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MENU
APERITIF: Some general themes on Emerging Viral Infections

STARTERS: A collection of fresh parapoxviruses, arenaviruses, 
kolmioviruses and filoviruses detected with genus-specific primers, 
metagenomics & bioinfo

MAIN COURSE: Emerging flaviviruses (spiced with some other 
arboviruses) in mosquitoes and ticks detected with genus- and species-
specific RT-PCRs or metagenomics and dressed with ARTIC-based 
sequencing, intra-host variation & phylogenetic analyses

DESSERT: Mink and foxes with highly pathogenic avian influenza



The future of infectious diseases as predicted in the past

• “The future of infectious diseases will be very dull”
Macfarlane Burnet, F. & White, D. O. 1972 Natural History of Infectious Disease p263 (Cambridge Univ. Press, 1972).

• “There would be scant role for infectious disease specialists in the next century, unless 
they would spend their time culturing one another”

          Robert Petersdorf, 1986   President of the American Association of Medical Colleges , in Review of Infectious Diseases 8, 478-87



Required for viruses to (re-)‘emerge’

1) Introduction  - Pathogen (or its variant)
• Crossing species or geographical borders

2) Suitable conditions
• Species distributions, density, contacts; 

climate, lack of immunity, susceptibility

to severe sympotms

3) Lack of control measures
• Dg, therapy, vaccines, resources, prioritization



EMERGING ZOONOTIC VIRUSES AND HOST-SWITHCES

• hantaviruses
• arenaviruses

•

• rodents, 

insectivores

• lyssaviruses
(rabies)

• filoviruses

• large mammals

arboviruses

man

• HIV

arthropods

• ?

vertebrates

• bunyaviruses
• flaviviruses

• alfa viruses

• primates

• birds

• influenza A virus

• bats

• SARS-CoV-2

• poxviruses

host-switches

-domestic

animals

• wildlife 

host-switches



Emerging viral infections

• global threats/pandemics – regional and local 
epidemics

 

• megatrends increasing new viral zoonoses, 
epidemics and pandemics:

globalisation- tourism - urbanisation –changes in land 
usage/ environmental (incl. climatic) changes  /changes 
in animal husbandry

 - Modern diagnostic methods help to identify

• Only a fragment of viruses known – though only some pose 
threats:

Human 
viruses

NGSequencing
& bioinfo



• Pan-genus RT-PCR primers (conserved regions) 

• Metagenomics / Bioinfo: Virome. – (‘anything’)

• Serology – reflects structural relatedness (usually more conserved 
relatedness than with primers)

• Cell culture –  (anything that infects your cells)

- Diseases looking for a virus
- Clinical hints, pathology, epi?
- Association, causation?

- Virus looking for a disease association
- Related to pathogens? Pathogenic determinants? Epi?

Emerging viruses

- Tools for detection

Morse ea, Lancet 2012

Mitigation, 
Control

Prevention



–

                             STARTERS

    parapoxviruses, arenaviruses, kolmioviruses and filoviruses

  from veterinary patient and field samples



– also in winters 2014-15 & -no samples for further research
• 2021-22 hundreds of trotters sick 2-4 d after latest race: Painful 
pastern dermatitis (severe lameness), out of training 1-2 weeks

Human 
USA

parapox

parapox

sqiuripox

New contagious disease in horses 2013, pathology suggests 
Poxviridae → pan-orthopox -  ; pan-parapox+  

Photo: Courtesy of Katja Hautala

No isolate, more sequence of 
and sensitive RT-PCR for
’Equine parapoxvirus’ EqPPV

- Risk factor for outbreaks at stables (1/3 
of horses affected): having race horses, 
race events before the disease (p <.001) Virtanen J Gen Virol 2023

•’infectious pastern dermatitis’ in trotters 
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Figure

→ EqPPV represents a novel parapoxvirus

 CPXV, cowpox virus; CRV, crocodilepox virus; DPV, deerpox virus; EMCLV, equine molluscum contagiosum-like virus; EqPPV, equine 
PPV; FWPV, fowlpox virus; MOCV, molluscum contagiosum virus; MPXV, monkeypox virus; MsEPV, melanoplus sanguinipes 
entomopoxvirus; MYXV, myxoma virus; ORF, open reading frame; PPV, parapoxvirus; SPPV, sheeppox virus; SQPV, squirrelpox virus; 
SWPV, swinepox virus; VACV, vaccinia virus; YMTV, yaba monkey tumor virus.

