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Clinical signs, diagnosis, and case reports
of Vaccinia virus infections
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ABSTRACT

Vaccinia virusisresponsibleforazoonosisthatusuallyaffectscattleandhumanbeingsinBrazil.The
initialclinicalsignsof theinfectionarefocalredskinareas,fever,andgeneralsymptomssimilarto
thoseofacold.Then,pustulesandulceratedlesionssurroundedbyedemaanderythemafollow,as
wellaslocallymphadenopathythatcanlastforweeks.Cureandhealingofthelesionsoccurover
severalweeks,leavingatypicalscarintheskinofpeopleandanimalsaffected.Theinfectiondeini-
tivediagnosisismadethroughmorphologicalcharacterizationofthevirusbyuseofelectronmicro-
scopy,followedbyPCRforspeciicviralgenes.Since1963,circulatingorthopoxvirusesininfectious
outbreaksinseveralregionsofBrazilhavebeenreported.Later,theetiologicalagentofthoseinfec-
tionswascharacterizedassamplesofVaccinia virus.Inaddition,thewidespreaduseofthoseviruses
inresearchlaboratoriesandmassvaccinationofmilitarieshavecontributedtoincreasethecasesof
thoseinfectionsworldwide.Thus,severalepidemiologicalandclinicalstudiesarerequired,aswell
asstudiesofviralimmunology,publichealth,andeconomicimpact,becauselittleisknownabout
thoseVaccinia virusoutbreaksinBrazil.
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INTRODUCTION

Poxviruses are epitheliotrophic viruses that
have in common the tendency to cause skin
lesions. They are complex viruses that repli-
cateincellcytoplasmofvertebrateandinver-
tebratehosts.1

Virions are constituted by a membrane,
anucleus, and lateralbodies,withorwithout
anenvelope.Theyhaveanovoidorrectangu-
larshape,andtheirgeneticmaterialisalinear
double-strandDNAmolecule, which can en-
codeapproximately200proteins(Figure1).1-2,4

Of the known poxviruses, a genus stands
outduetoitsmedicalimportanceandbecause
itservesasamodelforstudyingtheOrthopox-
virus viral family,which comprises the small-
poxvirusandVaccinia virus(VACV).1-4

Smallpox was eradicated worldwide in
1980, after a large vaccination campaign, in
whichVaccinia viruswasusedasavaccinalvec-
tor,due to itshighgeneticsimilaritywith the
smallpoxvirus.5 

Vaccinia virus isresponsibleforanimpor-
tant zoonotic disease affecting cattle and hu-

man beings in Brazil. The human zoonotic
infections caused by poxviruses are relatively
rare.6 
However, zoonoses caused by poxviruses

have occurred in regions far from their en-
demicareas,suchastheoutbreakofMonkey-
pox(MPXV)incentralNorth-Americanstates
duringMayandJune2003,whichwastheirst
identiiedoutofAfrica.7-9 
In Brazil, since 1960, innumerous out-

breaksrelatedtoVaccinia virushavebeendoc-
umentedbyseveralresearchgroups indiffer-
entregions.Basedonmolecularstudies,some 

Figure 1: Illustration of the morphology of the 

Vaccinia virus.
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geneticvariationshavealreadybeenidentiiedintheviruses
isolated.Anespeciallyrelevantindingwastheisolationof
two genetically different samples ofVaccinia virus from a
singleoutbreakinthetownofGuarani,intheBrazilianstate
ofMinasGerais.10

Thenumber of human cases andnew viruses isolated
should increase because new epidemic foci have been re-
portedindifferentareas.Ithasnotbeenpossibletodeter-

minewhetherVaccinia virusinfectionsareactuallyincreas-
ingorifreportshaveonlyrecentlybegun.11

EpisodesofVaccinia virusinfectioninpeoplewhowork
at research laboratorieshave alreadybeen reportedby the
CenterforDiseaseControlandPrevention(CDC),contrib-
utingtoincreasethenumberofinfectioncases.12Thevirus
infectionhasoccurredboth in individualspreviouslyvac-
cinated in childhood,13-14 and in people never vaccinated

