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• Epidemiology aims to study the distribution, determinants, and causes of 
health-related problems in order to prevent and control them effectively.

• Molecular Epidemiology integrates the use of techniques and fundamentals of 
molecular biology (characterization of nucleic acids and amino acid content), 
for the study of the distribution (time and place) and determining factors 
(transmission, manifestations and progression) of the occurrence of a disease

Molecular Epidemiology 

Background and definitions
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Molecular Epidemiology 

Molecular bases of change:

From the DNA to the proteins 

Genomic changes Protein changes
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Molecular Epidemiology 

“Influenza viruses only present minor 
antigenic variation during interepidemic 
period”  



Molecular Epidemiology 

• Why does pandemic severity vary?
• Why do pandemics now occur at shorter 

intervals?
• Whence come the pandemic variants 

and how thy arise?



Molecular Epidemiology 

• Observation at molecular level:
Antigen vs Antibody interaction 

• Differences in neutralization may 
impact severity of outbreak 



Genomic Epidemiology 

First attempts to sequence DNA/RNA

• Robert Holley, 1965: tRNA

• Walter Fiers, 1972: Coat protein gene MS2

• Frederick Sanger, 1977:  developed the first 
DNA sequencing method that utilized 
radiolabelled partially digested fragments 
called “chain termination method

https://www.google.com/url?sa=i&url=https%3A%2F%2Fregi.tankonyvtar.hu%2Fhu%2Ftartalom%2Ftamop425%2
F0011_1A_Molekularis_medicina_en_book%2Fch03.html&psig=AOvVaw1_IGA1jFopnfulw9Up5sWc&ust=163259
8317871000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCPic4e2smPMCFQAAAAAdAAAAABAJ



Genomic Epidemiology 

By Aimin Yang, Wei Zhang, Jiahao Wang, Ke Yang, Yang Han and Limin Zhang - [1] doi:10.3389/fbioe.2020.01032, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=101041189



Genomic Epidemiology 

Genomic epidemiology studies have 
provided information about infectious 
diseases: 
• causality
• pathogenesis
• circulation patterns 
• transmission
• prevention
• therapy  



Genomic Epidemiology 

Genomic epidemiology studies have 
provided information about infectious 
diseases: 

• causality
• pathogenesis
• circulation patterns 
• transmission
• prevention
• therapy  



Antecedentes Virus 
Chapare en Bolivia

• Dic 2003 – Ene 2004
• Conglomerado de casos de fiebre 

hemorrágica cerca al Rio Chapare en 
Cochabamba, Bolivia

• 1 Caso fatal confirmado (hombre de 22 
años, cultivador de coca)
• Sin contacto conocido con otros casos

• Clínica: fiebre, dolor de cabeza, signos 
múltiples de hemorragia

• Muerte 14 días después de inicio de síntomas

• Por secuenciación, se confirma un virus 
nuevo: Chapare



Brote de Fiebre hemorrágica 
en Bolivia, 2019



OPS/OMS

- Arroz  (en Guanay existen 57 pequeños centros de acopio)  - Café - otros
- Caranavi a Guanay – 2 horas.

Características geográficas del área de exposición de los 
casos con probable transmisión zoonótica

Dr. Joao Toledo; Dra. Alison Paredes, 
OPS/PHE



Lab test case 4&5
Started → ongoing

Diagnóstico NWA, Bolivia 2019

CDC, Atlanta
Special Pathogens Branch



Lab test case 4&5
Started → ongoing

Diagnóstico NWA, Bolivia 2019

CDC, Atlanta
Special Pathogens Branch

Different virus that 2002

New World Arenavirus was 
described: Chapare-2019
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Genomic Epidemiology 

By comparing the genome sequencer of a particular pathogen between severe, fatal or drug resistant 
cases, it is possible to find out if there is any difference between genomes and identify genetic markers 
involved 

• New type of methicillin-resistant Staphylococcus 
aureus (MRSA) was identified to cause community-
acquired  MRSA with high fatality rate (Baba et al., 
2002)

• Comparison of whole genomes from fatal cases and 
mild cases demonstrated 7 genomic islands 
responsible for the increased pathogenicity 



Genomic Epidemiology 

DENV-2 Asian genotype has been associated to increased risk of Hemorrhagic manifestation 

American genotype (V)

American/Asian genotype (IIIb)

Introduction and replacement around 
the end of 80’s coinciding with the 
first hemorrhagic cases in Colombia
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Genomic epidemiology studies have 
provided information about infectious 
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• causality
• pathogenesis
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24

Nuevo Virus diferente al 

SARS Co-V

2012: MERS CoV







https://3.bp.blogspot.com/-
S2EhY2APzVo/VXguXJhLBUI/AAAAAAAAD_A/yR0GgXn2qx4/s1600/Korea-MERS-
Hospitals-and-cases_10JUN2015.png

Propagación MERS CoV

https://3.bp.blogspot.com/-S2EhY2APzVo/VXguXJhLBUI/AAAAAAAAD_A/yR0GgXn2qx4/s1600/Korea-MERS-Hospitals-and-cases_10JUN2015.png
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Li Q et al. N Engl J Med 2013. DOI: 10.1056/NEJMoa1304617 

H7N9: First 82 Patients by Province in China 

2013: Influenza aviar A(H7N9)



Source:Source: Publically released infections in Disease Outbreak News ( http://www.who.int/csr/don/en/

(http://www.who.int/csr/don/en/) ) or Human-Animal Interface Monthly Report

(http://www.who.int/influenza/human_animal_interface/en/

(http://www.who.int/influenza/human_animal_interface/en/) ).

