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Arthropod-borne viruses or arboviruses

O apurtoiol eival AolwOELC TTAPAYOVTEC TToU peTadidovtal amo
apBpomnoda mov TpEPOVTOL HE LU OTIOVOUAWTWY ATTO TOV Eval
¢evioth otov aAAo. Mmtopouv va avamopayovtol oTouc LoTouc ota
apBpomnoda xwpic evdeltn acBevelac N LoTtkwv BAaBwv.

O &eviotnc-apBpomodo poAuvetal ep’ 0pou {wng amo Eva otovOUAWTO
o€ daon Latpiac. OAot ot apumnpoiot Exouv RNA yeVETIKO UALKO Kol OL
NMEPLOCOTEPOL £XOUV Eva TepiBAnua (envelope).

Yriapxouv navw armo 500 apumoiol mou taflvopouvtal avaloya LLE TV
QVTLYOVLKOTNTO TOUG.
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Current taxonomic status of some arboviruses

Current Taxonomic
Classification

Arbovirus Members

Togaviridae
Genus Alphavirus

Aura, Chikungunya, eastern equine encephalitis, Getah, Maygro, Mucambo,
Ndumu, O'Nyong-nyong, Ross River, Semliki Forest, Sindbis, Venezuelan and
Western equine encephalitis

Flaviviridae
Genus Flavivirus

Dengue, Israel turkey meningoencephalitis, Japanese B encephalitis, Kunjin,
Kyasanur Forest disease, Murray Valley encephalitis, Ntaya. Omsk
hemorrhagic fever, Powassan, St. Louis encephalitis, tick-borne
encephalitis, Uganda S, Wesselsbron, West Nile fever, yellow fever, Zika virus

Bunyaviridae
Genus Bunyavirus

Bunyamwera, Bwamba, California serogroup (La Crosse, California
encephalitis, JM Canyon), Capim, Guama, Koongol, Patois, Simbu, and Tete;
Rift Valley fever, Hantavirus (HF: Haantan, Puumala, Dobrava and Sin Nombre
related)

Genus
Nairovirus/Uukuniemi

Uukuniemi, Anopheles A, Anopheles B, Bakau, Crimean-Congo hemorrhagic
fever, Kaisodi, Mapputta, Nairobi sheep disease, Phlebotomus fever, and
Turlock; 8 unassigned viruses




Current taxonomic status of some arboviruses

Current Taxonomic
Classification

Arbovirus Members

Reoviridae
Genus Orbivirus

African horse sickness, bluetongue, and Colorado tick fever viruses

Rhabdoviridae
Genus Vesiculovirus

Cocal, Hart Park, Kern Canyon, and vesicular stomatitis viruses

Arenaviridae
Genus Arenavirus

Junin, Lassa, Machupo, and Pichinde viruses

Nodaviridae

Nodamura virus




AcBevelec amno arboviruses dlakpivovtat o€ 3
Baoka KALVIKQ cuvOpopa

e Eumupeto pe N xwpic knAtdoBAatidwdec e€avBnua, cuvbwc kahorBoug
xapaktnpa, kebaAadyia, puaiyleg, apOpadyieg

e EykedoAittda ocuyvd pe uvdnAn Bvnrotnto: mapEyxupa, MAVIYYeC kot NM
npooBaAlovtal, oTtaopol, TPOMOC, TTapAAUCN, ATIWAELO CUVTOVIOMOU, SLATAPOXEC
UVAUNG, OMIAlOG, OAAAYEC TIPOCWTILKOTNTAC, KWHO Kol Tilava VEUPOAOYLKA
eMelppota o eMWVTEC

e AlLLOPPAYLKOL TTUPETOL CUXVA HEYAANC KALVIKAC BapuTntac Kat Bvntotntag

e Qgpameia UTTOOTNPLKTLKA

* EuBOALa: Kitpwvou Tmupetov, lamwviknc EykedoaAitidog, EykedpaAititdba armo
Kpotwvec (TBE) kot véo epBoALo tou Aayyeiou os SLadopeC EVONULKES XWPEC

* Mnyxavika petpa npootaociog: DEET, mosquito bednets, pouxa

* Métpa neptBaAAovtoc




Principal medically important alphaviruses

Principal medically important alphaviruses

Virus Antigenic Vector Host Distribution
Clinical
Syndrome
Eastern equine | Encephalitis Mosquito Birds Americas
encephalitis (EEE)
Western Encephalitis Mosquito Birds North America
equine (WEE)
encephalitis
Venezuelan Febrile illness, Mosquito Rodents, Americas
equine encephalitis horses
encephalitis (VEE)

