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Relative risk distribution of (zoonotic) emerging
infectious diseases
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The diagnostic challenges posed by emerging

infectious diseases

- Viruses evolve quickly. As such primers need to be regularly
updated. But how?

- For novel viruses, which primers to use?

- For some diseases (respiratory and brain infections), so many
targets to cover.

- Viral load might be low.

- There is an urgent need to explore novel diagnostic approaches.
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Next-generation sequencing for (emerging) infectious
disease diagnosis: the principle
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Case study #1

September 16" 2016
A previously healthy 16-year-old boy in Southern Vietnam suddenly developed
fever, back pain, diarrhea and limb weakness

September 18 2016
Admitted to our hospital for tropical diseases in Ho Chi Minh City with high
fever, neck stiffness and flaccid paralysis of 4 limbs. {

Acute cerebrospinal fluid (CSF) lab results:
* Pleocytocis

* Normal glucose

* Normal lactase

* Elevated protein

Open Forum Infectious Diseases, 2017
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Initial laboratory investigations

Routine diagnosis A
8 All negative

Gram stain

Bacterial culture

Cryptococcal antigen test (LFA)

Acid-fast bacilli examination l m
| CSF

Herpes simplex virus PCR

Plasma
* NS1 Dengue Urine
* Japanese encephalitis virus IgM Rectal swab

Enterovirus RT-PCR
Dengue RT-PCR
Zika RT-PCR
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Viral metagenomics results

Rectal
swab

Clinical Infectious Diseases

Article Navigation

No of reads 550,644 597,032 754

Pathogen Not found  Not found ~ Not found Was the detection of JEV in urine just a contamination?

olcf{pathosehieads i iotdon=H oddon =l iNotdons Japanese Encephalitis Virus RNA Not Detected in Urine
(e

Hui Zhao = B, Yu-Guang Wang, Yong-Qiang Deng, Ke-Yu Song, Xiao-Feng Li, Hong-Jiang Wang,
Chao-Min Zhu, E-De Qin, Cheng-Feng Qin

Clinical Infectious Diseases, Volume 57, Issue 1, 1 July 2013, Pages 157-158,
https://doi.org/10.1093/cid/cit169
Published: 26 March 2013
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Additional JEV testing Japanese encephalitis virus (JEV)

* Vaccine: Available

* >50,000 cases annually

plasma Urine CSF Serum  Urine

* No antiviral drug available

JEV IgM ELISA Neg Neg ND Pos Pos ND « Mortality/sequelae: >40%
Deep Sequencing | Neg Neg Pos ND ND ND * ‘Gold standard’ for diagnosis:
JEV RT-PCR Neg Neg Pos ND ND Neg = CSF IgM: late sample/convalescent
= CSF PCR (not useful)
* JEV was responsible for the cause of paralysis. * Can urine be useful for early JEV diagnosis?

« 9t November 2016: transferred to rehab hospital, marked with
weakness of all limbs.
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Aetiology
* Unknown in ~50% of the patients

386 [ i vt st it

materials for mNGS analysis*
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52 samples
seras 10, rasabteont swab: S stocks = 101 G595

number of samples
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random amplification using 3
viral-specic primer set
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viral sequences detectian by an in-house bioinformatic
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i
viral PCR confirmation
of MINGS rasults

| number of samples |
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Metagenomics results: an overview

492 samples / \

i viral reads

5 MiSeq runs

i bacterial reads

human DNA
sequences

& unclassified
sequences
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Frequency of 22 viruses detected in 54 (14%) of 386
patients
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Anh NT et al. JCM in press
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Human Pegivirus 2 (HPgV-2)

[ PLOS | oo mNGS result of the patient’s plasma

Discevery of & Novel Human Pegivirus in
Blood Associated with Hepotitis € Vinus Co

Infection
oax
(s20/66,223)
« 17%in HEV infected individuals
The infected patient: 07%
{428/66,223)

* Gender: male

+ Age:29

Admitted on 15 June 2015
Discharged: 27 June 2015
28-day outcome: survival =HCY = HIV

HPgv2
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Human Pegivirus 2 (HPgV-2)

TFPLOS | rvec

Discovery of  Novel Hunan Pegivins in
Blood Associated with Hepatitis € Virus Co-
Infection

of Viremia F ies of|
a Novel Human Pegivirus by Using
Bioinformatic Screening and PCR

A Novel Human Pegivirus, HPgV-2 (HHpgV-1), Is Tightly
Associated With Hepatitis C Virus (HCV) Infection and
HCV/Human Immunodeficiency Virus Type 1 Coinfection

* 1.82% HCV positive in blood transfusion and
hemophilia cohorts
+_long term viremia up 5.4 years

= 3.47% in HCV/HIV coinfection individuals

Ml
oucru w.

Frequency of HPgV-2 detection in HCV/HIV
coinfection in Vietnam

HCV/HIV HIV Healthy Hcv HAV HBV
coinfection infection volunteers infection infection infection

5/79 0/78 0/80 0/394 0/71 0/103

(6.3%) (0%) (0%) (0%) (0%) (0%)

Suggestion of biological dependence of HPgV-2 on HCV/HIV
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HPgV-2 persistence in patients with HIV/HCV

coinfection
Sample 1| Sera collected | Sera collected 5":_:::';;‘““ Sera collected
P after 14 days | after 6 months after 18months
months
1 negative NA NA NA
2 NA positive positive positive
3 NA positive positive positive
4 NA positive positive positive
5 NA positive positive negative
6 NA positive negative negative
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Genetic relationship between Vietnamese HPgV-2 and
global strains

= Vietnam
== United States

United of Kingdom Human pegivirus 1
== China
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Human pagivirus 2
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Anh NT et al. EID 2018
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In summary

HPgV-2 is tightly associated with HCV and HIV infection. BUT...
1. How does it interact with HCV/HIV (e.g. treatment response) in co-infected
patients (the clinical significance)?
2. What are the underlying biological factors determining the association

between HPgV-2 and HCV/HIV?

Urine sample can be useful for early diagnosis of Japanese encephalitis virus

Next-generation sequencing can be a sensitive pan-pathogen assay for clinical
diagnosis, especially cases of unknown cause, and therefore is an ideal method for

EID. BUT its clinical sensitivity and specificity remains unknown.

Metagenomics vs routine diagnosis in patients with brain
infections: an ongoing prospective study
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Patient sample  m—

Bio-markers
(proteomics)
. J y
Single metagenomics test Multiple routine assays
* Pathogen detection * Gram stain
« AMR characterization vs|* Rapid test
(whole genome * Bacterial culture
sequencing) * Viral PCRs

Transmission and spread
Sample size: 750 patients (~36 months; 2017 — 2020)

Setting: Hospital for Tropical Diseases, HCMC, Vietnam

A patient with a severe infection of unknown cause in Vietnam and
some parts of Asia
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“If you want to go fast, go alone.
If you want to go far, go together.”
African proverb