Table 1. Clinical manifestations, viral diagnosis, and transmission of Vaccinia virus 

 Clinical   Viral  Transmission

 manifestations  diagnosis  

Local Start: focal red areas Morphologic Inoculation of Animals Transmission

 In a few days:   samples of lesions  among animals

 pustules, edema and   and crusts into  occurs mainly

 erythema in hands   allantochorionic  through the

 and forearms.6,11,25  membrane.  milker’s hands or

 After approximately   Viral propagation  mechanical

 12 days: ulcerated,   in VERO cells  milking equipment.

 necrotic and painful   and visualization  Viral penetration

 lesions.6,11,25   of the viral  occurs through

 A few days later,   particles through  preexisting lesions

 most lesions heal   transmission  in cows’ teats.11,27,32

 forming crusts.  electron

 Approximately four   microscopy.11,23,27-28

 weeks after lesion 

 start: cure.

 Local 

 lymphadenopathy 

 that can last 20 

 days.6,11,25

 Secondary bacterial 

 infections can occur 

 in sites of original lesions.26    

Systemic Fever, headache, Molecular PCR of marking Human The disease is

 muscle ache, nausea  genes: thymidine beings transmitted from

 (occasionally) that begin  kinase (TK),   animals to humans

 eight days after  vaccinia virus  through contact

 the appearance of  growth factor (VGF),  with the lesions

 the lesions.6,11,25  hemagglutinin  in cow’s teats.33

   (HA).11,27,29  

    Polymorphism of

   the restriction

   profile of ati

   gene.6,30 Real-time

   PCR of ha gene, by

   using SYBR Green.31
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before.15 Transmission usually occurs through accidental
inoculationofVaccinia virusthroughlesionsiningersand
eyes,orthroughauto-inoculation.13-16 
In addition to the cases of laboratory infection, cases

fromperson-to-personcontaminationhavebeenreported.
Suchcasesarecloselyrelatedtothevaccinationofmilitar-
iesagainstSmallpoxvirus.17-18Tencasesofinfectionbythose
virusespresumablytransmittedthroughsexualcontacthave
beenreportedinassociationwithvaccinationprogramsin
theUSAandIsrael.19-21 
Moreover, one case of vaccinia infection has been re-

portedinapregnantwomanbittenbyadogpreviouslyvac-
cinatedagainstrabieswitharecombinantVaccinia virus.22

Clinical signs, transmission, and viral diagnosis

Vaccinia virus infections can be characterized as occupa-
tionalzoonoticinfectionsbecausetheyoccurinhumanbe-
ingswhoworkdirectlywithcattle, themilkers.23A factof
greatrelevanceforpublichealthisthatphysiciansandother
healthcareprofessionalshavedificulty indiagnosingand
managingtheseinfections.24

Theclinicalmanifestations,transmission,andviraldiag-
nosisareshowninTable1.

Vaccinia virus outbreaks in Brazil

Vaccinia virusoutbreaksusuallyoccurinsmallruralproper-
ties,withlittleinfrastructure,andsurroundedbywoods.In
mostoftheseplaces,milkingisperformedmanually,with-
out the adoption of biosafetymeasures. These factors are
believedtocontributetovirusdisseminationfromcattleto
milkersandvice-versa.23

This zoonosis seems tooccur seasonally,mainly in the
dryseason,fromJulytoSeptember.Dryweatherconditions
seemtofavordiseaseappearanceanddissemination,sinceit
contributestodrycows’teatsandmilkers’hands,enabling
theoccurrenceoflesionsthatcausethevirustransmission
fromanimalstomenandvice-versa.33 

Poxviruses isolated in Brazil

In SouthAmerica a few studieson the isolationofpoxvi-
rushavebeenpublishedsincetheeradicationofsmallpox.
Some have reported outbreaks caused by Parapoxvirus in
sheep andgoats, and the virus isolation fromwildordo-
mesticanimals.11