Virus Antigenic Vector Host Distribution
Clinical
Syndrome
Chikunguny (CHIK) Febrile Mosquito Primates, | India, Southeast
Africa ilness, rash, humans Asia
arthralgia
O’nyong-nyong Febrile Mosquito Primates Africa
{ONN) ilness, rash,
arthralgia
Sindbis (SIN) Febrile Mosquito Birds Nothern Europe,
illness, rash, Africa, Asia,
arthralgia Australia
Semliki Forest Febrile Mosquito Birds Africa
illness, rare

encephalitis




Principal medically important flaviviruses

Principal medically important flaviviruses

Virus Antigenic Clinical Vector Host Distribution
Syndrome

Dengue (DEN) | Febrile illness, rash, Mosquito Humans | Tropics,
hemorrhagic fever, worldwide
shock syndrome

Yellow fever Hemorrhagic fever, Mosquito Primates, | Africa, South

(YF) hepatitis humans | America

St. Louis Encephalitis Mosquito Birds Americas

encephalitis

(SLE)

Japanese Encephalitis Mosquito | Pigs, birds | India, China,

encephalitis Japan, South-

(JE) East Asia

West Nile Febrile illness Mosquito Birds Africa, Middle

East, Europe

Virus Antigenic Clinical Vector Host Distribution
Syndrome

Tick-borne Encephalitis Tick Rodent | Europa, Asia
encephalitis (TBE)
Omsk hemorrhagic Hemorrhagic fever Tick Muskrats Siberia
fever
Kyasanur Forest Hemorrhagic fever Tick Rodents India
disease (KFD) primates




Epidemiology. The flaviviruses constitute a highly diverse genus, and their
ecology is similarly varied and complex. Only the basic concepts are considered
here. The mosquito-borne encephalitis viruses (St. Louis encephalitis, Japanese
encephalitis, Murray Valley encephalitis, and West Nile viruses) exist primarily as

viruses of birds and are transmitted by Culex mosquitoes that feed readily on birds.
Humnamn

Yertehrate
Tick u'r

_J,.r"' —w—:"“-_ mosguite

5y > {} ‘xﬁ
Wﬁ?v - A

apparent infection Hemorrhagic fever
(any Mavdvivwe) (DEM, EFD, ORISE)
Febrile illness, 1ash Hemsrrhagic fver,
(DEM, W) jaundice (YF)
Encephalitis
(SLE, JEFOW, TBE, R5S5E, MVE, ROC)

Flavivirus transmission. Virus abbreviations: DEN, dengue; KFD, Kyasanur Forest
Disease; OMSK, Omsk hemorrhagic fever, WN, West Nile, YF, yellow fever; SLE, St.
Louis encephalitis; JE, Japanese encephalitis, POW, Powssan, RSSE, Russian spring-
summer encephalitis; MVE, Murray Valley encephalitis, ROC, Rocio.



Human infection with both mosquito-borne and tick-borne
flaviviruses is initiated by deposition of virus through the skin via the
saliva of an infected arthropod.

3.Diseases
Encephalitis
s tel:‘uic fever, {
Ly T

Rash possible MA

2. Spread

1. Entry - tick or mosquito
Hepatitis

4. Exit - mosquito
/ ordead end

Pathogenesis of flaviviruses.



Yellow Fever

Structure of the Yellow Fever Virus

» Spherical viruses

» Capsid, Membrane protein, and
Envelope protein

4E-Protein (dimer) > Capsid (C protein)

# Structural Protein

Protein # Houses the RNA and the viral
RNA polymerase
C-Protein » Membrane protein (prM/M)
¥* Helps the capsid pass through the

Hullmembran cell membrane.

» Nonstructural proteins (NS)

# Nonstructural protein 1 (NS1)is a
glycosylated protein found on an
infected cell's surface and is
involved in viral assembly and
release. This protein induces
protective antibodies.

¥» Nonstructural protein 5 is a viral
RNA polymerase.

Humans
inCity



Optlovtia petadoon: LOAUCPEVO KOUVOUTIL SNy
0€ N LOAUCHEVO AvBpwTo 1) TBNnKOo
Kadetn petabdoon: LOAUCUEVO KOUVOUTIL-KOUVOUTTL

jungle fever

Carlos Finlay, KouBa Walter Reed, HINA
Geography

6ut of

Mosquito larvae carried in ship’s water barrels spread the virus to the
Americas: A new cycle in South American monkeys



ErtidnuioAoyiko Bapoc kot Atayvwaon

e Adpikn 2013: 84 000—170 000 coPapEC MEPLUTTWOELC,
29000-60000 Bavartol

e Alayvwon:
RT-PCR o& mpwipa otadla Oou UTTAPXEL LaLuia

Apyotepa, opoAoyikeg dokipaoiec IgM-capture ELISA, MIA
(Microsphere-based Immunoassay) and IgG ELISA & Nab

Ye mtwpata, oY ia pe moaBoAoyo-avatopka EUPHUOTA KOl OVOOO-
LOTOXNMELD KOl KOAALEPYELEC