Virtanen J, et al. Emerg Infect Dis. 2023;29

121 kb of Equine parapoxvirus genome
(skin lesion of an infected horse)

- Strong seroresponse to two recombinant
proteins → serology (IFA)

Osadebe et al
CID 2015

Likely a globally
Occuring
Zoonosis ?

Jenni Virtanen

DNA pol gene

Early TF

Paula Kinnunen



BOID INCLUSION BODY DISEASE

Fatal disease of captive boid snakes

Recognized in1970s 

Early signs:regurgitation, anorexia, tremors

➔ nervous system disorders: disorientation, 

➔ corkscrewing of head & neck, 

unnatural positions, ’stargazing’

Pathology: inclusion bodies (IBs)

200 nm

Hetzel et al JV 2013
Bodewes JGV 2013
Stenglein mBio 2012

A virus is found and
causes the disease !?

UDO HETZEL

JUSSI HEPOJOKI

Hartmanivirus



Metagenomics: Viromes of boas with CNS signs → HDV-like satellites - Deltaviruses and other Kolmioviridae

Hepatitis D virus –like viruses, several new genera in
Kolmioviridae

Previously only known to be human & use HBV
envelope to spread are actually
- Widespread satellites in animal taxa

HDVs

Kolmiovirids
-Viruses in search of 
disease associations?

Brain Liver

Liver

Spleen

Kidney Lung

Wille et al, Viruses 2018

2019

Bergner  et al, PNAS 2021

- Can use envelope proteins of many helper viruses

Antibody 
to rec D-ag

– no hepadna (HBV-like) viruses  found!



-> people have searched and found more…

Kolmiovirids
-Viruses in search of 
disease associations?



Ebolavirus-epidemics/cases since 1976 / CDC            

Ebolavirus -species:
Zaire
Bundybugyo
Sudan
Taï Forest
Reston –Filippiinit/apathogen

2013-16
28646/11323†

Kuhl and Pöhlmann, Zoonoses Public Health, 2012

Reservoir in (fruit) bats?

Screenining bat species at 

Taita Hills, Kenya

López-Baucells, Rocha, et al 

2017. Barbastella.



Bat filoviruses: new candidate pathogens (?)

*

*Large outbreaks; a)Genus-specific pan-filo RT-qPCR (Jääskeläinen JCV 2019) + Illumina NGS + b) Lazypipe (Plyusnin Virus Evol 2020)

b

a

Kareinen EID 2023

Lauri Kareinen

Kris Forbes
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                             MAIN COURSE

 Emerging flaviviruses and some other arboviruses in patients         
samples, mosquitoes and ticks



Zika virus circulation (8/2016)

-2007   2007 --

Travelers as sentinels of global emergence (Zika)



Zika virus circulation(8/2016)
S America

2015-

Oceania

2013-4

Africa 48-

SE-Asia 66-
Yap

 07

-2007   2007 --



DENV-suspicion:
pan-flavi-RT-PCR +
urine +  (serum -)
→ ZIKV Korhonen Eurosurv 2016

Maledives

June 2015

-2007   2007 --

Guatemala

Nov 2015

ZIKV in 
pregnant 
female?
pan-flavi-
RT-PCR* + 
→ZIKV
Driggers NEJM 2016

ZIKV 2015 infections in Finnish travelers

S AMerica

2015-

Oceania

2013-4

Africa 48-

SE -Asia 66-
Yap
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Severe fetal brain

damage

•ZIKV isolated from

fetal brain

•ZIKV in maternal

blood

ZIKV →

Micro-

cephaly
Rasmussen

NEJM 2016 

S America

2015-

Oceania

2013-4

Africa 48-

SE-Asia 66-
Yap

 07

*

*) Moureau VBZD 2007



ZIKV intrahost variation in the mother → placenta → fetal brain
Aa differences to other Guatemalan ZIKV-strains

