight decrease” 3120% 33003 5400 5600 6500
Red-cell count (per ul) 4,200,000-5,700,000 — 4,870,000 5,150,000 5,010,000 4,650,000 5,010,000
Absolute neutrophil count (per ul) 1900-7400 — 1750% 1700% 3700 3800 3200
Absolute lymphocyte count (per ul) 1000-3900 — 1070 1400 1400 1400 2100
Platelet count (per pl) 150,000-400,000 “Adequate” 122,000 132,000} 151,000 150,000 239,000
Hemoglobin (g/dl) 13.2-17.0 122§ O 14.2 14.83 14.8 13.5 14.2
Hematocrit (%) 39.0-50.0 36.0f o 42.0 43.0 43.0 39.3 42.0
Sodium (mmol/liter) 136-145 1341 © 136 138 138 135% 138
Potassium (mmol/liter) 3.5-5.1 335 © 3.6 343 © 3.6 4.1 3.9
Chloride (mmol/liter) 98-107 99 101 105 106 100 103
Calcium (mg/dl) 8.7-10.4 — 8.5% 9.3 9.0 8.6 9.3
Carbon dioxide (mmol/liter) 20-31 — 26 24 25 23 36§
Anion gap (mmol/liter) 5-16 — 9 9 7 12 9
Glucose (mmol/liter) 65-140 104 103 120 9% 148§ 104
Blood urea nitrogen (mg/dl) 9-23 15 10 13 13 22§ 18
Creatinine (mg/dl) 0.7-1.3 1.0 1.06 1.06 0.88 1.08 0.84
Total protein (g/dl) 5.7-8.2 — 6.9 7.1 6.8 6.9 6.8
Albumin (g/dl) 3.2-438 — 4.2 4.7 4.5 29% 4.4
Total bilirubin (mg/dl) 0.3-1.2 — 1.0 11 15§ % 0.8 1.0
Procalcitonin (ng/ml) <0.05 — — <0.05 <0.05 — —
Alanine aminotransferase (U/liter) 10-49 — 68f >k 105§ > 119§ >k 219§ >k 203§ X
Aspartate aminotransferase (Uyliter) <33 - 37§ K 77§k 85§ 129§ X g9f X
Alkaline phosphatase (U/liter) 46-116 — 50 68 < 88§ X 137§ < 163§
Fibrinogen (mg/dl) 150-450 — 477§ — — — —
Lactate dehydrogenase (U/liter) 120-246 — 250§ < 465§ — — 388 K
Prothrombin time (sec) 12.2-14.6 — 1193 © 11.9; © — — 12.7
International normalized ratio 0.9-1.1 — 0.9 0.9 — — 1.0
Creatine kinase (U/liter) 62-325 — 353§ x 332§ k& — — —
Venous lactate (mmol/liter) 0.4-2.0 — 1.3 1.7 — — —

N Engl ] Med 2020. Jan 31 DOI: 10.1056/NEJM0a2001191




RX de torax 7°dia enfermedad 3° hospitalizacion
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RX de torax 10°dia enfermedad 6° hospitalizacion

N Engl ] Med 2020. Jan 31 DOI: 10.1056/NEJMo0a2001191



Cronologia de sintomas en un grupo familiar en Shenzhen

B Wutan
L 1

Decembeg 2019 january, 2020
poncirntnezy | 26| 7 |2 [29|w[m|[1[2]afs|s[6]7[e[s]w[n]nlululs]
1_ (4] Close contacts with their relatives
Feveg cough, and dyspnosa
e K E4 K EY BN | B E I H B DB R R E B EE

(#|#|4]4]| Close contadts Wi#l tfleir relatives
Feverand

Cough Attended clinic
Qeneraiiued wkness
e[z == [A ] 4 [s[s[7 [ e [s [ru]na]u]u]s]

EETETF] Close contadts with their relatﬁres

Feves, cough, and
geneniised wakness

v sy [ 3 7 [ 2 [ [30] [R T34 [ 5 [ [7 [# [5 [ [w ] [w]ua] 5]

it

Feves, cough, and Hospitalised
generalised weakness

sinawarpany | 26| 7 [2¢ ([ @[ ]2 ]34 ]s[6]7]e[s[w]u]u]a]u]x]

t f

Feves, cough, and Hozpitalised
generalised woakness

(mmcofmz)

www.thelancet.com Published online January 24, 2020 https://doi.org/10.1016/S0140-6736(20)30154-9



Cronologia de sintomas en un grupo familiar

A Shenzhen Wuhan Shenrben
I | 2020 1
2019
B et ey | 26| 7| 2| w[ [ 22 [af4]s]|6[7]e]s[w[u]n|ufu]s]
Close contacts with their relatives E t t |y )
Fevercough and  Afterded  Aftended  Attended HELLSZH for persistent ymptoms
generalsedweakness  ciric 1 Clirikc 2

(RT-PCR and CT positive)

rotere 2¢0eney | 26| 7| 28 [ 8| ol | [w |23 fa[s[e]7]e]sw|u[nfa]u|s|

Feverand  Coughand Atterded  Attencied HEL-SZH for persistent symptoms
generdisedweakness  attended dinkl  dinic2

patere 3 gy | 20| 7| 2| [ m| | [w 2 afafs[s]7[e]o[wfuu]n]uls]
Close contacts with their relatives [#] 1) t IF

Fever anddarhoea Pleuritic chest pain Attended HKU-SZH for ivestigation

et pmmiany | 22| 7| 2| | w| || a2 lafa|s[6[7]e]s[w[u]n]nu]s]

Patient 4 {zon-In-law)
CORE MR | PR

O st s ganceoey | 26 | 7 [ 28] 29| w| ;| [ [2[afa|s[6[7[8]s[w[nfu|n]u]s]
R e

grmacgmen | 5] 7] 2] B[ @[] [xTa]a]4[s[e]7 e s [ro[u]u]u]uls]

Attended HKU-SZH for ivestigation
Sherahen

ratnt7 moecrpunent | 26| 7| 2] 3| o] n[ 1 [2[3afs[6]7 ]85 mw[n]u]u]u]s

T

Buipainand  Feveranddrycough  Attended HKU-SZH for
genenlised weakness veestigation

Older patients (aged >60 years) had more systemic symptoms, extensive radiological ground-glass lung changes, lymphopenia,
thrombocytopenia, and increased C-reactive protein and lactate dehydrogenase levels.

www.thelancet.com Published online January 24, 2020 https://doi.org/10.1016/S0140-6736(20)30154-9



Transmision en un grupo familiar

Shenzhen Wuhan Shenzhen

'/ 0 9

Healthy family Visit infected family Family return
in Shenzhen inWuhan to Shenzhen infected

a o vesesses) eseecssnvecasessrsccae)s a o
vy ey =1

26 27 28 29 30 31 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
DEC JAN

Fever, cough, & general weakness

v
Patient1 . AOLHICE ¢ 0000000000000000006000000006060000000000000000000000000000000000000000000000000080000000000000000000000eeeeed - P1
Fever & general weakness +
v
P2 “ Father sesesssssssescascacescssessssssssssssesssssscsssscssnsnnsns sassssssssessssssasssssannnnns .............n......)“ P2
Fever & diarrhoea a
P3 . Daughter ........................................................................................................... » ' P3
Fever & diarrhoea

P4& Son-in.]aw---n.c...oooo-..n-!yo ------- GesssssaaanaaEtsssaatsstIttetsessesserreessrrrrrrrane ---n-nn-----nnn)" P4

P5

PS5 ©  Grandchild seessssssestestactestessesresresecsrsersersrssrstnstastesessessecsecsessrssssnssrosrosrssressessestesteside

P6*

[ ]
P6 : GEANACRild o¢ e e s e e e e e e e o s e eSS oot esscessstasnsrssnsnsesioensssssensrsssensessasnsnssesnsnssassssssl

Back pain &

DID NOT TRAVEL TO WUHAN generl weakness

P7- Motherofp4----tttoono.ooooooooooooooooll-Qttttttooooooooooonn.oo----!ooooo.tttoﬁoooo'oottttooootccuacttttotttoo)' P7

First sign of Attended hospital

symptoms for investigation P6 was not infected THE LANCET

www.thelancet.com Published online January 24, 2020 https://doi.org/10.1016/S0140-6736(20)30154-9



Cronologia de sintomas en un grupo familiar

Patient 1 Patient 2 Patient 3 Patient 4 Patient§ Patient7
“Body temperature ('C) 390 390 362 365 365 350
Oximetry saturation (%) 94% 96% NA NA NA NA
Haemoglobin (g/dL); (male normal range 13-3-17-1; 131 156 15.0 152 146 130
female normal range 11.5-14-8)
White blood cell count (x 10 cells per L); (normal range 48 42 56 114 (1) 65 43
3-9-99)
Neutrophil count (x 10* cells per L); (normal range 2-0-7-4) 4.0 32 31 81(1) 32 27
Lymphocyte count (x 10° cells per L); (normal range 1-1-3-6) 06(l)0 07(4) © 22 27 28 12
Platelet count (x 10 cells per L); (normal range 162-341) 157(4) o 18(l) o 224 196 197 205
Prothrombin time (s); (normal range 11-0-14.5) 126 125 130 130 131 129
International normalised ratio 10 10 1.0 1.0 10 10
Activated partial thromboplastin time (s); 454(1) x 453(1) % 360 314 340 358
(normal range 26-0-40-0)
D-dimer (pg/mL); (normal range 0-0-0-5) 06(T) 03 NA NA NA 06(T) %
Fibrinogen (g/dL); (normal range 2-0-4-0) 62(1) 51(T) 38 38 29 45(1) *
C-reactive protein (mg/L); (normal range 0-0-5-0) 556(1) * 342(1) * 05 49 02 449(1) *
Albumin (g/L); (normal range 35-0-52.0) 394 385 50-4 481 491 412
Bilirubin (pmol/L); (normal range 0-0-21.0) 69 59 93 89 36 104
Alkaline phosphatase (U/L); (normal range 35-105) 68 56 56 48 211(1) % 66
Alanine aminotransferase (U/L); (normal range 0-0-33-0) 142 139 259 202 239 173
Aspartate aminotransferase (U/L); (normal range 0-0-32-0) 205 233 274 181 282 276
Urea (mmol/L); (normal range 2-8-8-1) 35 57 31 52 56 49
Creatinine (pmol/L): (normal range 44-80) 53 93(1)* 67 87 (1) 51 55
Sodium (mmol/L); (normal range 136-145) 136 133(4) © 142 141 141 139
Potassium (mmol/L); (normal range 3-5-5-1) 32(l) o 37 37 37 39 38
Creatine kinase (U/L); (normal range 0-170) 42 109 50 137 78 143
Lactate dehydrogenase (U/L): (normal range 135-214) 286(1) % 232(1) ¢ 192 176 194 252(1) X
Amylase (U/L); (normal range 28-100) NA NA 70 61 61 NA