2uprttwpata YF

Otela paon, enmwaon 3-6 NUEPEC

MupeToc

KepaAaAyio kot puadyiec (€vtovn paylaiyio)
Dpikia Kot piyn

Nautia Kol EQLETOC

Avappwon o€ 3-4 nUEPEC, cuvNOBWC NTILA, LEPLKEC DOPEC ATIELANTLKOC
ylot tnv {wn

Emidnuiec kata katpouc oe N. Apeptkn, APpLKn O0€ AyPOTLKEC TIEPLOXEC
KoL al0TLKA KEVTPA, 80% kaAun epBoAlacol yLa ammoTport)
ETULONULWV




Oavatndopog popdn YF

Metd amnd cUvtopun BeAtiwon, To 5-15% Bupdtwy eloépyetal og pio.
TOSIKA dAoN e TTUPETO KAl (KTEPO

Kol\lako aAyoc Kol ELETOL

Mropel va epdavioTel alpoppayia amo ta patio, putn, otoua, oto
ELECLLOTAL KOLL TOL KOTIpOvVAL

Enibeivwon vedplknc Aettovpylac amo npwteivoupia ewc tAnpn ONA
LE avoupla

50% oowv elcéENBouv otV ToéLlkn daon, kataAnyouv og 10-14 nuEpEC,
EVW Ol UTTOAOLTTOL QLVOLPPWVOULV XWPLS povipo mpoBAnpata



Epyaotnploka evpnuata

e A\EVUKOTIEVIOL OTA TIPWLMA OTAOLL
* OpopPormevia
e ALOTOPOXEC TINKTLKOTNTOG

* MMoAU uPnAec tpavoapvaoesc (nmatitida, ALT>AST av umtapyel
Huokopditida)

e Kavovikn n eAaylota avénuevn ALP

e Qupatpia, petaPoAikni otEwaon, alBouptvoupia, avénuevo AsUkwua
ENY

* Oool emiBlwvouv tnVv Kpiowun eptodo, mabaivouv mvevpovia R onPn



EpuBoAlo

* YF17D

* E€aoBevnuévoc wv 10¢, aodaAéc (0.4/100.000 S/E)

* 99% avoola og 30 NUEPEC Q\Wf = #
e Agv cuviotatol o€ Bpedn KATW TwV 12 pnvwv W,Djmm .

’ ' DURING ¢ PI f;Mu’,
OE QVOOOKOTOAOTOAN , EYKUOUC

* KAvikn vooog, avooia ed” 6pou {wng
» Kootoc: 1USD, 80 million doses/year, 1.4 billion 2026
Be Wise - |

—-IHMMUMSF.[%J




Denge fever virus



AQyyELOC

* SS-RNA arbovirus (Flavivirus)

* Metabdidetau pe to female Aedes aegypti/albopictus (SiaBi8aotrig), reservoir
omovOUAWTA (wa , 0 AvOpwWIOC TUXALOC EEVIOTNAC

* Ta kouvouria apoU poAuvdouv ypetalovtal 14 nUEPEC Lo vl yivouv UETOOOTLKA
* 4 serotypes (DEN-1,2,3,4)

AUKOTPWTELVN TMEPLBANLATOC

DEN-1 & 3 1o oteva oxetl{opevol

DEN-4 oxetileto AlyOTEPO PE TOUC UTTOAOLITOUC TUTTOUC

Noilpwén pe kaBe opotumo npoodeEpeL avooia ed’ 6pou (WNAC

MNopodik dLactaupoUpevn tpooTtacia o€ AAAOUC 0POTUTIOUC

OAol oL opotuToL pmopet va tpokaAEoouv Bavatngdopo vooo

50% tou Maykoopou MAnBuopou ekteOeLpevo, ePPOALO o€ EVONULKEG TIEPLOXEC (9-

45 eTwv)-390 ek AoLUwEELS, 96 €K KAWVLKA EUPAVELC

ATIOTEAECUATLKA UTTOOTNPLKTIKA Beparmeia kal ykalpn dtayvwon, Bvntotnta 1%
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Dengue Fever spread

Bl Prevalent from centuries B Highly prevalent now



[MoOoyevela

ANyHo KWVWTTOC=L0C O€ alpa

* MMoAAamAaoLaopoC ota AspdokutTapa

* Mupetocg, pualyieg, apBbpalyleg, e€avOnuata
* Apyn avappwon

* Avooia oto 1O

ANyHol KWVWTTOC

2°5 0pOTUTIOC OTO alpa

Auénuevoc moAAamAaolaopog, coBapn vooog, atpoppayia,
KO pOLOYEVVEC OOK



KAwiKkn €lkova Dengue-KAaootkr) popdn

2-7 NUEPEC UETA TO ONyuaA:

Alpvidila evapén mupetou, plyn, kedaAaAyia

PaylaAyia pe coBapn pualylo kot apBpoadyia

“lupetoc mou onael KOKkaAa”