HoweverindicationsthatmembersoftheOrthopoxvirus 

genuscouldbecirculatingactivelyinwildregionshavebeen
reportedinBrazilsince1963.28-29Inthe1960sand1970s,the
Braziliangoverncarriedoutseveralcampaignsofepidemio-
logicalsurveillanceinseveralruralareasofthecountryaim-
ingatinvestigatingthecirculationofunknownviralagents
andalsotheisolationofsuchnewagents.29

Studiesconductedfrom1999to2007inmunicipalities
ofCantagalo,Cordeiro,Aperibé,SantoAntoniodePádua,
Cambuci,andMiracemahavereportedseveralcasesofVac-
cinia virusinfectionaffectingbothbovineanimalsandhu-
manbeings.34

SeveralvirusesisolatedinBrazilindifferentregionsafter
outbreaksofbovinesmallpoxarelistedbelow.Asummary
containing viral samples isolated, hosts, and places of the
outbreaksofVaccinia virusinfectionareshowninFigure2.

BeAn virus 58058: Belém Vaccinia virus

TheBeANvirus58058(BAV)wasisolatedin1963fromthe
bloodofarodentoftheOryzomisgenusinthetropicalrain
forest, in the regionofBelém-do-Pará.Aftermorphologic
andmolecular analyses, BAVwas included in thePoxviri-
dae family,consideredamemberof theOrthopoxvirus ge-
nusandavariantofVaccinia virus,anddenominatedBelém
Vaccinia virus.28-29 
Inaddition,thetype-Ainclusionbody(ati)genecould

notbeampliiedthroughPCR, indicating itsprobablede-
letion.The IFN-IFN-α/βRgenewas identiied in theBAV
genome,whichshoweda99%identitywiththeB18Rgene
oftheVACV-WRsample,agenerelatedtotheevasionofthe
hostimmunesystem.35

Figure 2: Isolated viral samples, hosts, and places of the outbreaks of Vaccinia virus infection. *The SPAn232 virus was initially 

isolated in 1965 and classified as Cotia virus (LOPES et al. 1965).23

Medeiros-Silva,Moreira-Silva,Gomesetal.
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SPAn232 virus (SPAnv)

The SPAn232 virus (SPAnv) was initially isolated in 1961
fromsentinelratsintheCotiaforestinthestateofSãoPau-
lo.36Theviruswasre-isolatedseveraltimesandsuggestedto
bearecombinantofLeporipoxvirusandOrthopoxvirus.37-39It
wasoriginallygroupedamongtheCotia virus,but,afterge-
neticanalyses,itwasconsideredavariantofVaccinia virus.
The tk,vgf, andatigeneswereampliiedand identiied in
genomeofSPAnV,andshoweda99%similaritywithcor-
relategenesinVACV-WR.29

Cantagalo virus

TheCantagalo virus (CTGV)was isolated fromcattle and
milkersin1999,duringanexanthematicoutbreak,infarms
ofthemunicipalityofCantagalo,southwesternregionofthe
stateofRiodeJaneiro.Morphologicandmolecularevidence
hasconirmedthatCTGVwasaVaccinia virusvariant.27,40

Aftermolecularanalysesofthehagene,acloserelation
ofCantagalovirusandVACVusedinvaccinationcampaigns
against smallpox inBrazilhasbeendemonstrated.27 Ithas
beensuggestedthatthissampleescapedintothewild,estab-
lishingseveralcyclesoftransmissioninoneormorehosts,
accumulatingpolymorphisms,reemerging,then,asCanta-
galovirusincattleandmilkers.27,40

FromOctober 2001 to July 2003, the InstitutoAdolfo
Lutz received 74 samples suggestingVaccinia virus infec-
tion,fromregionsoftheBrazilianstatesofSãoPaulo,Minas
Gerais,andGoiás.Molecularanalyseshavecategorizedthem
as99.9%similartoCantagalovirus,differingonlybyasingle
nucleotideinposition616.41