NA=not available. +=positive. =negative. T =above normal range. |=below normal range.

www.thelancet.com Published online January 24, 2020 https://doi.org/10.1016/S0140-6736(20)30154-9



Covid-19: transmision de caso indice (Alemania)
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JAMA Network®

From: Novel Coronavirus Infection in Hospitalized Infants Under 1 Year of Age in China

JAMA. Published online February 14, 2020. doi:10.1001/jama.2020.2131

Table. Characteristics of 9 Hospitalized Infants Infected With Coronavirus Disease 2019

Patient
Characteristic 1 2 3 4 5 6 7 8 9
Demographics
Age 9 mo 11 mo 8 mo 10 mo 7 mo 1mo26d 3mo 3mo22d 6 mo
Sex Female Female Female Male Female Female Female Female Male
Symptoms at onset Fever, peaking Mild fever  None NA Fever Runny nose; Cough; sputum  Fever NA
at 38.8 °C cough production
Time between admission 1 1 3 3 1 1 1 1 2
and diagnosis, d
Epidemiologic history
No. of family members 2 1 5 1 2 2 2 1 1
infected
Linkage to Wuhan Yes Yes Yes Yes Yes Yes Yes NA No
Treatment
Intensive unit care No No No No No No No No No
Mechanical ventilation  No No No No No No No No No
Severe complications No No No No No No No No No
Abbreviation: NA, not available.
Table Title:

Characteristics of 9 Hospitalized Infants Infected With Coronavirus Disease 2019



Covid-19: Ro
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Radiografia de térax 2019-nCoV 61y-man

Dia 11

DOI: 10.1056/NEJM0a2001017



Imagenologia de torax

Bilateral ground-glass opacity on day 12 after symptom onset

www.thelancet.com Published online January 24, 2020 https://doi.org/10.1016/S0140-6736(20)30183-5



Imagenologia de torax
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CT20001

(A) Transverse chest CT images from a 40-year-old man showing bilateral multiple lobular and
subsegmental areas of consolidation on day 15 after symptom onset.

www.thelancet.com Published online January 24, 2020 https://doi.org/10.1016/S0140-6736(20)30183-5



Li Wenliang

https:/ /www.bbc.com/mundo/noticias-internacional-51400608



Ultimas publicaciones

CORRESPONDENCE

DOI: 10.1056/NEJMc2001899

Evidence of SARS-CoV-2 Infection in Returning
Travelers from Wuhan, China

In this effort to evacuate 126 people from Wuhan to Frankfurt, a symptom-based screening process was
ineffective in detecting SARS-CoV-2 infection in 2 persons who later were found to have evidence of SARS-
CoV-2in a throat swab.

CORRESPONDENCE

DOI: 10.1056/NEJMc2001621

Journey of a Thai Taxi Driver and Novel Coronavirus

On January 20, 2020, a 51-year-old male taxi driver had fever, cough, and myalgia and went to a local pharmacy to get unspecified over-thecounter
medications. At the time, he was not aware of the emergence of SARS-CoV-2 or the illness it causes (Covid-19). Throat and nasopharyngeal
swabs that were obtained from the patient tested positive for SARS-CoV-2 on real-time reverse transcriptase— polymerase-chain-reaction (RT-PCR)

https:/ /www.bbc.com/mundo/noticias-internacional-51400608




Coronavirus: el agente infeccioso

Orden: Nidovirales

Familia: Coronaviridae.

Subftamilia: Coronavirinae.

Géneros: Alphacoronaovirus, Betacoronaovirus, Gammacoronaovirus, Deltacoronaovirus,
Especies: OC43, 229E, HKU1, NL63, SARS-CoV, MERS-CoV, 2019-nCoV
Virus cubierto esférico de 120 nm de diametro.

Nucleocapside de simetria helicoidal.

Genoma ARN linear de cadena sencilla de 27-32 kpb, sentido positivo.
Envoltura con glicoproteinas S.

Otras proteinas: NP, M, E.

Interacciones con células
— CoV-OC42: acido sialico
— CoV-229E: ANPEC
— SARS-CoV: ACE2

http:/ /viralzone.expasy.org/all_by_species/178.html



Coronavirus: generalidades

Los Coronavirus son agentes cubiertos
con material genético de tipo ARN (+)
de 27-32 Kb, ampliamente prevalentes
en humanos, mamiferos, aves y son
responsables de infecciones
respiratorias, entéricas, hepaticas y
neurologicas.

Se conocen siete especies de CoV en
humanos.

Cuatro: (229E, OC43, NL63 y
HKU1) son las mas prevalentes y son
causa de resfriado comun en pacientes
sin alteraciones inmunes.

Tres: SARS, MERS, Covid-19 son de

origen 700NnoOtico



Coronavirus y enfermedad

Los coronavirus son un grupo amplio y diverso de virus, muchos de los cuales
afectan especies animales..

Antes del descubrimiento del 2019-nCoV, se conocian seis coronavirus que
infectaban humanos. Cuatro de estos (HKU1, NL63, OC43, and 229E) causan

enfermedades leves o moderadas del tracto respiratorio alto y se estima que son
responsables del 10-30% de los resfriados comunes.

Ocasionalmente causan neumonia viral y pueden ser detectados por los
paneles de diagnostico molecular multiple.

Otros coronavirus han causado brotes de infeccidn respiratoria aguda severa.

El SARS apareci6 en China en 2002 y el MERS en el medio oriente en 2012. Este
ultimo adn causa casos esporadicos.

El brote actual es causado por el denominado Covid-19 (2019-nCoV), un beta
coronavirus hasta hace poco desconocido. Este agente es muy relacionado con

virus de murciélagos (~96%) y comparte un 80% de homologia con el SARS CoV
y tan solo un 50% de homologia con MERS-CoV.

ILa identidad entre aislamientos es del 99.98%

DOI: 10.1056/NEJMc2001468 y Lancet https://doi.org/10.1016/ S0140-6736(20)30251-8




SARS-CoV: estructura

SARS coronavirus

Spike glycoprotein
trimer (S)
) : pye Nucleopratein (N)
N - o s and RNA genome
,..- 7 Membrane protein
s ad - M
v ) P (M}
: \\ = Envelope small membrane protein
\ pentamer (E}

© ViralZone 2020
SIB Swiss Instute of Bioinformatics

Flint. Principles of Virology. 4th Edition. 2015. ASM Press. https:/ /viralzone.expasy.org/764outline=all_by_protein



hCoV: estructura

a b
Group 1: TGEV SARS-CoV virion
Leade£_| ORMa | M
5! ORFIb 5| N Poly(A)
Group 2: SARS-CoV 8a
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R ORFIB a E Poly(A)
- < 7b 8b 9b S
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pL2Pe 3CLP 'ssRBP NendoU
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Nat Rev Microbiol 2009; 7: 439-451




Covid-19: estructura

Spike Glycoprotein (S)

RNA and N protein

Envelope

Al
b

Pt Hemagglutinin-esterase

% dimer (HE)
\ HCoV-HKU1

HCoV-OC43

https:/ /www.eluniverso.com/sites/default/files/styles/powgallery_1280/public/fotos/2020/01/-_coronavirus-eeuu_34636035.jpgitok=Y7SArwki




Organizacion genomica Covid-19

2019-nCoV (human)

11 aE 67a gb
waindle B 3 4 5 678910) 12 13141516 D%I I
s- 1 : ||l| 1IN : |l|||“ M [l n]-=
]
P 3a™ RARP  Hel | | R
N con | 1
DMV formation primase EndolU | :
/l;o;@ :\
HKU-SZ-002a/HKU-SZ-005b
| S1 »le S2 »|
l¢— RED —p
[se[ w0 [ Teo [T T [fp] [ema] Ture] V]|
S1(70%) 52(99%)
NTD (66%) RED (68%) FP(100%)  HR1(96%) HR2(95%)
ESD (39%)
[se] w0 [ Teo [T T [re] Toma] Twee] O]
bat-SL-CoV-ZC45

Genome Position (nudeotide) Gene Amino acd

HKU-SZ-002a 9529 (TCA) NSP4 Ser336

. . HKU-SZ-005b 9577 (TIA) NSP4 Leu336

Asilamientos —proes 15575 (TTA) NSP12 Lew723

HKU-SZ-005b 15623 (CTA) NSP12 Leu723

https://doi.org/10.1016/ S0140-6736(20)30184-7, and https://doi.org/10.1016/ S0140-6736(20)30185-9



Arbol filogenético 2019-nCoV

100, AY508724|SARS_coronavirus_NS-1

100] AY485277|SARS_coronavirus_Sinol-11
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Arbol filogenético 2019-nCoV

RNA polymerase

97| Bat SL-Cov ZC452018
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Proteina S y su receptor

First, the sequence of Covid-19 RBD, including its receptor-binding motif (RBM)
that directly contacts ACE2, 1s similar to that of SARS-CoV, strongly suggesting that
Covid-19 uses ACE2 as its receptor.