ALLOpPOYIKEC EPUBPEC KNALOEC OTOo HEPUOL

‘Hriieg pwvoppayleg

KAaoowkn nria popen-90%, avappwaon, ornavio cUVOPOLO KOTTwWONC
Awuoppayio 7%

Oavatngopoc uoppn 3%



KAWLKr) ewova Dengue-Alpoppaylkn Lopon
(DHF)

* Ta ayyeia emnpealovtol AOyw etepoAoywV pn e€ovdepwtikwv Abs
nou avéavouv tnv SEGUELON TOU LoV, TNV HAlo TwWV LOAUCUEVWV
KUTTAPWVY, TNV KlvnToTolnon ayyslodpaoTtikwyv KuTtokwvwyv (TNF-a)
xwpic dopukn BAABn nov mpokaAoLv leakage o€ LoTOUC

e Alpoppayiec og OAoUC TOUC LOTOUC
e AlaTapaxr TOU MNKTIKOU UNXOVLOLOU
* Mtwon nieong, SucAetltoupyla opyavwy, cok Kat Bavatog

e Qvntotnta 5%



Large bleed into skin Bleeding into the eye

Skin bleeds




Child with severe form of Dengue

Oxygen
IV Fluids
Special Care

See the tubes every
where

Frightening, isn’t it?




Epyaotnplakd supiuota

* AgUKOTIEVI
* OpopPormevia
* ALOTOPOXEC TPOAVOOLULVO.OWV

e KaAALEpyeLa LoU, maboyvw ki yia Stayvwon aAAd pn TTpaKTLKA Ko
arotuyyxavel av ta deiypata AndBouv >24-48 wpeC LETA TNV
amnupeéia

* RT-PCR PNA

* OpoAoyLKkEC SoKLpaoleg AlyoTtepo €LOLIKEC AOYyw SHLAOTOUPOULLEVWV
aAvTLOPACEWV

e >e oela paon dlayvwon pe IgM antibody capture (MAC-ELISA)



Special Test (ELISA)

ELISA Plate IgM-capture ELISA



Table. Accumulated number of dengue fever cases as reported in the newspaper | Kathimerini during the 1928 epidemic, Athens,
Greece, August 1928*

No. cases
Date of report Athens Metropolitan areat Greece Notes
3,000-75,000 Mentioned in articles in 1928
) Aug 15 25,000
oo Thessalonki® - o e
y ' \ . ) Aug 23 80,000
Agrinio ex/  0430; 80 Aug 27 150,000
0.059: 1 Aug 29 433,000 649,000 Indicated as 75% of population
: ' d Athens’ 1 Aug 30 461,000 693,000 Indicated as 80% of population
&'}g 959,884 Govemnment statistics cited by
Mavrogordatos (8)
*Blank cells indicate no information.
AI"QOS
0551 7 tincludes the neighboring city of Piraeus (population =250,000) and the remaining suburban area that had a small population in the 1920s.
: = =
i Daily Newspaper View of Dengue

S naion D o0% -7 Fever Epidemic, Athens, Greece
Kalamata - ! , , ,
0.102:3  Gythio ~1.82; 11 Chania 4 1927-1931
" 07896 ﬂ“ﬂf'mw,?ﬁ?: e
“-w Christos Louis

Figure. Map of Greece and deaths in the dengue fever epidemic, - . -
1927-1928. The numbers are from the September 22, 1928, issue D“""g the _late summers of 1927 and 1928’ a blphé_]SIC
of the newspaper, | Kathimerini, and are =30%—40% lower than the dengue epidemic affected the Athens, Greece, metropolitan
official final death total. The first numbers indicate deaths per 1,000 area; >90% of the population became sick, and >1,000

inhabitants of each affected city (arrows); the number after the . : . g : ;
semicolon shows the total number of fatal cases from the epidemic persons (1,553 in the entire country) died. This epidemic was

in the respective location. the most recent and most serious dengue fever epidemic in
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Japanese encephalitis (JE) virus, flavivirus

e Jxetiletal oteva e WNE, St. Louis encephalitis
* AlapBLBaotnc: Culex species (tritaeniorhynchus)

* Alotnpeitat évag KUKAOG gsra&u KOUVOUTILWV KalL OTIOVOUAWTWY, KUpLwg
Xoipoug kot enva. OL avOpwrtoL ivoll Tuxaiol ) ateAeiq Esvmtsq, SL0TL Ogv

QVATTUOOoETAL CUVABWG APKETA VP NAN LaLpia WOoTE va HoAUVOULV Ta
KouvouTiLo

* H petadoon yivetat KURL(L)Q O€ QyPOTLKEG TIEPLOXEG CUVHBWG 0 OPUWVEG

KalL apOeVON PE UTEPTIAN PWON. 2€ LEPN TNG AoLag auTo oupPaivel kovta
OE€ OOTLKA 1 NULOOTIKA KEVTPOL

o’ élETOLSOGI’] lvoll EMOXLOKNA KAl KOPUPWVETOL TO KAAOKALPL KAl TO
$Owvonwpo aAAd O TPOTUKEG KAl UTTOTPOTILKEG TIEPLOXEG OUMPBaivel OAO TO
XPOVO Kol KOPUPWVETOL TNV EMOXN TWV BpoxwV



