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Prediction is very difficult, especially about the future.  

Niels Bohr



HIV/AIDS

Two years from recognition of disease to identification of the causative agent.

Science. 1983 May 20;220(4559):868-71.

Isolation of T-lymphotropic retrovirus from a patient 

at risk for acquired immune deficiency syndrome 

(AIDS).

Barré-Sinoussi F, Chermann JC, Rey F, Nugeyre MR, Chamaret S, 

Gruest J, Dauguet C, Axler-Blin C, Vézinet-Brun F, Rouzioux C, 

Rozenbaum W, Montagnier L.

Science. 1984 May 4;224(4648):500-3.

Frequent detection and isolation of cytopathic 

retroviruses (HTLV-III) from patients with AIDS and at 

risk for AIDS.

Gallo RC, Salahuddin SZ, Popovic M, Shearer GM, Kaplan M, 

Haynes BF, Palker TJ, Redfield R, Oleske J, Safai B, et al.

Pneumocystis Pneumonia --- Los Angeles

In the period October 1980-May 1981, 5 young men, all active homosexuals, were

treated for biopsy-confirmed Pneumocystis carinii pneumonia at 3 different

hospitals in Los Angeles, California. Two of the patients died. All 5 patients had

laboratory-confirmed previous or current cytomegalovirus (CMV) infection and

candida mucosal infection.

Morbidity and Mortality Weekly Report (MMWR)
Weekly | June 5, 1981 | 30(21);1-3

Epidemiologic Notes and Reports Possible Transfusion-Associated

Acquired Immune Deficiency Syndrome (AIDS) -- California

CDC has received a report of a 20-month old infant the from San Francisco area

who developed unexplained cellular immunodeficiency and opportunistic

infection. This occurred after multiple transfusions, including a transfusion of

platelets derived from the blood of a male subsequently found to have the

acquired immune deficiency syndrome (AIDS).

Morbidity and Mortality Weekly Report (MMWR)
Weekly | December 10, 1982 | 31(48);625-9



Borna

Detection of serum antibodies to Borna disease virus in patients with psychiatric disorders

10 May 1985 | Vol 228, Issue 4700 | pp. 755-756 | DOI: 10.1126/science.3922055

R. ROTT, S. HERZOG, B. FLEISCHER, A. WINOKUR, J. AMSTERDAM, W. DYSON, AND H. KOPROWSKI

Abstract

Borna disease virus causes a rare meningoencephalitis in horses and sheep and has been shown to 

produce behavioral effects in some species. The possibility that the Borna virus is associated with 

mental disorders in humans was evaluated by examining serum samples from 979 psychiatric patients 

and 200 normal volunteers for the presence of Borna virus-specific antibodies. Antibodies were 

detected by the indirect immunofluorescence focus assay. Antibodies to the virus were demonstrated in 

16 of patients but none of the normal volunteers. The patients with the positive serum samples were 

characterized by having histories of affective disorders, particularly of a cyclical nature. Further studies 

are needed to define the possible involvement of Borna virus in human psychiatric disturbances.

Five years



Subtractive Cloning of BDV



Dandenong Virus

A New Arenavirus in a Cluster of Fatal Transplant-Associated Diseases
ORIGINAL ARTICLE | March 6, 2008 | DOI: 10.1056/NEJMoa073785

Palacios G, Druce J, Du L, Tran T, Birch C, Briese T, Conlan S, Quan PL, Hui J, Marshall J, Simons JF, Egholm M, Paddock CD, Shieh WJ, Goldsmith CS, Zaki SR, 

Catton M, Lipkin WI

Austin Health, Victoria

CDC

Columbia

Victorian Infectious Disease Reference Laboratory

454 Life Sciences

Gustavo Palacios

Two weeks



LuJo

Date: Fri, 10 Oct 2008 17:00:32 -0400 (EDT)
From: ProMED-mail <promed@promed.isid.harvard.edu>
Subject: PRO/AH/EDR> Undiagnosed fatalities - South Africa ex Zambia (06): WHO
UNDIAGNOSED FATALITIES - SOUTH AFRICA ex ZAMBIA (06): WORLD HEALTH ORGANISATION

*****************************************************************
On 12 Sep 2008, an office employee at a safari tour company living and working in Zambia 
underwent medical evacuation to South Africa with an as-yet unknown disease. The patient 
died in a Johannesburg hospital on 14 Sep 2008. On 27 Sep 2008, the paramedic who cared for 
the index case during her evacuation to South Africa was admitted to hospital in Johannesburg 
where he died on 2 Oct 2008. In addition, a nurse who cared for the index case in South Africa 
died on 5 Oct 2008 in Johannesburg. Laboratory analysis has been conducted in South Africa at 
the Special Pathogens Unit, National Institute for Communicable Diseases (NICD) of the 
National Health Laboratory Service. Samples have, so far, tested negative for a series of viral 
haemorrhagic fevers and other common infectious disease pathogens. Tests to identify the 
pathogen continue at the NICD in South Africa and further testing will be performed.