Second, several critical residues in 2019-nCoV RBM (particularly GIn493) provide
favourable interactions with human ACE2, consistent with Covid-19's capacity for
human cell infection.

Third, several other critical residues in Covid-19 RBM (particularly Asn501) are
compatible with, but not ideal for, binding human ACE2, suggesting that Covid-19
has acquired some capacity for human-to-human transmission.

Last, while phylogenetic analysis indicates a bat origin of 2019-nCoV, also potentially
recognizes ACE2 from a diversity of animal species (except mice and rats), implicating
these animal species as possible intermediate hosts or animal models for
Covid-19infections.

These analyses provide insights into the receptor usage, cell entry, host cell
infectivity and animal origin of Covid-19, and may help epidemic surveillance and
preventive measures against Covid-19.

Journal of Virology 2020. DOI: 10.1128/JV1.00127-20



Secuencia de aminoacidos dominio RBD-proteina S
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Dominio RBD-proteina S
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Covid-19: funcion del receptor

ACE2: Carboxipeptidasa que convierte la angiotensina I en angiotensin 1-9.
Se localiza predominantemente en células del tracto respiratorio bajo meas que en el tracto respiratorio alto.
Esto permite comprender porqué los sintomas respiratorios altos son escasos y por que la mayor eliminacion del virus se observa hacia el 10 dfa.

Por homologia genética Covid-19 debe usar ACE2 como receptor y esto permita su adaptacion al humano, facilitando la infeccion.
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Covid-19: receptor ACE2

Funcién desconocida.

Vasodilatador, regulador de la funcién cardiaca.
Su clivaje da efecto protector sobre el dano pulmonar agudo

5
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Carboxipeptidasa ~ ™ e ™

+
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Angiotensina 11 I.-fenilalanina

https://www.uniprot.org/uniprot/ QIBYF1



ACE2: expresion tisular
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ACEZ2: deteccion tisular

https:/ /www.proteinatlas.org/ ENSG00000130234-ACE2/ tissue



ACE2: todos los tejidos

https:/ /www.proteinatlas.org/ ENSG00000130234-ACE2/ tissue



ACE2: expresion tisular
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* El control es una ACE2 recombinante

ACE2 B-tubulin IV
Journal of Virology, Dec. 2005;79(23) p. 14614—14621
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Infeccidn de células epiteliales diferenciadas

No Virus SARS-CoV Apical SARS-CoV Basal

Colocalizacion : Células ciliadas e infectadas

B-tubulin IV nsp1 Merged

Journal of Virology, Dec. 2005;79(23) p. 14614-14621




ACE-2: resumen metabdlico

METABOLIC SUMMARY'

ACEZ2 is associated with 8 reactions in 3 different subsystems: Boundary, Cytosol, Endoplasmic reticulum, Extracellular, Inner mitochondria, Lysosome, Mitochondria,

Nucleus, Peroxisome. Provided by metabolicatias.org
# reactions
m{.‘n Compartments # proteins # metabolites :::.
protein
Boundary, Cytosol, Endoplasmic reticulum, Extracellular, Inner mitochondria, Lysosome, Mitochondria, Nucleus,
Miscellaneous ", oyt P . yso ueieu 102 173 4
Peroxisome
Isolated Cytosol, Endoplasmic reticulum, Extracellular, Mitochondria, Nucleus, Peroxisome 981 310 3
Transport Boundary, Cytosol, Endoplasmic reticulum, Extracellular, Golgi apparatus, Inner mitochondria, Lysosome, 594 1600 ’
reactions Mitochondria, Nucleus, Peroxisome

https:/ /www.proteinatlas.org/ ENSG00000130234-ACE2/ tissue
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Covid-19
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Betacoronavirus interaccion con el hospedero

Host-virus interaction
Host gene expression shutoft
SARS-CoV nspl protein mediates host mRNA decay L=.

Apoptosis modulation

Human coronavirus induces neuronal apoptosis via mitochondrial apoptosis-inducing factor and
cyclophilin D =

Cell-cycle modulation

SARS-CoV Nspl15 has a retinoblastoma protein-binding motif (LXCXE/D) and seems to interact with host
retinoblastoma protein resulting in an increased proportion of cells in the S phase of the cell cycle. This
probably involves G1/S host cell cycle checkpoint dysregulation by the virus L=.

Murine coronavirus and SARS-CoV may also induce G0/G1 checkpoint dysregulation = .

Innate immune response inhibition

SARS-CoV Protein 3a, which has a viral channel activity, may cause endoplasmic reticulum stress and
inhibition of the type 1 interferon receptor L=.

SARS-CoV PL-Pro mediates ISG15 inhibition =l and inhibition of host IRF3 5.

SARS-CoV M protein mediates the inhibition of host TRAF3 L=

https:/ /viralzone.expasy.org/764outline=all_by_species#tab2



Emergencia viral

* The broad-scale factors responsible for viral emergence have been well
documented and include human population growth, increased
frequency and reach of travel, changing patterns of land use, changing
diets, wars and social upheaval and climate change.

* These factors increase interactions between humans and reservoir
hosts, facilitating exposure to zoonotic viruses and spillover infections
in people, and allow emerging viruses to spread more easily through
human populations.

* The interactions between virus genetics, ecology and the host factors
that determine virus emergence are so complex that it 1s impossible to
predict what virus will cause the next epidemic, making it essential that
our response 1s scientifically informed, robust and etficient.

Grubaugh, N.D,, Ladner, ].T., Lemey, P. ¢ a/. Tracking virus outbreaks in the twenty-first century. Naz Microbio/ 4, 10-19 (2019).
https://doi.org/10.1038/s41564-018-0296-2



hCoV: filogenia y espectro de hospederos
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hCoV: zoonosis
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Peacock Chinese parcupine Wolf cub Swan Rabbit Pheasant
‘ Cicades s f i !
e at ;)suich Otter Snake
Market \

Chinese giant salamandei Scorpion Turtle Masked palm civet

%

Asian badger
Crocodile Camel Wild boar

*The Chinese character for koala seems to be used to deliberately mislead and likely refers to beavers.



Investigacion genomica en tiempo real

a Dataction b Snapshot c Transmission chain d Spread
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Grubaugh, N.D,, Ladner, ].T., Lemey, P. ¢ a/. Tracking virus outbreaks in the twenty-first century. Naz Microbio/ 4, 10-19 (2019).
https://doi.org/10.1038/s41564-018-0296-2




Murciélagos e infecciones emergentes

Rabia
SARS

1.200 especies Hendra
20% mamiteros Nipah
Ebola

s

¥4

Emerging Viral Diseases: The One Health Connection: Workshop Summary (2015)



SARS-CoV/Covid-19: modelos de emergencia

T e AA AR By
Rhinolophus sinicus)

bio.bris.ac..uk

Pangolin

Current Opinion in Virology

Current Opinion in Virology 2011:26: p. 264-76



CoV que han emergido por adaptacion genética

Suspected original
Resulting CoV/host CoV/host

Genomic modification

References

HCoV-0OC43/human BCoV/cow

HECV-4408/human BCoV/cow

SARS-CoV/human Bat and civet SARS-
CoV/ horseshoe bat
and civet cats

290-nt deletion

(corresponding to the
absence of BCoV nsp 4.9
kDa and nsp 4.8 kDa)

Not known

29-nt deletion in ORF8
and substitutions in spike
gene and ORF3

Vijgen et al., 2005

Lau et al., 2005

Emerging Viral Diseases: The One Health Connection: Workshop Summary (2015)



SARS-CoV: patogénesis

SARS- .
CoV Innate Immune Function
Protein
nspi Antagonizes IFN; inactivates host translation; degrades host
mRNA; blocks phosphorylation of STAT1
PLP Antagonizes IFN; interacts with STING; blocks IRF
Phosphorylation; blocks NF- kB signaling
nsp7 Antagonizes IFN by undescribed mechanism
nspi4 Guanine-N7-methyltransferase activity part of viral RNA
capping machinery for evading host detection
nspi15 Antagonizes IFN by undescribed mechanism
nsp16 2’-O-methlytransferase activity modifies the cap of viral
RNAs for evading host detection
ORF3b Antagonizes IFN signaling induced by MAVS/RIG-I
Cognate Membrane Antagonizes IFN signaling through kinases TBK1/IKKe
receptors
ORF6 Antagonizes IFN by blocking nuclear import of STAT1
Nucleocapsid | Antagonizes IFN by unknown mechanism

Current Opinion in Virology 2012:26: p. 264-76



Periodo de incubacion

Exposure
to virus
Incubation period can
range from 2 to 14 days
|  teememeeeeeeeeeececececeeecescececeeeseseeeee—-- =
H NP0 EEEE
Day 1 Day 14

https://multimedia.scmp.com/infographics/news/china/article/ 3047038 /wuhan-virus/index.html



P (symptomatic)
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IRA: periodos de incubacion

Cumulative percentage of cases developing symptoms
Rhinovirus
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Cronologia de eventos desde el inicio de la sintomatologia

Onset Admission
Dyspnoea
Acute respiratory
distress syndrome
Intensive care
unit admission
Days
7
< »
8
a P
9
< P
105
< P
Median time
41 41 21 11 16
(100%) (100%) (51%) (7% (9%)
Number of cases

www.thelancet.com Published online January 24, 2020 https://doi.org/10.1016/S0140-6736(20)30183-5