[evikA oToLKEla

* 3 61C €K AvOpwWTIOL O€ EVONULKEC TIEPLOXEC

e 50.000 neplotatika dSnAwvovtal otov MNOY

* 15.000 Bavatol ava €106 |

* MepLoooTePeC AOLUWEELC UTIOKAWVIKES, 80% TwV eVNAIKWVY AV

e 1" artiot VEUPOAOYLKAC VOOOU HETA TNV HELWON ‘
NG moAvopeAitdac (65%)

e MowdLa 2-10 ouvnBwc tpocPaiiovtal aAAd Ko
HeyaAUTtepeC NALKIEC ELOLKA O€ TIEPLOXEC EAMAWONC

* Embnuiec oe Avotpalio-Qkeavia

* Moudikoc epPoliaocpoc os Kiva, Kopga kat lamwvia=
TEPAOTLO LELWON EMLTTWONG
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Distribution of ence phalitis cases by age group
Andhra Pradesh, India, 2000

Different
patterns of
age
distribution
of cases

Mumber of Cases

o 8 8 & 8 B

Under 1 yr 2toSyrs

Deata suppled by Government of Andhbhra Pradesh

Distribution of encephalitis cases by age group
Nepal, 2004

Mumber of Cases

=
L= 1 I I

Under1yr 1todyrs StoB8yrs 10to14yrs 15+ yrs

Data suppliad by WHO, Mepal



Two patterns of transmission of JE

Seasons dizribution of JE cazes m four scathann
and Tour mothdarn Setwnoes, China 1093

JE may be spread: e e

-===- 4 Marthern prosince:

Seasonal pattern, with a
large increase in cases at &
certain time of the year (e.qg..
southern China)

Month of Cnset

Soazomal distribwtion of lapansso encep halitis casos
Eali, Incdoeseiis luly 2007 to Suse B0 ]

2

2. Year-round pattern 2
(e.g., Bali, Indonesia) o
a

N m H
?*“"-kﬁa.__gﬂ'lzﬁ’ﬁ"tﬁ" o T P

el e B

[ miep Seasn [l Mairey iesacn

Ciatla supplied by Inlernaional Vacchns Insitobs




Figure 41.7: A 5S-year-old boy with lapanese ene epriaalites.



KAwwn ewova JE

* JUMMTWHOTIKA VOoooc <1%, 25-30% Bvntotnta akoun kot ce MEO

* 30-75% em{wvtwV HE avarmnplo cwpatikn, vontikn, Yuxikn

* Mupetoc vuPnAog, alayn emnedou ocuveldbnoncg (Slatapayeg
MPOCWTILKOTNTOC EWC KWHOL)

* AnNBapyoc, kebaAaAyia, KOALoKO AAyoc, ELETOL Kol oTadlaka tpoodoc o€
6Levep0n, delirium, KLvnuqu Sdlatapaxeg (mapaiuvon npoownou OTIOLO O,
NUL- napscn, £0TLOKN TIAPECN, XaAapr tapaAuacn, GT[OLGTLKr] napa)\uon,

ataéia, TpouoC, xopea@erwon EWMUPAULOLKA, KWUA, avanvsucrLKn
napalvon, PeAtiwon petd amno 1 eBdopada aAAd yla KATTOLOUC €W KoL 5

Xpovia
e ETUMAOKEG: AoLuwéELg, EAKN Tiieonc, amofoAr oto 1° f 2° Tpiunvo Kunong



Epyaotnplaka evpiuota & Beparmneia

e AEUKOKUTTAPWON

* Yriovatplatpia, au&non ?\EUKOKurtapwv ENY, ducloloyiko AsUkwpa i
e\axlota avénuevo, 6-kupata o HEr (T[EpLGTOLOLOLKn nopoucia OTIAoHWYV),
CT/MRI avadelkvuel eykepaAikd oldnpa Ko mTapouoiol avwpaAlwy oTo
oteAexoc-rapeykepaAidba kot NM

* Xwpic Bepaneia

e Altepeuvouvtal n xpnon tn¢ INF-a kat avoooBeparmeia

* 3 800¢cLc adpavonoilnpevou epPBoliiouv os 4 eBdouadec, 90% npootaocia

e S/E: ayyelooldnpua, oupTikApLa Kol KAToLeG avodopec eykedbalopveAitida

e JuvioTtatal povov oe tasldblwtec pe >1 pnva nopapovn mov da
eTILOKEPOOUV OYPOTLKEC TIEPLOXEC