One week



Evolution of High-Throughput Sequencing

Ion Torrent

Illumina HiSeq X Ten Oxford Nanopore MinION

IlluminaRoche 454



Prioritization?
>2,000 Viruses Discovered/Characterized at CII Alone

Humans
Adenoviruses (1 species)

Astroviruses (4 species)

Bocaviruses (4 species)

Cosaviruses (4 species)

Enteroviruses (9 EVA, 15EVB, 8EVC, 

1EVD (EV68),1 untyped)

Dengue Virus

LuJo Virus

Orthobunyaviruses

Parvoviruses (3 species)

Phlebovirus (7 species)

Rotaviruses (1 species)

Rhabdobirus (2 species)

Rhinovirus A, C

Polyomaviruses

Fish/Reptiles/Other
Piscine reovirus (Salmon)

Clam retrovirus

Snake nidovirus

Tilapia Lake virus

Insects
Mosquito Rhabdovirus (8 species)

Mosquito Orbivirus

Mosquito Alphavirus

Mosquito Nidovirus

Mite Rhabdovirus

Insect Phlebovirus (19 species)

Insect Negevirus

Metagenomic studies of Apis mellifera

Avians
Avian Bornavirus (2 genotypes)

Avian Farmington Virus

Turkey Hepatitis Virus (4 genotypes)

Cattle Orthomyxovirus (2 species)

Cetacean Influenza Virus

Cetacean Polyomavirus

Gorilla Parvovirus

Gorilla Metapneumovirus

Hedgehog Rhabdovirus

Horse Pegiviruses

Minke Whale Astrovirus

Porcine Astrovirus

Porcine Circovirus

Porcine Picobirnavirus

Rodent Hepaciviruses and Pegiviruses

Sea Lion Reovirus

Bat Adenoviruses

Bat Astroviruses

Bat Bocaviruses

Bat Coronaviruses (35+ species)

Bat Hepaciviruses and Pegiviruses

Bat Filovirus (distant relation to 

Ebola and Marburg)

Bat Herpesviruses

Bat Paramyxoviruses

Bat Parvoviruses

Bat Polyomaviruses

Canine Hepacivirus

Canine Kobuvirus

Cattle Orbivirus (6 species)

Other Mammals



Faster, Cheaper, Easier
Sequence-Capture Based Diagnosis and Discovery: VirCapSeq-VERT



PROBE 

LIBRARY

Biotinylated oligonucleotides 

synthesized on slide

Released from slide to 

generate soluble probe pool

TARGET ENRICHMENT

Pre-capture 

amplification

End-repair, linker barcode 

ligation, size selection

Fragmented 

DNA/cDNA
Sample

Hybridization Streptavidin capture 

and pulldown

SequencingPost-capture 

amplification



BacCapSeq
Bacterial pathogens, antimicrobial resistance
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B. pertussis

K. pneumoniae

N. meningitidis

S. pneumoniae

M. tuberculosis



Innovation is Enabling Improvements in Timeliness and 
Sensitivity in Sequencing

Instrument # of Samples # of Reads Read Length Runtime

Illumina NextSeq 1000/2000 100 1.2 billion 150 nt 11h

Illumina NextSeq 500 40 400 million 150 nt 12h

Illumina MiSeq 3 25 million 300 nt 5h

Illumina MiniSeq 3 25 million 150 nt 4h

Illumina iSeq 1 4 million 150 nt 9.5h

Oxford Nanopore MinION 1 5 million 1000 nt 8h

Workflow Unbiased Capture

Extraction 1h 1h

Library preparation 6h 6h

Hybridization n/a 1h

Sequencing on MiniSeq 4h 4h

Bioinformatics analysis 8h 2h

Total turn around time 19h 14h

Sensitivity 1x 100-1000x



Abstract: The present invention provides novel methods, systems, tools, and kits for the 

simultaneous detection, identification and/or characterization of all viruses known or 

suspected to infect vertebrates. The methods, systems, tools, and kits described herein are 

based upon the virome capture sequencing platform (“VirCapSeq-VERT”), a novel platform 

developed by the inventors. The invention also provides methods and kits for designing and 

constructing of the virome capture sequencing platform.