Covid-19: dinamica de replicacion viral
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SARS-CoV-2: dinamica de replicacion viral

A Nasal Swabs . B Throat Swabs
- Patient s Patient
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NEJM February 19, 2020 DOI: 10.1056/NEJMc2001737



Covid-19 y gestacion

Patient1 Patient 2 Patient 3 Patient 4 Patient§ Patient 6 Patient 7 Patient 8 Patient9 n (%)
Clinical characteristics
Date of admission Jan20 Jan 25 Jan27 Jan26 Jan27 Jan27 Jan 28 Jan29 Jan30 29.88
Age (years) 33 27 40 26 26 26 29 28 34
Gestational age on admission 37 weeks, 38 weeks, 36 weeks 36 weeks, 38 weeks, 36weeks, 36 weeks, 38 weeks 39 weeks,
2 days 2day 2 days 1day 3days 2days 4days
Epidemiological history Yes (exposure  Yes(contact Yes(contact Yes(exposure Yes(exposure Yes(contact Yes(contact Yes(contact Yes(exposure Q(100%)
to relevant with with to relevant to relevant with with with to relevant
environment)* infected infected environment)* environment)* infected infected infected environment){
person) person) person) person) person)
Other family members affected No Yes Yes No No Yes No Yes No 4(44%)
Onset to delivery (days) 1 6 4 3 1 4 2 2 7
Complications Influenza None Gestational ~ Pre-eclampsia  Fetaldistress  None PROM Fetal PROM
hypertension distress
Signs and symptoms €=
Fever on admission €= No Yes No Yes Yes Yes Yes Yes Yes 7 (78%)
Post-partum fever Yes Yes Yes Yes Yes No No No Yes 6 (67%)
Myalgia No Yes No No Yes Yes No No No 3(33%)
Malaise No No No No Yes Yes No No No 2 (22%)
Rigor No No No No No No No No No 0
Cough Yes Yes Yes No No Yes No No No 4 (44%)
Dyspnoea No No No Yes No No No No No 1(11%)
Sore throat No No No No No Yes Yes No No 2 (22%)
Diarrhoea No No No Yes No No No No No 1(11%)
Chest pain No No No No No No No No No 0

www.thelancet.com Published online February 12, 2020 https://doi.org/10.1016/S0140-6736(20)30360-3



Covid-19 y gestacion/laboratorio clinico

Laboratory characteristics

White blood cell count 615 5.07 8.78 7.63 934 5.57 10-61 9.96 7.08

(x 10° cells per L)

Low or normal leukocyte count Yes Yes Yes Yes Yes Yes No No Yes 3 7(78%)
(<9-5x10° cells per L)

Lymphocyte count (x 10° cells perL)  1.59 0-56 0-46 2.83 0.69 0.66 0.-87 1.53 1.47

Lymphopenia (<10° cells per L) No Yes Yes No Yes Yes Yes No No =2 5(56%)
C-reactive protein concentration 203 14-4 334 33 28.2 18.2 NA 62 249

(mg/L)

Elevated C-reactive protein (>10 mg/L) Yes Yes Yes No Yes Yes NA No Yes —3p 6(75%)F
Elevated ALT (>45 U/L) or AST Yes No Yes Yes No No No No No 3(33%)
(>35UML)

ALT (U/L) 2093 9 62 54 18 14 6 16 12

AST (U/L) 1263 24 71 67 24 23 15 2 21

Confirmatory test done (SARS-CoV-2  Yes Yes Yes Yes Yes Yes Yes Yes Yes 9(100%)
quantitative RT-PCR)

www.thelancet.com Published online February 12, 2020 https://doi.org/10.1016/S0140-6736(20)30360-3



Covid-19 y gestacion/laboratorio clinico

Patient1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8 Patient 9 n (%)
(Continued from previous page)
CT evidence of pneumonia
Typical signs of viral infection Yes Yes Yes Yes Yes Yes No Yes Yes 8 (89%)
Delivery
Method of delivery C-section C-section C-section C-section C-section C-section C-section C-section C-section
Indication for C-section Severely Mature; History of Pre-eclampsia; Fetal distress;  Historyof =~ PROM; Fetal PROM;
elevated ALT  COVID-19 C-section CovID-19 CoviD-19 stillbirth COvID-19 distress; COVID-19
orAST; pneumonia  (x2); pneumonia pneumonia (x2); pneumonia COVID-19  pneumonia
COovID-19 COVID-19 COVID-19 pneumonia
pneumonia pneumonia pneumonia
Treatment after delivery
Oxygen support (nasal cannula) Yes Yes Yes Yes Yes Yes Yes Yes Yes w3 9(100%)
Antiviral therapy Yes Yes Yes No No No Yes Yes Yes —_— 6 (67%)
Antibiotic therapy Yes Yes Yes Yes Yes Yes Yes Yes Yes - 9 (100%)
Use of corticosteroid No No No No No No No No No 0

PROM=premature rupture of membrane. NA=not applicable. ALT=alanine transaminase. AST=aspartate transaminase. COVID-19=2019 novel coronavirus disease. C-section=caesarean section. SARS-CoV-2=severe acute
respiratory syndrome coronavirus 2. *Exposure to Hankou, the area in Wuhan where the epidemic was first detected. TA university where the patient works, and a gathering of people. $Data missing for one patient.

www.thelancet.com Published online February 12, 2020 https://doi.org/10.1016/S0140-6736(20)30360-3



Covid-19 y gestacion/recién nacidos

Patient1 Patient2 Patient3 Patient4 Patient5 Patient6 Patient7 Patient8 Patient9 n(%)
Gestational age atdelivery 37 weeks, 38weeks, 36weeks 36weeks, 38weeks, 36weeks, 36weeks, 38weeks 39 weeks,

2 days 3days 2 days 1day 3days 2 days 4 days
Birthweight (g) 2870 3730 3820 1880 2970 3040 2460 2800 3530
Low birthweight No No No Yes No No Yes No No 2 (22%)
(<2500 Q)
Premature delivery No No Yes Yes No Yes Yes No No 4(44%)
Apgar score (1 min,5min) 8,9 9,10 9,10 8,9 9,10 9,10 9,10 9,10 8,10
Severe neonatal asphyxia No No No No No No No No No
Neonatal death No No No No No No No No No
Fetal death or stillbirth No No No No No No No No No

www.thelancet.com Published online February 12, 2020 https://doi.org/10.1016/S0140-6736(20)30360-3



Resumen de sintomas en seis pacientes

Patient1 Patient 2 Patient 3 Patient 4 Patient§ Patient7
Relationship Motherof patient 3 Fatherofpatient3 Daughterof Son-in-law of Grandson of Mother of patient 4
patients1and2  patientsland2  patients1and2 in Shenzhen
Age (years) 65 66 37 36 10 63
Sex Female Male Female Male Male Female
Occupation Retired Retired Office worker Architect Student Retired
Chronic medical illness Hypertension; Hypertension None Chronic sinusitis None Diabetes
benign intracranial
tumour treated by
gamma knife
Interval between symptom onset and arrival at Wuhan 5 (hospital 6 4 (hospital 3 NA NA
(days) exposure) exposure)
Interval between admission to hospital and symptom onset 7 6 9 10 NA 7
(days)
Presenting symptoms and signs
Fever = - - + - +
Cough +(dry) +(dry) - +(productive) - +(dry)
Generalisedweakness + - - - - -
Nasal congestion - - + - - -
Rhinomhoea - - - + - -
Sneezing - - - + - -
Sore throat - - + - - -
Pleuritic chest pain - - + - - £
Diarrhoea - - +(3days, +(4 days, - -
5-6 timesperday)  7-8 times per day)

www.thelancet.com Published online January 24, 2020 https://doi.org/10.1016/S0140-6736(20)30154-9



Tratamientos y resultados

Allpatients (n=41) ICUcre(n=13) NolCUcare(n=28) pvaluve

Duration from illness onset 7-0 (4-0-8-0) 7-0 (4-0-8-0) 7-0 (4-0-8.5) 0-87
to first admission
Complications
Acute respiratory distress 12 (29%) 11 (85%) 1(4%) <0-0001
syndrome
RNAaemia 6 (15%) 2 (15%) 4 (14%) 0-93
Cycle threshold of 35-1(34-7-351) 351(351-351) 34-8 (34-1-35-4) 0-3545
RNAaemia
Acute cardiac injury* 5 (12%) 4 (31%) 1(4%) 0-017
Acute kidney injury 3 (/%) 3(23%) 0 0-027
Secondary infection 4 (10%) 4(31%) 0 0-0014
Shock 3 (7%) 3(23%) 0 0-027
Treatment
Antiviral therapy 38 (93%) 12 (92%) 26 (93%) 0-46
Antibiotic therapy 41 (100%) 13 (100%) 28 (100%) NA
Use of corticosteroid 9 (22%) 6 (46%) 3 (11%) 0-013
Continuous renal 3 (7%) 3(23%) 0 0-027
replacement therapy

www.thelancet.com Published online January 24, 2020 https://doi.org/10.1016/S0140-6736(20)30183-5



Tratamientos y resultados

All patlents (n=41) ICUcare(n=13) NolCUcare(n=28) pvaluve

Duration from illness onset 7-0 (4-0-8-0) 7-0 (4-0-8-0) 7-0 (4-0-8.5) 0-87
to first admission
Oxygen support - - - <0-0001
Nasal cannula 27 (66%) 1(8%) 26 (93%) -
Non-invasive ventilationor 10 (24%) 8 (62%) 2 (7%)
high-flow nasal cannula
Invasive mechanical 2 (5%) 2 (15%) 0
ventilation
Invasive mechanical 2 (5%) 2 (15%) 0
ventilation and ECOMO
Prognosis - - - 0-014
Hospitalisation 7 (17%) 1(8%) 6 (21%)
Discharge 28 (68%) 7 (54%) 21 (75%)
Death 6 (15%) 5 (38%) 1(4%)

www.thelancet.com Published online January 24, 2020 https://doi.org/10.1016/S0140-6736(20)30183-5



Patogenia y transmisibilidad

Table 1. Pathogenicity and Transmissibility Characteristics of Recently Emerged Viruses in Relation to Outbreak Containment.