Tick-borne encephalitis TBE

* CCE Central European Encephalitis

» RSSE Russian Spring-summer encephalitis (Eastern Russia, Korea,
China, Japan and Powasan virus-N America)

e Metadoon HeTaél KPOTWVWV KAl OTIOVOUAWTWVY Kol KABETA 0TOUC
QTIOYOVOUC TWV KPOTWVWV

e Tuyaiec Aolpuwéelc avBpwnwy, Kuplwc 20-50 eTtwv armno tov ArpilLo-
NoguBplo

e >TNV Eupwnn AoUwEELSC aTto N MOOTEPLWUEVO YAAQ aTtO LOAUCUEVD
{wo (CEE)



KALVIKQ XOPOKTNPLOTIKAL

* Enwoaon ywa ewg 1 prva, 1:250 CEE givatl CUPMTWHOTIKA KoL Ao auteg 5-30%
avVanTUO0o0UV VEUPOAOYLKA XOPOAKTNPLOTLKA

* Alboolkn aoBEVELA UE TIPWLMO XOPOAKTNPLOTLKA: TIUPETOC, KEPaAaAyia, Kakouyxia, EULETOL

* Juuntwpota Aovrat o 1 eBdopada kat 600t avantucoouv Thv 2" hpaon UETA Ao
u¢eon 2-10 NUEPEG, LETA ATTO TLG OTOLEG EPdaVILETAL TTUPETOG, KEPAAAAYLa KL EUETOL EK
VEOU

* NEUPOAOYLKA CUMITTWHATO: ACNTITN KNVLY 5m6a vanga)\LmSa uue)\mcSa (mrapaduon
WHOU Kol avw akpwv), Sucauvtovopio, opBokuoTIKEG dlatapaxeg, 1% Bvntotnta Kuptw
o€ NALKLWHEVOUC, 40% £xouv veupo)\ovLKo UTtOAEL L (ataéio, PUXOAOYLKEC SLaTapaXEC

* RSSE teivel va givatl povodaaotkry Kat 1o cofaph He OTIACUOUG, KWHA, CUUHUETOXN
oteAEXoUC KoLl coBapec eykedaAlkeC BAABEC

* Powassan virus mpokaAel coBapr eykepaAitida mov pHolalel e EPTINTIKA EYKEPAALTIOQ

* MpemeL va OKEPTOUAOTE TNV VEUPOUTIOPEAiWON we Stadoptkn dtayvwaon A SLOTL umopel
VOl UTTAPYXOUV SUTAEC AOLUWEELC



Epyaotnploka evpnuata-Oepaneia-NpoAngn

* Mpwipo AsukoTevia

e Oy Lpa AsuKoKUTTAPWON

* MikpoU BaBpol Asukokuttapwaon ENY

e Xopnynon €dkn¢ avoooodatlpivng xwplc smtuyia

e Koptikoeldn enmdpouv otov MUPETO aAAA TOPATELVOUV TNV VOONAELd

* Ytdpyxouv adpavoroLnpeva eUBOALa TTOU XPNOLLOTIOLOUVTOL OF
TEPLOXEC O€ Kivouvo

* TOTILKOC EAEYXOC LE EVTOUOKTOVA XPNOLUOC OE ULKPEC EKTAOELC OQAAAL
OXL VL0l LEYAAEC TIEPLOXEC



Awayvwon Flaviviruses

e ATTOPOVWON LOU-oTIAvVLA £XEL BEON 0€ VELPOTPOTIOUC LOUC

* Artopovwon armo To aipa povov tnv 11 eféouada mpv Tnv evapén
VEUPOAOYLKWV CUUTTTWUATWY

* Arnopovwon aro to ENY eival duvartr o€ pwipn vOoo Kol UTTOPEL val
arnopovwOel amno Lotoug (eykedpalog, omtAnvag)

. gC,R oTnVv oéela dAon UMopPEL vaL avixveUoEL TNV LaLpial Ko var B€oeL Tnv
LAyvwon

* OpoloyKkeG eeTaOELG alpatog kot ENY eival ta faotka peoa dLayvwong.
ELISA yia IgM eival Betikn og atpa ) ENY og 10 nuepeg o oxedOvV OAEG Tig
eyKePaAltdec amno Flaviviruses

* Ol e€ETAOELG MAPAUEVOUV BETIKEG YLAL UNVEG KOlL OE TIEPLOXEG OTIOU QLPKETOL
flaviviruses kukAopopouv eivatl GUCKOAO va EEXWPLOOUV OL OEELEG ATTO TLG
TTOAQLLOTEPEC AOLUWEELC
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Author Summary

Physicians attending travelers with particular symptoms often neglect those infections
that are transmitted by arthropods like ticks and mosquitoes (arboviruses) or don’t test for
the appropriate arboviruses. This is because arboviruses cause symptoms that are similar
to more common infections and because there is a geographical overlap in the arbovirus
infections that people have a large chance of being infected with. We compared the
amount of times that Dutch physicians had patients tested for arboviral infections with the
likelihood that Dutch travelers would be exposed to particular arboviruses. Whereas
research and diagnostics generally focus on only one virus, our study was uniquely com-
prehensive and systematic in that it analyzed multiple viruses simultaneously on the basis
of a unique national database. The research shows that the current viruses travelers are
tested for is incomplete and likely many more people carry these kinds of diseases than are
diagnosed. As these diseases pose potential public health threats, physicians should be
more aware of the diseases that travelers could be infected with, and protocols are needed
regarding what infectious diseases physicians should check for when patients present with
particular symptoms.