Filed: September 19, 2016

Publication Date: September 20, 2018

Document Identifier: US 20180265935 A1

Free for 

public health 

applications

https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.commerce.gov%2Fsites%2Fdefault%2Ffiles%2Fstyles%2Ffull_width_image_700x400max%2Fpublic%2Fmedia%2Fimages%2Fbranding%2Fuspto_seal_full_color.jpg%3Fitok%3D5rfewqdV&imgrefurl=https%3A%2F%2Fwww.commerce.gov%2Fimages%2Fus-patent-and-trademark-office-uspto-logo&tbnid=elYEbQ_nuHDIrM&vet=12ahUKEwiYyLekmpz5AhXwo3IEHdoiDB8QMygAegUIARC4AQ..i&docid=9tdHy0jXDA70xM&w=700&h=347&q=ustpo%20logo&ved=2ahUKEwiYyLekmpz5AhXwo3IEHdoiDB8QMygAegUIARC4AQ


Indirect Methods for Microbe Discovery and Implication
High-Throughput Serology Using Peptide Microarrays

Synthesis in situ

3M feature density

24M features needed to tile the 

vertebrate virus proteome

Barcode
Virtual image of each array, 

peptides are printed randomly on 

each sub array, and co-ordinates 

known for each peptide.

Scanned array image after 

secondary IgG and IgM Ab binding

(Fluorescent signals)

Overlap 

images

Fluorescent signals converted to arbitrary units (data) and 

transferred to heat maps

AA 
position

ZIKV_AY63253
5

ZC1 ZC3 ZC4 ZC5 ZC7 ZC8 ZC10 ZC11 ZC12 ZC14 ZC15 CONTROL

1426
DITWEKDAEV

TG
333.25 8182.3 413.29 12659.73 2017.06 6594.73 4150.09 9488.55 3633.04 840.34 348.96 1094.96

1427
ITWEKDAEVT

GN
5929.83 65535 40686.59 65524.72 65533.86 65502.77 62587.86 65533.94 65516.8 43074.78 29062.1 2326.87

1428
TWEKDAEVTG

NS
1167.64 65500.03 21902.73 65523.24 65127.44 64648.23 63418.59 65486.87 63716.99 31907.45 21128.54 1590.4

1429
WEKDAEVTGN

SP
17833.23 63912.63 15760.5 65535 65535 65442.69 65096.3 65534.21 65518.18 62389.82 49153.83 3619.51

1430
EKDAEVTGNS

PR
30032.74 65535 60224.11 65528.73 65240.54 65050.65 62511.76 65529.66 65484.65 58686.57 39390.5 3177.84

1431
KDAEVTGNSP

RL
44195.73 65506.73 64752.4 65517.85 65249.55 65164.64 65275.14 65532.21 65535 63452.59 61976.44 3653.07

1432
DAEVTGNSPRL

D
9107.15 54122.52 24994.3 63781.27 47079.49 32032.5 32277.86 53493.7 28045.73 19244.79 13894.04 773.36

1433
AEVTGNSPRLD

V
194.26 36612.42 1403.83 60530.99 26119.84 26386.36 13440.57 29573.1 17285.55 6787.69 9720.6 756.19

1434
EVTGNSPRLDV

A
193.6 25712.89 1453.79 41425.13 16979.84 15147.67 9767.21 24949.63 12211.56 4808.66 7190.39 916.53

Data Production



Diagnosis of Zika Virus Infection by Peptide Array and 
Enzyme-Linked Immunosorbent Assay

ZIKV-NS2B-concat ELISA sensitivity comparison with 

Euroimmun anti-ZIKV IgG ELISA and ZIKV-ELISA

Average receiver operating characteristic 

(ROC) curves over 1,000 runs using the 9 

overlapping peptides identified 

(comprising 20-aa ZIKV NS2B peptide), 

with an average area under the curve 

(AUC) of 0.931

Identification of an immunoreactive

20-amino-acid ZIKV NS2B peptide



Antibodies to Enterovirus D68 in Cerebrospinal Fluid of 
Patients with Acute Flaccid Myelitis

Identification of an immunoreactive 

peptide sequence region in VP1 

protein of reference sequence entries 

for EV-A, EV-B, EV-C, and EV-D

Immunoreactivity against an EV-D68-

specific 22-aa VP1 capsid peptide in 

patients with AFM, non-AFM controls 

(NAC), Kawasaki disease controls (KDC), 

and adult CNS disease controls (AC). 