Case Fatality

Virus Rate (%) Pandemic Contained Remarks

2019-nCoV~ ~2% Unknown* Unknown No, efforts ongoing

pHIN1 0.02-0.4 Yes No, postpandemic circulation and es-
tablishment in human population €——

H7N9 39 No No, eradication efforts in poultry res-
ervoir ongoing

NL63 Unknown Unknown No, endemic in human population

SARS-CoV 9.5 Yes Yes, eradicated from intermediate ani- 58% of cases result from nos-
mal reservoir ocomial transmission

MERS-CoV 344 No No, continuous circulation in animal ~ 70% of cases result from nos-
reservoir and zoonotic spillover ocomial transmission

Ebola virus (West 63 No Yes

Africa)

* Number will most likely continue to change until all infected persons recover. ~2%o

The New England Journal of Medicine, Jan 31 2020



Tasa de mortalidad

Hombres 2,8% Mujeres 1,7%
B Percentage rate

15
;
1 Z Cardiovascular 10,5
11 Diabetes 7,3
13 EPOC 6.3
8 Hipertension 6
; Cancer 5,6
5 No comorbilidades 0,9
4
3
2
1
0

Under 9 10-39 40-49 50-59 60-69 70-79 80+

Age in years

www.thelancet.com Published online January 24, 2020 https://doi.org/10.1016/S0140-6736(20)30154-9



hCoV:

respuesta
inmune

Semin Immunopathol (2017) 39:529—539 Death

Inflammatory Response to Virus Infections

Pathogenic/dysregulated inflammation

Protectlve/regul_ated inflammation

Causes: l

Robust virus replication
Delayed IFN response

TTT? Inflammatory monacyte-macrophage
and neutrophil infiltration

TTTT Proinflammatory cytokines and chemokines

Consequences:

Enhanced epithelial and endothelial cell apoptosis
Increased vascular leakage
Sub-optimal T cell and antibody responses

Impaired virus clearance

y

ALl

¥

ARDS

v

Qutcome:

l

Non-robust virus replication

Early IFN response

TT Inflammatory monocyte-macrophage

and neutrophil infiltration

TT Proinflammatory cytokines and chemokines

Minimal epithelial and endothelial cell apoptosis
Reduced vascular leakage

Optimal T cell and antibody responses

Effective virus clearance

{

Protective
immunity

'

Host
Survival
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Rubrica de la expresion de genes en I.R.A.

Rhinovirus Cohort RSV Cohort Influenza A Cohort
10 Symptomatic 9 Symptomatic 9 Symptomatic
10 Asymptomatic 10 Asymptomatic 8 Asymptomalic

N /

Sparse latent factor regression analysis on combined dataset

N L/

Table 1. Description of Experimental Cohorts
Development of 30 gene probit Corresponding
. Medi i for
sl Number Number ﬁ.ﬁgﬁg peak tagy';ni'zdrr;jc
symptomatic respiratory viral infection Cohort  exposed symptomatic symptoms (T) subjects
HRV 20 10 72 hr 72hr
RSV 20 9 1415 hr 141.5hr
Influenza 17 9 80 hr 86 hr

9

Determine predictive accuracy of 30
gene classifier on independent data set
of subjects with
NO INFECTION,
INFLUENZA INFECTION, or
BACTERIAL INFECTION

Cell Host & Microbe 6, 207-217, September 17, 2009



Gene index

Rubrica de la expresion de genes en pacientes con
IRA sintomatica: Rhinovirus/RSV /Influenza

Corresponding Gene Expression (Norm alized)

Rhinovirus

RSV Influenza
Genes unique to an individual virus factor include the following: SOCS1 (HRV) and

FCGRIA, GBP1, LAP3, ETV7, and FCGR1B (RSV).
Cell Host & Microbe 6, 207-217, September 17, 2009




SARS-CoV: antigeno en pulmon

16hrs Post-infection 48hrs Post-infection

C57BL/6

BALB/c

SARS-CoV-N
DAPI

Semin Immunopathol (2017) 39:529-539



SARS-CoV: antigeno en pulmon

s./
>

Figure posted on 03.01.2006, 08:15 by The PLOS Medicine Staff



Prospectiva de la epidemia
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https://figshare.com/articles/nCoV_Reporting_and_Control/11788932



Covid-19: casos confirmados/defunciones/
recuperados

= A .
&y Coronavirus 2019-nCoV Global Cases by Johns Hopkins CSSE
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Covid-19: Nuevos casos/recuperados

Coronavirus COVID-19 Global Cases by Johns Hopkins CSSE
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Covid-19: Nuevos casos/recuperados

Coronavirus COVID-19 Global Cases by Johns Hopkins CSSE
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SARS-CoV vs Covid-19
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Datz as of February 5, 2020

https://multimedia.scmp.com/infographics/news/china/article/3047038 /wuhan-virus/index.html



Covid-19
Mortalidad
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Covid-19: Mortalidad

2019-nCov Sars Mers Ebola
Identified: 2020 Identified: 2003 Identified: 2012 Identified: 1976

; o 3 . 3 ¥ ‘.J? .' -

Cases: 34,872 8,437 2,494 34,453

r T Py r
._f'

- il 813 858
" —atals ” . () —est el ’ . 0,
L S— Falality rate: 10% Falality rate: 34.4% Deaths:
eg s: 15,158
Fatality rate: 2% Data as of
Data as of 8 November 2019
February, 2020 Fatality rate: 43.9%

Dataas of 20
January, 2020

https://multimedia.scmp.com/infographics/news/china/article/3047038 /wuhan-virus/index.html



SARS-CoV: cambios genéticos durante la epidemia

Gene

Phase STRAIN

Animal strains SZ16
HC/SZ/63

ZS-A
ZS-B

Early isolates GZ02
B0

CUHK-W1
BJO1
Middle isolates | HZS2-A
HZSZ-F
GZ-

Epidemic Urbani

Current Opinion in Virology

Current Opinion in Virology 2011:1: p. 624-634



hCoV: dominios de union en los receptores

Spike

CEACAM1ia

Coronavirus receptor binding domains (RBDs) Current Opinion in Virology

Current Opinion in Virology 2011:1: p. 624-634



Comparasion de los dominios de union del
receptor y los dominios ST C

Human Porcine Human Human
ACE2 APN ACE2 DPP4

HCoV-NL63 PRCV SARS-CoV MERS-CoV
RBD RBD RBD RBD

Yaoqing Chen et al. J. Virol. 2013; doi:10.1128/JVI1.01756-13

This content may be subject to copyright and license restrictions. Journal of
Journals ASM . Org Learn more at journals.asm.org/content/permissions Virology



Covid-19 en células

hCoV-229E en células WI38

https:/ /www.nature.com/articles/d41586-020-00154-w
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Coronavirus: y tormenta de citoquinas

Se caracteriza la produccion de citoquinas y quimioquinas plasmaticas en la fase
aguda de la enfermedad (IL-1B, IL-1RA, IL-2, IL-4, IL-5, IL-6, IL-7, I-L8
[CXCLS), IL-9, IL-10, IL-12p70, IL.-13, IL-15, IL-17A, Eotaxina [CCL11], FGF2
basica, GCSF (CSF3), GMCSF (CSF2), IFN, IP10 (CXCL10), MCP1 (CCL2),
MIP1A (CCL3), MIP1B (CCL4), PDGFB, RANTES (CCL5), TNF- &, y VEGFA
usando una prueba Human Cytokine Standard 27-Plex Assays Bio-Plex 200
system®.

En el plasma inicial los niveles de IL-1B, IL-1RA, IL-7, IL-8, IL-9, IL.-10, basic
FGE GCSE, GMCSE, IFN- 7, IP10, MCP1, MIP1A, MIP1B, PDGE, TNF-&, y
VEGTF fueron mayores en pacientes que ingresaron o no a la UCI que en el grupo
control (adultos jévenes). Los niveles plasmaticos de IL-5, IL-12p70, IL-15,
Fotaxin, y RANTES fueron similares en adultos jévenes e infectados por
Covid-19.

Las comparaciones entre pacientes que fueron atendidos en UCI o no mostraron
que la IL-2, IL-7, IL-10, GCSE, IP10, MCP1, MIP1A y TNF & fueron mayores en
pacientes de UCI que en pacientes no-UCI.

Lancet https://doi.org/10.1016/ S0140-6736(20)30185-9



Coronavirus: y tormenta de citoquinas

Los pacientes infectados con Covid-19 tienen niveles elevados de 1L.-1B, IFN-
Y, IP10, y MCP1, lo cual muestra una respuesta celular T-helper-1 (Th-1).

Los pacientes que requirieron atencion en UCI presentaron niveles mayores
de GCSE IP10, MCP1, MIP1A y TNF & que aquellos que no requirieron
manejo en UCI, sugiriendo un posible evento de tormenta de citoquinas
asociado con la gravedad de la enfermedad.

Sin embargo, la infection por Covid-19 también presenté un incremento en la
respuesta de citoquinas T-helper-2 (e.g. IL-4 and IL-10) que suprimen la
respuesta inflamatoria en lo cual difiere con la infeccién por SARS-CoV.