Driggers R et al NEJM 2016

M Q Aa 1021 :  K   
 •  Maternal blood
 •  All other strains

•  Fetal brain  
•  Placenta

- Another, convergent mutation from
microcephalic brain (Mlakar NEJM 2016) reported
to have similar NS1 phenotype (Wang et al Sci Rep 2017)

→ Hindbrain organoid infection 
→ Transciptomics: Similar cytokine induction as in 

pregnant mothers with ZIKV and fetal damage (vs 
ZIKV only) 

Smura et al, unpublished

Decreased NS1 
dimer stability

HexamerDimer

Watterson 

Antiviral Res 2016

At 62°C
• Cell culture

infectious clone

D Musso et al. N Engl J Med

Single patient sample isolates/tissue distribution/intrahost 
sequence variation → Information on causality and pathogenesis



RNA Virome of 9 Ochlerotatus Species 

in Finland   Truong Nguyen PT et al, 2022

Culverwell et al, 2020
The mosquitoes of Finland: updated 

distributions and bionomics

52466 specimens

1031 collections

-> 43 mosq. species

159 virus species in 25 families, 147 tentatively new species
From 91 pools comprising 16-60 adult females of  Oc. cantans, Oc. caspius, Oc. communis, Oc. diantaeus,
Oc. excrucians, Oc. hexodontus, Oc. intrudens, Oc. pullatus and Oc. punctor/punctode

Plyusnin I, et al, 2020

Novel NGS pipeline for 

virus discovery from a 

wide spectrum of hosts 

and sample types

https://www.helsinki.fi/en/p

rojects/lazypipe

Ilja Weinstein 

Lorna Culverwell

Cell culture

Eili Huhtamo

https://sciprofiles.com/profile/1704117
https://www.helsinki.fi/en/projects/lazypipe
https://www.helsinki.fi/en/projects/lazypipe


I. ricinus and persulcatus virome shows presence of a 
new pathogen to Europe

2019

segmented

NSP2 (NS3-like)

FLAVIVIRIDAE

• Alongshan-virus also in Europe, very
similar to Chinese strains
• TBE suspects –> no Alongshan RNA/Abs 
N= 900, Finland

CHINA: ALONGSHAN is human PATHOGEN

(TBE-like disease)

EUROPE: ALONGSHAN PRESENT IN TICKS, 

- no evidence in HUMANS 
Eurosuveillance 2019

Also in cattle, sheep

Also in Germany (Lower Saxony, antibodies in 

game and domestic animals, 1 RNA + deer), 

Ebert et al Microorganisms 23



Tick-borne encephalitis virus
Genus Orthoflavivirus, Family Flaviviridae

1-2 % †

-Virus occurs typically in foci, suitable
climate enhances transmission via co-feeding 

Foto:
Heikki Henttonen



Tick-borne encephalitis, TBEV

• often biphasic

• 1st phase: 1(-3) weeks after bite, 
”flu-like”, mild – patients viremic

~ 1 week

• 2nd phase: CNS infection

• Case-fatality in Europe < 2%

• Diagnosis: antibodies in serum or CSF

Holzmann, Vaccine 2003

Transmission: tick bite (1-2% TBEV+ in risk areas)
or unpasteurized milk

serum and CSF

TBEV RNA found in - 1st phase sera/blood, 
in brain in lethal cases, occasionally in 
CSF/2nd phase

For more ->'One Health’ samples:
Ticks (e.g.0,2-2%), Animals: (e.g. rodent brain)

Antibodies to :
-Viral envelope protein: 
vaccine and infection
-NS1 :
(only) infection
(Albinsson 2018, 2024)

IgG avidity



~1/10 of rodent brains
TBEV-RNA positive, also in winter

~1/200 of ticks positive

In some foci that we have researched

Pos. samples → RNA -> Illumina NGS sequencing  
→ Bioinformatics → Full TBEV genome → Phylogenetic analysis