* Avian influenza A(H7N9) virus infections of humans reported in mainland China, Hong K ong, Macao, and Taiwan.

Distribución geográfica del linaje asiático Infecciones por virus de la influenza aviar A (H7N9) 
en humanos informadas a la Organización Mundial de la Salud – China (1 de octubre de 2016 
al 7 de agosto de 2017)

2013: Influenza aviar A(H7N9)



American-African (V)

South Pacific

Asian

320 E gene sequences

DENV-1 Phylogeny

Santiago 2014, unpublished



DENV-1
American-African 
genotype
(American sequences)

Central American-North American lineage
(2005-present)

Caribbean and South American lineage
Puerto Rico 2010 epidemic
(~ 1994 – present)

Caribbean and South America
Puerto Rico epidemics (1994-1995 and 1998)

Early American isolates (1980s)

Point of lineage 
divergence
1998?

Santiago 2014, unpublished

Amino acid changes
V55I conservative EDII

M297T non-conservative EDIII



DENV-1 Central American lineage

Key West, Florida

Nuevo Leon, Mexico



Mexico

Nicaragua

Costa Rica

United State of America

Florida

G.A. Santiago 2013

introduction

autochthonous

Santiago, 2014 unpublished







https://www.gisaid.org/phylodynamics/global/nextstrain/

> 3,645,340 sequences submitted to GISAID



54 / 56 Countries and Territories have 
detected at least 1 VOC (September 20)

Alpha = 49

Beta = 25

Gamma = 40 

Delta = 52

Country/Territory Alpha Beta Gamma Delta

Anguilla Yes No No Yes

Antigua and Barbuda Yes Yes Yes Yes

Argentina Yes Yes Yes Yes

Aruba Yes Yes Yes Yes

Bahamas Yes No Yes Yes

Barbados Yes No Yes Yes

Belize Yes No Yes Yes

Bermuda Yes Yes No Yes

Bolivia Yes No Yes No

Bonaire Yes No Yes Yes

British Virgin Islands Yes No Yes Yes

Brazil Yes Yes Yes Yes

Canada Yes Yes Yes Yes

Cayman Islands Yes Yes Yes Yes

Chile Yes Yes Yes Yes

Colombia Yes No Yes Yes

Costa Rica Yes Yes Yes Yes

Cuba Yes Yes No Yes

Curacao Yes Yes Yes Yes

Dominica Yes No No Yes

Dominican Republic Yes No Yes No

Ecuador Yes No Yes Yes

El Salvador Yes No Yes Yes

Falkland Islands Yes Yes No No

French Guiana Yes Yes Yes Yes

Grenada Yes No No Yes

Guadeloupe Yes Yes Yes Yes

Guatemala Yes yes Yes Yes

Guyana No No Yes yes

Haiti Yes No Yes Yes

Honduras Yes No Yes Yes

Jamaica Yes No No Yes

Martinique Yes Yes Yes Yes

Mexico Yes Yes Yes Yes

Montserrat Yes No Yes Yes

Panama Yes Yes Yes Yes

Paraguay yes No Yes Yes

Peru Yes No Yes Yes

Puerto Rico Yes Yes Yes Yes

Saba No No No Yes

Saint Barthélemy Yes No No No

Saint Kitts and Nevis No No No Yes

Saint Lucia Yes No No Yes

Saint Martin Yes Yes No No

St Vincent and the Grenadines No No Yes Yes

Saint Pierre et Miquelon No No No Yes

Sint Maarten Yes Yes yes Yes

Suriname Yes Yes Yes Yes

Trinidad and Tobago Yes No Yes Yes

Turks and Caicos Yes No Yes Yes

United States of America Yes Yes Yes Yes

Uruguay Yes Yes Yes Yes

Venezuela Yes No Yes Yes

Virgin Islands (US) Yes Yes No Yes

Detection, Verification and Risk Assessment (DVA) Team, PAHO



PAHO Region 

Regular update on variants at PAHO Region 

Dashboard developed by PAHO-IMST



Regular update on variants at PAHO Region 



• Strengthen genomic surveillance in the Region through the PAHO 
Genomic Surveillance Network is a Priority

• Important gaps in sequencing capacity:
• Too expensive

• Sustainability (do we need sequencing in each country?) 

• Requires specific expertise 

• Shipping of samples: expensive / customs and exportation process is difficult 

• Screening protocols may complement the surveillance

Challenges… 

SARS-CoV-2 Genomic Surveillance Network



• Standardized strategies remain a challenge:  Sequencing vs. Genomic 
surveillance  
• The concept of “molecular epidemiology” should be integrated in surveillance 

systems

• Clear surveillance objectives:  contact tracing, circulation patterns, clusters in 
specific population, changes in pathogenesis… 

• Surveillance is not only to detect VOI/VOC (political pressures…)

Challenges… 

SARS-CoV-2 Genomic Surveillance Network



PAHO-IMST 

Emerging Viruses 

Laboratory Response Team

Gracias!!