Esta tormenta de citoquinas desencadenada por la infeccién por coronavirus
puede ser debida a una excesiva repliacion viral y a un sistema inflamatorio
descontrolado que puede llevar a neumonitis, ARDS, falla respiratoria,
falla organica, choque, infeccion bacteriana secundaria y potencialmente
la muerte.

Ser equieren otros estudios para caracterizar las respuestas Th1l y Th2 y aclarar

la patogénests.
Lancet https://doi.org/10.1016/ S0140-6736(20)30185-9



Tormenta de citoquinas y Covid-19

About a third of the 41 patients needed intensive care, and six of them died. Some of
the patients with more serious illnesses suffered from a dangerous immune system
overreaction called a cytokine storm, but the researchers said they still did not have a
good understanding of how the virus affects the immune system.

In view of the high amount of cytokines induced by SARS-CoV, MERS-CoV, and
2019-nCoV 1infections, corticosteroids were used frequently for treatment of patients
with severe illness, for possible benefit by reducing inflammatory-induced lung injury.
However, current evidence in patients with SARS and MERS suggests that receiving
corticosteroids did not have an effect on mortality, but rather delayed viral clearance.
Therefore, corticosteroids should not be routinely given systemically, according to
WHO 1nterim guidance.

Further studies are necessary to characterise the Th1l and Th2 responses in 2019-nCoV
infection and to elucidate the pathogenesis. Autopsy or biopsy studies would be the key
to understand the disease.

Lancet https://doi.org/10.1016/ S0140-6736(20)30185-9



Citoquinas y Covid-19
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They noted that patients infected with 2019-nCoV also had high amounts of IL-1B, IFN- Y, IP10,
and MCP1, probably leading to activated T-helper-1 (Th-1) cell responses. Moreover, patients
requiring ICU admission had higher concentrations of GCSE, IP10, MCP1, MIP1A, and TNF &
than did those not requiring I.C.U admission, suggesting that the cytokine storm was associated

with disease severity

Lancet https://doi.org/10.1016/ S0140-6736(20)30185-9



Citoquinas y Covid-19
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They noted that patients infected with 2019-nCoV also had high amounts of I_IT—1B, IFN- 7, IP10,
and MCP1, probably leading to activated T-helper-1 (Th-1) cell responses. Moreover, patients
requiring ICU admission had higher concentrations Of GCSF, 1P10, MCP1, MIP1A, and TNF &
than did those not requiring I.C.U admission, suggesting that the cytokine storm was associated

with disease severity

Lancet https://doi.org/10.1016/ S0140-6736(20)30185-9



Mediadores de la tormenta de citoquinas

Pulmonary infections
Endothelial signaling loop
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Endothelial dysfunction

+ Altered endothelial physiology
and barrier function

* Increased permeability syndrome

« Endothelial cytokine storm
initiation and amplification loop

Inflammatory responses

+ Systemic cytokine circulation

+ Sepsis Syndrome
(Hypotension and leukocytosis)

Microbiology and Molecular Biology Reviews 2012:76: p. 1632

Pulmonary fibrosis

* Recruitment of fibrocytes
* Progressive deposition of ECM

* T-cell mediated immunopathology




Tormenta de citoquinas y Covid-19

Implications of all the available evidence
2019-nCoV caused dusters of fatal pneumonia with dinical
presentation greatly resembling SARS-CoV. Patients infected

with 2019-nCoV might develop acute respiratory distress
syndrome, have a high likelihood of admission to intensive care,
and might die. The cytokine storm could be associated with
disease severity. More efforts should be made to know the
whole spectrum and pathophysiology of the new disease.

In 41 cases, higher plasma levels of IL-2, IL-7, IL-10,
GSCE, IP10, MCP1, MP1A and TNF & were found.
These data provide the rationale to potentially use CytoSorb®, the
first specifically-approved extracorporeal cytokine adsorber in the
European Union, in this setting.

Lancet https://doi.org/10.1016/ S0140-6736(20)30185-9



Comparacion clinica de 2019-nCoV/MERS/SARS

2019-nCoV* MERS-CoV SARS-CoV
Demographic
Date December, 2019 June, 2012 November, 2002
Location Wuhan, China Jeddah, Saudi Arabia  Guangdong, China
Age, years (range) 49 (21-76) 56 (14-94) 39-9(1-91)
20-01-20 Male:female sex ratio 2:7:1 331 1:1-25
7700 =-+—» Confirmed cases 835t 2494 8096
170 == Mortality 25t (2-9%) 858 (37%) 744 (10%)
Health-careworkers 161 9-8% 231%
Symptoms
Fever 40 (98%) 08% 00-100%
Dry cough 31 (76%) 47% 29-75%
Dyspnoea 22 (55%) 72% 40-42%
Diarrhoea 1(3%) 26% 20-25%
Sore throat 0 21% 13-25%
Ventilatory support 9-8% 80% 14-20%
Data are n, age (range), or n (%) unless otherwise stated. 2019-nCoV-2019 novel coronavirus. MERS-CoV-Middle East
respiratory syndrome coronavirus. SARS-CoV-severe acute respiratory syndrome coronavirus. *Demographics and
symptoms for 2019-nCoV infection are based on data from the first 41 patients reported by Chaolin Huang and
colleagues (admitted before Jan 2, 2020).* Case numbers and mortalities are updated up to Jan 21, 2020) as disclosed
by the Chinese Health Commission. fData as of Jan 23, 2020. $Data as of Jan 21, 20202

www.thelancet.com Published online January 24, 2020 https://doi.org/10.1016/S0140-6736(20)30185-9



Paradigma molecular de las infecciones virales

Contagio

Area de estudio

Interactoma

Proteonoma
Microbioma
Inmunoma
Metaboloma
Metatranscriptoma
Transcriptoma
Epigenoma

Genoma

- 4

Interacciones entre proteinas celulares y virales

Proteinas en células, tejidos u organismo

Genomas de la comunidad de microorganismos que habitan en sistemas

Perfil de respuesta inmune en el curso de la infeccion (IL, Citoquinas, IFN) o ARNm de estos.

Coleccion de todos los metabolitos en células, tejidos u organismo

Todos los ARN codificados por un grupo de microorganismos en especimenes complejos

ARNm en células, tejidos u organismo ARNm, ARNr, ARNt, ARNnc

Estructura del genoma, uniones a proteinas o ARN, estructuras alternativas de ADN, y modificaciones quimicas del ADN

Viral y del hospedero: estructura, funcion, evolucion y mapeo.




Infeccion respiratoria baja: diagnostico

e Métodos indirectos.
— Serologia (no es de utilidad clinica en I.LR.A). Su unica
aplicacion es epidemiologica.
e Métodos directos.

Toma de muestra nasofaringea (células descamativas)
— Aislamiento viral en cultivos celulares.
— Deteccién de antigenos virales.

— Biologia molecular: deteccion de genoma viral.

https://www.youtube.com/watchv=ITwGb_NJYOM

https://vimeo.com /7697631




Serologia en el diagnostico viral

Primary Infection Reactivation or reinfection

§ IgG
N\

Antibody titer

Weeks Months Years

i Periodo de i
! incubacion i Tlme

Lennette’s laboratory diagnosis of viral infections / edited by Keith R. Jerome. — 4th ed. pag 135



Fase preanalitica

* Identificacion

— Paciente: Nombre, edad, género.

— Del médico solicitante: nombre, mail, fax.

— De la muestra: fecha, hora, tipo de espécimen.
* Transporte

— Rapido +++

— Medio de transporte (VIM).

— Recipiente estéril

e (Conservacion antes de analisis

— 22 6°C, -70°C.



Efecto citopatico Covid-19

HAE: Human airway epithelial
B HAE-CPE

Human airway epithelial cells
CPE: lack of cilium beating
Vero EO cells
Huh-7 cell lines.

DOI: 10.1056/NEJM0a2001017
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Métodos convencionales de diagnostico virolégico:
inmunoftluorescencia

Indirect technique DirﬁtCChﬁique

Y

RSV-3Mo-Ab RSV-Three Mol-Ab

Journal of Clinical Virology 25 (2002) 121-134



IFI: deteccion de virus respiratorios

Manual of Clinical Microbiology-2015



Inmunohistoquimica: Hantavirus en pulmon

Manual of Clinical Microbiology-2015



Inmunocromatografia de flujo lateral

3
o
cC A
Sample Label Capture Absorbent ID Tape
Pad Pad Membrane Pad
(Zone)

Traditional rapid diagnostics, such as immunoassays, produce quick results and
are simple to perform; but, have sub-optimal sensitivity

Fields Virology 2013, Volumen 1 pag 418



Deteccion de anticuerpos

Detection signal *** W

Métodos i) —*

o “‘ e
Fluorescencia Substrate conjugated**

Detector (or secondary)
Antibody

«—— Tlarget (or primary)
Antibody

«—— Capture Antigen

Capture Antigen _,, 0 on microparticle*

on solid phase*

b

Advanced Techniques in Diagnostic Microbiology. Antibody Detection: Principles and Applications. 2013



Virus respiratorios: diagnostico molecular

Easyplex Respiratory Pathogen 12 Ausdiagnostics, Sydney, Australia
FilmArray RP BioMérieux, France

MultiCode®-PLx EraGen Biosciences, Madison,

WI, US
Fast Track Diagnostics Respiratory Fast Track Diagnostics,
Pathogen 33 Luxembourg
eSensor RVP XT-8 / ePlex GenMark Diagnostics, Carlsbad,
CA, US
CLART PneumoVir 2 Genomica, Coslada, Spain
AdvanSure™ RV LG life science, Seoul, Korea

Luminex Molecular Diagnostics,
Toronto, Canada

Pathofinder, Maastricht,

xTAG® Respiratory Viral Panel fast

RespiFinder® SMART 22 Netherlands
ResPlex Il Panel v2.0 Qiagen, Germany
Magicplex™ RV Panel Real-time Test Seegene Inc., Seoul, Korea
Anyplex Il RV16 Seegene, Seoul, Korea

Revue Francophone Des Laboratoites. DECEMBRE 2016 - N°487 // 25-34



RdRp_SARSr-F

GTGARATGGTCATGTGTGGCGG

Covid-19: diagnostico molecular rt-RT-PCR

Use 600 nM per reaction

RdRp_SARSr-P2

FAM-CAGGTGGAACCTCATCAGGAGATGC-BBQ

Specific for 2019-nCoV, will not detect
SARS-CoV.