: 7/639 RNA+ 2016-17
crowd resourcing ticks

0/80 ticks

Espoo

Jollas

Isosaari

Sipoo

TBEV arrival and spread in Helsinki 41y

37y

*) TBEV-RNA in ticks or rodents or
TBEV-antibodies in rodents

TBEV circulation* observed locally

No cases, no TBEV circulation observed

>2 cases

>2 cases AND TBEV: circulation* observed locally

TBEV full genomes,

Phylogeny and molecular clock

Denmark

Estonia

Slovenia

DE/CZ

•VERY FOCAL

•NO GEOGRAPHIC CONTINUITY

•LONG BRANCH LENGTH TO 
THE CLOSEST RELATIVE

- Compatible with occasional
establishment of airborne foci

SMURA YM, EMERG MICROB 

& INFECT 2019, 1: 675-683



Finland

Europe: TBEV phylogeny (full-genome + E)
+ “pending” sequences from some countries

Germany

Slovenia

‘Everything is everywhere’

1 HEALTH FIELD SAMPLES
COMPLEMENT CLINICAL SAMPLES
TO UNDERSTAND SPREAD OF TBEV

RADIATION OF TBEV- Eur
650-700 Years ago Smura et al

In preparation
EVD-LabNet collaboration

mutation rate 2.32 x 10^-5 
[95%HPD 1.76-2.90 x 10-5]



–

                             DESSERT

     Highly pathogenic avian influenza in mink and foxes



FINLAND/ Fur farms
H5N1 HPAI

Passive surveillance (by farmers) initially
identified 32 farms H5N1 + by PCR 

Active surveillance by serology, 
additional 42/392 farms (3 mink farms) + 
identified

- Some farms pelted the animals
before surveillance samples were
collected
-Animals culled also after positive
serology

Passive surveillance Active surveillance

Observed black-headed gulls 2023          FFA/Birdlife Finland

Jul Aug Sept Oct

Finnish Food 
Administration:
H5 HPAI in 2023in

Wild birds

Fur farms

Tarja Sironen
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5 farms studied by UH (animals N=428)

††

†††
Extra animals
In freezer

• ”Rapid” sampling: AIV RNA positive samples/ total studied
3.95% (3/76) in rectal swabs (foxes)
10.52% (8/76) in respiratory swabs
8,4% (19/224) in brain aspirates (6 only in brain, different set of 
farms). 

(1 +  for both )



HPAI H5N1 clade 2.3.4.4b – genotype BB 
5/2022 
onwards

Agüero et al
Mink outbreak, Spain
Oct 2022

Finland
Oct 2023

Finland
Summer-Autumn 2023 
– ancestor in March

Finland
Terns,  Kittiwakes 2023

2.3.4.4b  BB-CLADE: 462 viruses

Lytic necrosis of liver Antigen detection in the brain (mink) HE stain (brain)

Mutations/PB2: T271A (7 BLUE FOX)
M535I (3 BLUE FOX)
E627K (15/16 MINK,
2/82 FOX)



–

                       TAKE-HOME (doggy-bag)

      • Studies of weird clinical cases and clusters as collaborations of clinical and 
research and vet/hum public health laboratories essential (although regulations and 
funding gaps makes this more challenging) for etiology as well as active surveillance 
for alert and (early) alarm

• As human societies grow in size and complexity, we create an endless variety of 
opportunities for genetically unstable infectious agents to emerge into the unfilled
ecologic niches we continue to create. 

• Science will surely bring us many life-saving drugs, vaccines, and diagnostics; 
however, there is no reason to think that these alone can overcome the threat of ever
more frequent and deadly emergences of infectious diseases. 
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Vosoughi et al, Science 2018
126 000 tweets studied 2006-2017 (3M people  > 
4.5M retweets)

False news reached more people than the truth;
 • the top 1% of false news cascades →1000 -100,000 people, • 
truth rarely diffused to more than 1000 people.

 • Falsehood also diffused faster than the truth. 

The degree of novelty and the emotional reactions 
may be responsible for the differences observed.