Background

Arboviruses have overlapping geographical distributions and can cause symptoms that
coincide with more common infections. Therefore, arbovirus infections are often neglected
by travel diagnostics. Here, we assessed the potential of syndrome-based approaches for
diagnosis and surveillance of neglected arboviral diseases in returning travelers.

Method

To map the patients high at risk of missed clinical arboviral infections we compared the

quantity of all arboviral diagnostic requests by physicians in the Netherlands, from 2009
through 2013, with a literature-based assessment of the travelers’ likely exposure to an

arbovirus.

Results

2153 patients, with travel and clinical history were evaluated. The diagnostic assay for den-
gue virus (DENV) was the most commonly requested (86%). Of travelers returning from
Southeast Asia with symptoms compatible with chikungunya virus (CHIKV), only 55% were
tested. For travelers in Europe, arbovirus diagnostics were rarely requested. Over all, diag-
nostics for most arboviruses were requested only on severe clinical presentation.

Conclusion

Travel destination and syndrome were used inconsistently for triage of diagnostics, likely

resulting in vast under-diagnosis of arboviral infections of public health significance. This

study shows the need for more awareness among physicians and standardization of syn-
dromic diagnostic algorithms.
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Fig 1. Geographical distribution of medically important arboviruses that cause febrile disease in humans. All arboviruses cause febrile symptoms,
but symptoms more specific to certain viruses are represented in three columns: 1) Arthralgia-Rash (AR); 2) Neurclogical symptoms (NS), and 3)
Hemorrhagic symptoms (HS). Arboviruses not known to cause more than febrile symptoms are preceded with a §-sign. Arboviruses more likely to be
diagnosed in travelers are followed by *. DENWV™ is a serocomplex encompassing multiple dengue viruses that can cause similar clinical disease in humans.
For viruses in gray type, diagnostics are unavailable in the Netherlands but in most cases can tested through the European Network for Imported Viral
Diseases (ENVID). Geographical regions based on UM definitions of world regions. EU, Sub-Saharan Africa and South & Southeast Asia regions are
grouped in these representations for visual clarity but are subdivided according to UM definitions for analysis as can been seen in Figs 3—6. AR = arthralgia-
rash; NS = neurological symptoms; HS = hemorrhagic symptoms:; AKHWV = Alkhurma hemorrhagic fever virus; BANV = Banna virus; BFV = Barmah Forest
virus; BWAVW = Bwamba virus; BUNVY = Bunyamwera virus; CEV = California encephalitis virus; CHIKW = Chikungunvya virus; CTFV = Colorado tick fever
virus; CCHFV = Crimean-Congo hemorrhagic fever; DENV = Dengue virus; EEEV = Eastern equine encephalitis virus; GROV = Guaroa virus; ILEV = llesha
wvirus; ILHW = llheus virus; JEV = Japanese encephalitis virus; KFDV = Kyasanur Forest disease virus; LCV = La cross virus; LIV = Louping |l virus;

MANYNY = Mayaro virus; MURWY = Murray Valley virus; NRIV = Ngari virus; OHFV = Omsk hemorrhagic fever virus; ONMNYW = O'Nyong Nyong virus;

OROV = Oropouche virus; RVFWV = Rift Valley fever virus; ROCW = Rocio virus; RRVW = Ross river virus; SFV = Sandfly fever (MNaples / Sicilian / other); SFTS
W = Severe Fever with Thrombocytopenia Syndrome Virus; SINWV = Sindbis virus; SLEW = St. Louis encephalitis virus; TAHW = Tahyna virus;

TATW = Tataguine virus; TBEWV = Tick-bome encephalitis virus; TOSWV = Toscana virus; VEEWV = Venezuelan eguine encephalitis virus; WEEW = Western
equine encephalitis virus; WHMNWV = West Mile virus; YFV = Yellow fever virus; ZIKW = Zika virus.

doi:10.137 1/journal .pntd.0004073.g001




Table 1. Clinical manifestations classified per syndrome used for search in diagnostic database. Search was based on approximation of listed terms
in multiple languages.