Use 100 nM per reaction and mix with P1

RdRP gene
Pan Sarbeco-Probe will detect 2019-nCoV,
RARP_SARST-P1 FAM-CCAGGTGGWACRTCATCMGGTGATGC-BBQ SARS \Cov and Bat SARS related Covs.
Use 100 nM per reaction and mix with P2
RdRp_SARSr-R CARATGTTAAASACACTATTAGCATA Use 800 nM per reaction
E_Sarbeco_F ACAGGTACGTTAATAGTTAATAGCGT Use 400 nm per reaction
E gene E_Sarbeco_P1 FAM-ACACTAGCCATCCTTACTGCGCTTCG-BBQ Use 200 nm per reaction
E_Sarbeco_R ATATTGCAGCAGTACGCACACA Use 400 nm per reaction
N_Sarbeco_F CACATTGGCACCCGCAATC Use 600 nm per reaction
N gene N_Sarbeco_P FAM-ACTTCCTCAAGGAACAACATTGCCA-BBQ Use 200 nm per reaction
N_Sarbeco_R GAGGAACGAGAAGAGGCTTG Use 800 nm per reaction

Falsos negativos
* Espécimen no representativo

* Manipulacion.
* Transporte.

Fase inicial infeccion

Euro Surveill. 2020;25(3):pii=2000045. https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045




Covid-19: posicion relativa de amplicones
rt-RT-PCR
Detection of 2019 novel coronavirus (2019-nCoV) by

real-time RT-PCR

Victor M Corman?, Olfert Landt2, Marco Kaiser?, Richard Molenkamp3, Adam Meijer4, Daniel KW Chu®, Tobias Bleicker?, Sebastian

Briinink?, Julia Schneider?, Marie Luisa Schmidt?, Daphne GJC Mulders3, Bart L Haagmans3, Bas van der Veer4, Sharon van den
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Berlin, Germany
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Euro Surveill. 2020;25(3):pii=2000045. https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045



Genodmica

Community of cells

Genome
Chromosomes

Living cell

Molecular machine

By This SVG image was created by Medium69.Cette image SVG a été créée par Medium69.Please credit this : William Crochot - http://www.ornl.gov/sci/
techresources/Human_Genome/primer_pic.shtml, Public Domain, https://commons.wikimedia.org/w/index.phpcurid=36425663



Table 1 Examples of Molecular Testing Modalities and Clinical Applications

Utilidad de las pruebas moleculares

Clinical questions

Examples of testing modalities

Test requirements

Clinical utility examples

Is the patient infected?

What is the viral load?

What is the genotype?

Is this virus resistant to a
drug or are there
clinically significant
mutations?

Qualitative PCR/RT-PCR, multiplexed
PCR, other amplification-based
technologies, oligonucleotide array
microchip

Quantitative PCR/RT-PCR based tests

Line probe, genotype-specific multiplex
PCR, restriction fragment length
polymorphism, PCR followed by
informative region DNA sequencing

Amplification followed by DNA sequencing
of the region of interest. Line probe
assays. Mutation-specific PCR
probes[KJI] Oligonucleotide
ligation-based assays

Very high sensitivity and specificity for all
the virus strains tested

Sensitivity requirement dictated by clinical
decision-making cutoffs. Requires good
precision and accuracy; equal
amplification efficiency for all virus
strains tested; absence of unwanted
cross-reactivity.

Adequate genome sampling for confident
genotypes assignment. Sensitivity to
mixed genotypes/recombinants

Coverage of all known primary and
compensatory resistance mutations for
a given target or drugs of interest.
Sensitivity to resistant/mutated
subpopulations

Blood component testing, diagnosis of
viral meningitis/encephalitis, diagnosis
of respiratory viral disease, HCV
infection status in patients with
anti-HCV core Ab

Decision support for initiation and
monitoring of antiviral therapy.
Monitoring of disease activity and
treatment efficacy

Prognosis of disease progression and
response to therapy. Epidemiologic
surveillance

Determination of drug resistance profiles,
determination of core/precore mutation
status in HBV

Lennette’s laboratory diagnosis of viral infections. 4th Edition pag 61



Diagnostico 2019-nCoV

Patient1 Patient2 Patient3 Patient4 PatientS Patient?7

Interval between sample 7 6 o 10 NA 7
collection and symptom onset
(days)
Conventional RT-PCR
Nasopharyngeal swab
RdRp + + ND + ND +
Spike + + ND + + +
Throat swab
RdRp NA NA ND ND ND +
Spike NA NA ND + + +
Serum
RdRp ND ND NA NA NA NA
Spike ND - NA NA NA NA
Plasma
RdRp NA NA ND ND ND NA
Spike NA NA ND ND ND NA
Urine
RdRp ND ND ND ND ND NA
Spike ND ND ND ND ND NA
Stool
RdRp NA NA ND ND ND NA
Spike NA NA ND ND ND NA

DOI: 10.1056/NEJMo0a2001017



Diagnostico 2019-nCoV

Real-time RT-PCR (spike gene) - - - - - -
Nasopharyngeal swab +(Ct31) +(Ct27) ND +(Ct31) ND +(Ct27)
Throat swab NA NA ND ND +(CE40)  +(Ct33)
Sputum NA NA NA NA +(CEZ7)  +(Ct25)
Serum ND +(Ct40) NA NA ND NA
Plasma NA NA ND ND ND ND
Urine ND ND ND ND ND NA
Stool NA NA ND ND ND ND

FilmArray RP2 plus ND ND ND ND ND ND

(nasopharyngeal swab only)

Xpert Xpress Flu/RSV ND ND ND ND ND ND

(nasopharyngeal swab only)

FilmArray Gl panel (fascal NA NA ND ND NA NA

sample only)

Ctvalues for real-time RT-PCR presented in parentheses. Ct=cycle threshold. NA=not available. +=positive. ND=not

detected. RdRp=RNA-dependent RNA polymerase. RP2=respiratory panel 2. Flu=influenza. RSV =respiratory syncytial
virus. Gl=gastrointestinal.

DOI: 10.1056/NEJMo0a2001017




nCoV humano en China

17-01-2020

Los signos y sintomas clinicos informados son principalmente fiebre, con algunos
casos con dificultad para respirar y radiografias de térax que muestran infiltrados
neumonicos invasivos en ambos pulmones.

Las autoridades nacionales informan que los pacientes han sido aislados y estan
recibiendo tratamiento en las instituciones médicas de Wuhan.

Segun la investigacion epidemioldgica preliminar, la mayoria de los casos trabajaban en
o eran manejadores y visitantes frecuentes al mercado mayorista de mariscos de
Huanan.

El gobierno informa que no hay evidencia clara de que el virus se transmita facilmente
de persona a persona.



454 casos para el 17-02-2020
BEUA evacua 300 ciudadanos de ellos 14 casos positivos

https://www.businessinsider.com/wuhan-coronavirus-japan-cruise-ship-diamond-princess-quarantined-cases-2020-2

3.711 personas atrapadas en un barco crucero “The Diamond Princess”
luego de que fueran detectados 11 casos de infeccion por 2019-nCoV. La
fuente: un pasajero que desembarcé en Hong Kong



nCoV humano en el mundo.

https://nextstrain.org/ncov



nCoV humano en el mundo.

Phylogeny This phylogeny shows evolutionary relationships of viruses from the novel coronavitug I LAYOUT
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nCoV humano en el mundo.

This phylogeny shows evolutionary relationships of viruses from the novel coronavirus
(nCoV) outbreak. All samples are highly related with at most seven mutations relative to a
common ancestor, suggesting a shared common ancestor some time in Nov-Dec 2019. This
indicates an initial human infection in Nov-Dec 2019 followed by sustained human-to-human
transmission leading to sampled infections.

We observe clustering of related infections in Zhuhai, Foshan, Shenzhen and Paris. So far, all
of these clusters are noted as "family cluster infection". This represents clear direct human-to-
human transmission within a house-hold. We do not yet see clear evidence in the phylogeny
for communitv spread outside of Wuhan .
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Covid-19: casos
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Covid-19: riesgo de importar el virus.
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https://systems.jhu.edu/research/public-health/ncov-model-2/



Covid-19: aeropuertos con mayor namero de
viajeros provenientes de China

2015: Travel data

https://systems.jhu.edu/research/public-health/ncov-model-2/



Coronavirus y enfermedad

The World Health Organisation (WHO) says that while wearing a medical
mask can help to limit the spread of some respiratory diseases, it is not
enough to stop all infections.

The best precautions are the usual everyday ways of avoiding germs. Wash
your hands frequently, try not to touch your face, avoid crowded places
and try to maintain a metre distance from other people.