DNA isolation

Multiplex Serology Using Phage Display

peptides

Library of

T7 phage

Displayed

peptide

phage

production

cloningPCR amplification

ssDNA microarray

design

T7Select

vectors

+

Negative serum

Screening (optional)

sequencing
Repeat for

each library

(3-5 rounds)

Infected serum screening



Concordance Between Peptide Array and Granular Phage Display
Opportunities to Discriminate Between Infections With Related Viruses and Find Evidence of 

Reactivation 

Phage Display

Peptide Array

Virus Protein CASE1 CASE2 CASE3 CASE4 CASE5 CASE6 CASE7 CASE8

HHV4 BZLF1

HHV4 C M protease

HSV1 E- Protein

HHV-6A Helicase

HHV3 Large Tegument Protein

HHV3 UL32

Herpesvirus Reactivation in ME/CFS

Virus Protein Sample1 Sample2 Sample3 Sample4 Sample5 Sample6

Coronavirus

NP

GP

Convalescent COVID-19



Encephalitis in Uttar Pradesh

Vijay Bondre, 

National Institute 

of Virology, Pune



Musahar children



Agents Detected by VirCapSeq-VERT and BacCapSeq in Cerebrospinal Fluid (CSF) of 
Children with Acute Encephalitis Syndrome (AES)

Fatal (n=223) Discharged (n=283) OR 95% CI p-value

Human Herpesvirus 1 13 (5.8) 6 (2.1) 3.392 1.292 9.810 0.013

Human Herpesvirus 3 0 (0.0) 1 (0.4) 0.003 0.003 9.530 0.612

Human Herpesvirus 6 0 (0.0) 1 (0.4) 0.004 0.004 10.966 .723

Human Herpesvirus 7 0 (0.0) 1 (0.4) 0.006 0.006 17.262 0.949

Human Parvovirus 4 8 (3.6) 10 (3.5) 0.389 0.389 2.694 0.942

Human Parvovirus B19 3 (1.3) 2 (0.7) 0.626 0.626 21.181 0.152

Human Immunodeficiency Virus 10 (4.5) 11 (3.9) 0.454 0.454 2.777 0.790

GB Virus C/Human Pegivirus 11 (4.9) 15 (5.3) 0.749 0.749 4.118 0.189

Human Papillomavirus 6 (2.7) 10 (3.5) 0.362 0.362 3.028 0.884

Torque Teno Virus 8 (3.6) 10 (3.5) 0.450 0.450 3.189 0.695

Human Coxsackievirus 1 (0.4) 3 (1.1) 0.077 0.077 5.217 0.839

Hepatitis A Virus 4 (1.8) 1 (0.4) 0.844 0.844 53.399 0.077

Human Adenovirus 3 (1.3) 2 (0.7) 0.564 0.564 18.681 0.192

Mumps Virus Genotype C 5 (2.2) 6 (2.1) 0.310 0.310 3.427 0.937

Merkel Cell Polyoma 3 (13) 7 (2.5) 0.200 0.200 3.016 0.812

Gemycircularvirus 1 (0.4) 7 (.25) 0.038 0.038 1.776 0.235

Rhinovirus 0 (0.0) 1 (0.4) 0.001 0.001 3.938 0.293

Densovirus/Ambidensovirus 0 (0.0) 3 (1.1) 0.002 0.002 3.364 0.386

Norovirus 1 (0.4) 0 (0.0) 0.123 0.132 373.129 0.548

Human Picobirnavirus 1 (0.4) 0 (0.0) 0.134 0.134 379.345 0.540

Japanese Encephalitis Virus 3 (1.3) 1 (0.4) 0.446 0.446 31.185 0.271

Measles Virus/Genotype D8 1 (0.4) 0 (0.0) 0.153 0.153 432.749 0.483

Enterovirus/Echovirus 0 (.0) 3 (1.1) 0.001 0.001 1.733 0.942

Nilaparvata Lugens Reovirus 76 (34.1) 115 (40.6) 0.474 0.474 1.006 0.054

Orientia tsutsugamushi 24 (10.8) 31 (11.0) 0.419 0.419 1.354 0.349

Rickettsiae 13 (5.8) 24 (8.5) 0.416 0.416 1.758 0.701



Viral and Bacterial Capture Sequencing and Unbiased Serology  
AES CSF Samples Positive for Orientia tsugtsugamushi
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Recent/Upcoming Training Cohorts:

Liberia July 2021

Zambia September 2022

Nigeria November 2022

Mexico January 2023

Global Alliance for Preventing Pandemics
Capacity Building 

Mali Cohort June 2022 Sequencing and Serology 

• Supplies (volume purchasing)

• Computational tools and databases

A randomized double-blind controlled trial of convalescent plasma in 

adults with severe COVID-19 Max R. O’Donnell, … , Andrew Eisenberger, Walter I. Lipkin

DOI: 10.1172/JCI150646

Molecular and serological investigation of the 2021 COVID-19 case surge 

in Mongolian vaccines Dashdorj NJ, … , Lipkin WI, Mishra M

DOI:10.1101/2021.08.11.21261915

SARS-CoV-2 sequence analysis of respiratory samples collected from 

hospitalized patients during the Liberia case surge in June, 2021
Bode Shobayo, … , W. Ian Lipkin, Nischay Mishra

DOI: 10.3201/eid2712.211818

CII Collaborations (2001-)

Argentina, Australia, Brazil, Canada, Cambodia, China, 

Croatia, Democratic Republic of Congo, Ecuador, Germany, 

India, Indonesia, Israel, Kenya,  Liberia, Mali, Mexico, 

Mongolia, New Zealand, Nicaragua, Nigeria, Norway, Peru, 

Russia, Saudi Arabia, Senegal, Sierra Leone, Singapore, 

Spain, Sweden, South Africa, Taiwan, Tanzania, The 

Gambia, Uganda, Zambia, Zimbabwe

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.westhealth.org%2Farticles%2Fpage%2F2%2F&psig=AOvVaw2YtIzfng2wuqp9sMqokat6&ust=1645025027947000&source=images&cd=vfe&ved=0CAgQjRxqFwoTCIja74KCgvYCFQAAAAAdAAAAABAO


New Norwegian virus in supermarket farm salmon

Sointula, BC (April 13, 2012) Test results report 44 out of 45 farm salmon 

purchased from the Superstore and T&T markets throughout Vancouver 

tested positive for a newly identified Norwegian virus. The piscine reovirus 

weakens the fish’s heart causing Heart and Skeletal Muscle Inflammation 

(HSMI). HSMI is considered a “major challenge” in Norway infecting over 

400 farms since it’s symptoms first appeared in 1999. It has spread to the 

U.K.

Chile’s Multiexport Heads to 17-Month Low on Fish Virus Concern

Eduardo Thomson | October 11, 2011

Multiexport Foods SA (MULTIFOO), the only salmon farmer on Chile’s benchmark Ipsa index, headed for a 

17 month low on concern a virus may effect production. Multiexport retreated 4.9% to 115.09 pesos at 4:30 

pm Santiago time, the lowest price a closing basis since May 2010. The Ipsa rose 1.9%. Diario Financiero

reported that regulators detected traces of “heart and skeletal inflammation,” or HSMI, a virus among local 

farms.

Food Security: Piscine Reovirus



Food Security: Tilapia Lake Virus



Building a Global Immune System

We have the tools needed to expedite and democratize microbial surveillance and discovery

• Inexpensive, rapid, sensitive molecular methods for direct detection of microbial sequences  

local outbreak investigation and surveillance of humans and potential zoonotic sources for 
Pathogen X

• Multiplexed, granular methods for indirect detection and implication of infection through serology 

early evidence of cross species transmission of Pathogen X and insights into chronic 
diseases like ME/CFS and PASC

• Same tool kit can be used to broadly enhance biosecurity 

detect threats to the food supply and the emergence of antimicrobial resistance

Missing components

• Resources to build and sustain infrastructure for independent outbreak response and surveillance in 
low- and middle-income countries

• Commitment to sharing laboratory and clinical metadata

• International regulatory body that can facilitate clinical trials and approvals of diagnostics, drugs, 
and vaccines 