Syndioine Respiraiory Enteric Febrile Neurological SKin Rheumatic Hemoirhagic
Symptoms Throat ache Diarrhea Fever Glasgow coma Rash Rheumatic Secondary/ primary

scale pain hemostasis

Coughing Vomiting Pyrexia Coma Exanthema Joint pain Hematemesis

Wheezing Dehydration Febrile Reduced Spots Arthralgia Hemoptysis
responsiveness

Hoarseness Nausea Temperature Epileptic symptoms  Erythema Arthritis Melena

Nasal / ocular Gastroenteritis Malaise Encephalitis Maculopuritis  Vasculitis Hemorrhagic diatheses

discharge

Bronchitis Abdominal Flu-like Meningitis Thrombocytopenia

pain symptoms

Pneumonia Myelitis Petechial

Rhinitis Ataxia Ecchymosis

Hypoxia Paresis Anemia

Nvennaa Flarecid naralucic DIC (diffuicsa intra-yascuilar

I—‘!IJ[JI LA LA IS '-ll.—l.l MIJUII—I e N \-ll AT PRI LA WAL T

coagufatlon)

Apnea Neurological Reduced clotting
symptoms

Pleural effusion Neurological Reduced platelet count
dysfunction

Chest congestion Neurological
disease

Earache Polyradiculitis

Otalgia

Sinusitis

Epiglottitis

doi:10.1371/journal.pntd.0004073.t001



Table 2. Adjusted odds ratios of statistically significant predictive syndromes for a positive test outcome. The testis stated in column 1, with corre-
sponding variables in column 2. Variables were adjusted for age, sex, travel region, and diagnostic laboratory.

Dependent variable

DENV-positive versus negative test outcome (based on 1843 patients with DENV-
diagnostic tests performed)

CHIKV-positive versus negative test outcome (based on 736 patients with CHIKV-
diagnostic tests performed)

doi:10.1371/journal.pntd.0004073.t002

Independent
Variable

Febrile symptoms

Rash
Arthralgia-arthritis

Hemorrhagic
symptoms

Neurological
symptoms

Respiratory
symptoms

Enteric symptoms
Febrile symptoms

Rash
Arthralgia-arthritis

Hemorrhagic
symptoms

Neurological
symptoms

Respiratory
symptoms

Enteric symptoms

Adjusted Odds
ratio

2.0

1.9
0.5
2.8

0.7

0.5

0.8
1.5

4.0
2.9
0.4

0.7

0.3

0.4

95% CI

1.2-3.0

1.3-2.5
0.3-0.8
1.8-4.5

0.2-1.9

0.3-0.8

0.5-1.1
0.7-3.2

2.2-7.1
1.7-5.2
0.1-3.4

0.1-6.2

0.1-11

0.1-1.1

P-
value

<0.01

<0.01
<0.01
<0.01

04
<0.01

0.1
0.3

<0.01
<0.01
04

0.7
0.1

0.1
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Fig 2. Geographical depiction of the number of diagnostic tests requested after travel to each region (see gray shading and tables) from 2009 to
2013. Boxes show number and percentage of all vacations booked from the Netherlands to each region in 2011.

dei:10.1371/journal pntd.0004073.9002
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Fig 3. Percentage of patients (left axis) with arbovirus diagnostic requests presenting with symptoms by travel destination (horizontal axis). The

number of patients per group is shown in parentheses on the horizontal axis (based on 2153 patients with both travel and clinical history).

doi:10.137 1/journal pntd.0004073.g003









South America (234)
North America (37)
Central America (46)

Febrile Caribbean (238)
SYMpoms All (539)
South America (23)
MNorth America (5)
Rash Central America (9)

Caribbean (39)

All (71)

South America (50)
North America (11)
Central America (9)
Caribbean (58)

All (127)

South America (B6)
Morth America (5)
Central America (2)
Caribbean (5)

All (18)

South America (23)
Morth America (2)
Central America (2)
Caribbean (13)

All (29)

Arthralgia-Arthritis

Neurological
symptoms

Hemorrhagic
symptoms

WNV
SLEV
CEV

EEEV

VEEV

WEEV

0% risk group
tested

100% risk group tested

Atypical region-symptom combination

Fig 6. Heatmap showing percentage of patients with a travel history to Americas, divided by region (right axis) and recorded symptoms (left axis),
who were tested for each arbovirus (horizontal axes) posing a risk on that continent (see Fig 1). The number of patients in each region-symptom
combination follows each region in parentheses, far right. Groups in which a 100% of patients with a specific region-symptom combination were tested are
depicted as black, with a sliding scale to white for groups in which 0% of patients were tested. Region-symptom combinations that are atypical for a certain
arbovirus are depicted as diagonal lines.

doi:10.1371/journal.pntd.0004073.g006



o o

Fast and present virus

transmission
B CHIKV
DEMNY

H ZIKv

B CHIKY & DENYV

[ CHIKV & ZIKY : - a

it S Impact of simultaneous exposure to arboviruses
on infection and transmission by Aedes aegypti
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This map depicts countries with past or current autochthonous transmission of CHIKV, DENV and ZIKV. It was generated using the free online
tool https://mapchart.net/detworld.html and is based on data provided by the CDC, PAHO, WHO, the National Institute for Communicable
Disease (NICD-NHLS), as well as a review of literature2244424647.48 Qther countries are also at risk and may have had unreported cases.