The WHO also only advises using masks if you have respiratory
symptoms such as coughing or sneezing, mild coronavirus-like
symptoms ot are caring for someone suspected of having a coronavirus
infection

DOI: 10.1056/NEJMc2001468



Covid-19: mascaras

Coronavirus
»/ 0.12 microns diameter

O :..“..... o

Surgical mask N95 mask
diameter filtration diameter filtration
capacity (2-10 microns) capacity (0.3 microns)

Strand of human hair:
15 microns in diameter

Usually the virus travels through droplets during sneezing or coughing. The vast
majority of the droplets are less than 100 microns (0.1mm) across.

https://multimedia.scmp.com/infographics/news/china/article/3047038 /wuhan-virus/index.html



Covid-19: mascaras

SSRIEN

Surgical Masks N95

Surgical masks are designed to prevent large particle droplets passing from one
person's mouth to other people and nearby surfaces, impeding mouth-borne germs
from spreading meanwhile the respirator N95: protects the wearer from breathing
particles measuring over 0.3 microns in diameter. When fitted correctly they filter 95
per cent of airborne particles

https://multimedia.scmp.com/infographics/news/china/article/3047038 /wuhan-virus/index.html



2019-nCoV: mascaras

Key Points

* Question Is the use of N95 respirators or medical
masks more effective in preventing influenza
infection among outpatient health care personnel in
close contact with patients with suspected respiratory
illness

* Findings In this pragmatic, cluster randomized

clinical trial involving 2862 health care personnel,
there was no significant difference in the incidence
of laboratory-confirmed influenza among health
care personnel with the use of N95 respirators (8.2%)
vs medical masks (7.2%).

* Meaning As worn by health care personnel in this
trial, use of N95 respirators, compared with medical
masks, in the outpatient setting resulted in no
significant difference in the rates of laboratory-
confirmed influenza.

JAMA. 2019;322(9):824-833. d0i:10.1001 /jama.2019.11645



Covid-19: mascaras

Don’t pull down your
mask. It needs to

stay put to avoid
contamination
7 ’(
C : .'Q;"
oronavirus may ' .
survive a few hours
| ‘ Do not touch the
A ‘- front of your mask
“yf : when you take it off
.r//

On average, people
touch their face 23
times per hour

https://multimedia.scmp.com/infographics/news/china/article /3047038 /wuhan-virus/index.html



Covid-19: mascaras

- QO Virus
TN .
W . 4
Droplets can travel farther and in ‘/%/ //,}, S~
unpredictable paths affected by wind | ‘:/y‘ °d, .
and other external factors 7. o 281 5
LAY o Yeaks Wearing poorly fitted
;\L WA ) or damaged masks in
NN ) enclosed spaces in
| RS VA close proximity to
< & contagious

Using the same mask longer than
a day is worse than not wearing a
mask at all: secretions from your
mouth and nose coat the inside of
the mask and turn it into a breed -
ing ground for bacteria

Leakage occurs around the
edge of the mask, secure
both sides

DOI: 10.1056/NEJMc2001468



Manejo

* No specific antiviral agent is available for treatment of this
infection, and there 1s no vaccine.

* Treatment is supportive and includes supplemental oxygen
and conservative fluid management, as indicated by clinical
condition.

* WHO provides detailed guidance on such supportive
measures and cautions that severely ill patients should be
treated empirically for other possible causes while diagnostic
test results are pending.

https:/ /www.elsevier.com/connect/ coronavirus-information-center



Covid-19: Opc1ones terapéuticas

Genomic organization of 2019-nCoV
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Remdesivir (GS-5734)

De Clerck. Nature Reviews Drug Discovery. Febraury 2020
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Proteasa 2019-nCoV

Kaletra: Lopinavir + Ritonavir + IFN
En modelos animales

https://figshare.com/articles/Compatative_model_of_novel_coronavirus_2019-nCoV_protease_Mpro/11752752



RpRd-nsp12 polymerase -HCoV
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Manejo

Clinical management of severe acute respiratory
infection when novel coronavirus (nCoV) infection is
suspected

Interim guidance
12 January 2020

T4, World Health
WHOInCoV/Clinical/2020.1 :

%Y Organization

https:/ /www.who.int/docs/default-soutce/coronaviruse/ clinical-management-of-novel-cov.pdfsfvrsn=bc7da517_2&download=true



Inmunizacion pasiva

* Administracion de plasma de pacientes convalecientes
recuperados.

* Uso en cuatro casos aislados de pacientes con infeccion
severa.

* Mejora en la oxigenacion y pO,
* Utilizado en Ebola sin mayor éxito.

* (Cual es el mejor momento para tomar el plasma de
pacientes convalecientes para obtener los mejores titulos
protectores y neutralizantes?

https:/ /www.france24.com/fr/20200218-coronavirus-pr%C3%A8s-de-1-900-morts-l-oms-contre-toute-mesure-disproportionn%C3%A9%e



Uso de corticoides y SARS

Los pacientes que recibieron corticoides fueron mas propensos a
requerir ventilacion mecanica, vasopresores y terapia de
reemplazo renal.

No hay diferencia en la mortalidad en tratados y no tratados con
corticoides a 90 dia de seguimiento.

Quienes recibieron corticoides demoraron mas en eliminar el
virus de las secreciones respiratorias.

Quienes recibieron corticoides presentaron mayores viremias,
mayores tasas de infeccion bacteriana o fungica secundaria.

En saco de infecciones por VRS se observa una respuesta
inmune humoral alterada

https://www.france24.com/ fr/20200218-coronavirus-pr%C3%A8s-de-1-900-morts-l-oms-contre-toute-mesute-disproportionn%%C3%A9%



Medidas de control de infecciones

Provide the patient with a face mask and place the patient in a
closed room (preferably with structural safeguards against
airborne transmission).

Persons entering the room should follow

standard, contact, and airborne precautions.

Patients managed at home are encouraged to self-isolate to a
single area of the house (preferably with a separate bathroom)
and to wear a face mask during any contact with household
members.

The patient and all household members should follow
dilicent hand and cough hygiene.

https:/ /www.elsevier.com/connect/ coronavirus-information-center



Prevencion: tiempos de respuesta para una vacuna
por plasmidos

2003
SARS coronavirus

7 20moj~y

2006
Influenza A/Indonesia/2006 (H5)

11mo

2009
Influenza A/California/2009 (H1)

4mo ==

2016
ZIka virus

325 mol "

\J

Time From Viral Sequence Selection to First Phase 1 Clinical Trial, mo

JAMA April 10,2018 Volume 319, Number 14 1431-2



Estrategias vacunales: proteina S

Vaccine 32 (2014) 3169-3174

Contents lists available at ScienceDirect = )
\/acc ine

Vaccine
5 ':g. n

o5

Lo = ".
FIL.SEVIER journal homepage: www.elsevier.com/locate/vaccine

Purified coronavirus spike protein nanoparticles induce coronavirus @Cmssmk
neutralizing antibodies in mice

Christopher M. Coleman?!, Ye V. Liu®!, Haiyan MuP®, Justin K. Taylor?, Michael MassareP,
David C. Flyer®, Gregory M. GlennP®, Gale E. Smith®!, Matthew B. Frieman®*!

a University of Maryland, School of Medicine, 685 West Baltimore St, Baltimore, MD 21201, USA
b Novavax, Inc. 22 Firstfield Rd, Gaithersburg, MD 20852, USA

Nature Immunology | VOL 20 19 | JANUARY 2018 | 20-28 | www.nature.com/natureimmunology



Nuevas tecnologias vacunales

Antigen discovery

Isolation of human
monoclonal antibodies
from single B cells

Sequencing for viral diversity
and escape mutations

10 120 120 140 150 160
CTGCATCTGATACTGGCAMGC T TGAGTCTCGTAGAGGEGEETAGIATTCCAGGTG

Epitope-specific B cell Sequencing B cells to define clonal lineages;

¢ TCR-and BCR-specific transcriptome
RNA
Structural analysis
cDNA of antigenic sites
on viral surface
Ig gene RT-PCR glycoproteins

¥ X
IgM Igl (x or X)
) ————

¢Expression‘L
vector

Co-transfection or
development of stable cell
line for antibody production

Modeling

Small-animal and
primate models

i

Assay development
Mechanisms of immunity

Correlates of protection

Candidate vaccine

Immunogen design and delivery

Knowledge of viral entry and
mechanisms of neutralization

X

Single-cell analysis
Epitope-specific
phenotyping
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Gene-based delivery including mRNA, Pre-approved adjuvants
DNA and vectored approaches and delivery devices
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Nature Immunology | VOL 20 19 | JANUARY 2018 | 20-28 | www.nature.com/natureimmunology




Vaccinologia sintética

Surveillance and discovery
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Virus-infected person
from new outbreak
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Isolation of virus and extraction
and sequencing of genome
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Synthetic vaccinology

Digital transfer
of information

Historical knowledge
about viral biology
and structure

Understanding
antigenic targets
and basis for immunity
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Synthesis of key genes encoding
vaccine antigens and other reagents

Nature Immunology | VOL 20 19 | JANUARY 2018 | 20-28 | www.nature.com/natureimmunology




N

Kit de diagnoéstico multiple IRA

Viruses Parainfluenza 1

Adenovirus Parainfluenza 2
Coronavirus HKU1 Parainfluenza 3
Coronavirus NL63 Parainfluenza 4
Coronavirus 229E Respiratory Syncytial Virus
Coronavirus OC43

Human Metapneumovirus Bacteria

Human Rhinovirus/Enterovirus Bordetella pertussis
Influenza A Chlamydophila pneumoniae
Influenza A/H1 Mycoplasma pneumoniae
Influenza A/H3

Influenza A/H1-2009

Influenza B J

FDA-cleared for the first time. |

http:/ /www.biofiredx.com/media/InfoSheet-FilmArray-Respiratory-



Are you ready?