Muriaé virus

InAugust2000,anoutbreakaffectingcattleandmilkersoc-
curredinseveralfarmsofdairycattleinthestateofMinas
Gerais.OneviruswasisolatedanddenominatedMuriaévi-
rus (MURV).24

Duringmolecularcharacterization,whenamplifyingthe
hagene,adeletionof18nucleotideswasobserved,allow-
ingthisvirusintroductioninthegroupofPSTV,23ARAV,11

 

GP2V,10andCTGV.27Despitethesesimilarities,Muriaévirus
had unique characteristics that allowed its differentiation
fromothersamplesofVACV.24 

Passatempo virus

ThePassatempovirus(PSTV)wasisolatedandidentiiedaf-
teranoutbreakin2003,inthetowmofPassa-Tempo,Minas
Gerais.Duringthatoutbreak,cowsandmilkershadlesions
similar to thoseobservedduringotherVaccinia virusout-
breaksinBrazil.Whenanalyzingthebloodofpatients,anti-
bodiesagainstVACV–WRwereidentiied.23

ThatVaccinia virusvariant,denominatedPassatempovi-
rus,hasadeletionof18nucleotidesinhagene,whichrepre-
sentsageneticsignatureofsomesamplesfoundinBrazil.23

Belo Horizonte virus

TheBelo Horizonte virus(VBH)wasisolatedfromanout-
break in mice of the facilities of the Biological Sciences
Institute (ICB) of the Federal University ofMinas Gerais
(UFMG), in the state of Minas Gerais. The mice were
brought from theUniversityofCampinas, SãoPaulo, and
seemedhealthyupontheirarrivalattheUFMG.Afewdays
later,someanimalsdiedandothersshowedskinlesions.The
virusisolatedfromtheclinicalsampleswasavariantofVac-
cinia virus,denominatedBelo Horizonte virus.42

The origin of the Belo Horizonte virus remains un-
known,sincethereisnoresearchinthecityofCampinas
involvingpoxvirus.Thosemicemighthavebeencontami-
natedbyother animalsof thenurseryof ICBofUFMG,
where some colonies of mice from other places are re-
ceived.However,itispracticallyimpossibletodiscoverthe
virusactualorigin.However,theubiquitouscirculationof
differentVaccinia virus strains in Brazil, both fromwild
orveterinaryorigins,suggeststhatepidemiologicalstudies
areextremelyimportant.42

Araçatuba virus

In1999,inthecityofAraçatuba,SãoPaulo,aviruswasiso-
latedafteranexanthematicoutbreak.Theinfectionaffected
cattleandonemilker,whodevelopedapproximately10le-
sionsinhishandsandarms.Nosimilarepisodehadprevi-
ouslyoccurredinthatfarm.11

 

TheisolatedviruswasaVaccinia virusvariant,andwas
calledAraçatubavirus(ARAV).Ithadadeletionidentical
to thatofCantagalovirus.11 It isworthemphasizing that
similar genetic signatures occurred in the municipality
of Cantagalo, located approximately 850 km to the east
ofAraçatuba, and in the townofMuriaé, 850km to the
northofAraçatuba,creatingspeculationsabouttheorigin
oftheseviruses.11

 

Guarani virus

InOctober2001,therewasanoutbreakinthetownofGua-
rani,MinasGerais,inthesoutheasternregionofthecoun-
try.Anepidemiologicalstudywascarriedoutintheaffected
regionandinvolved72properties.Thestudyreportedthat
1,020milkingcowshadlesionsintheirteats.Humancases
ofthisdiseasewereidentiiedin83%ofthefarms,andap-
proximately110 individualswere infected. In some farms,
themilkersreportedperson-to-persontransmission.10

For laboratory diagnosis and viral isolation, samples
from the dry crusted lesions of two cows were collected.
Eachcowbelongedtoadifferentfarm,approximately10km
apart.TwoviruseswereisolatedanddenominatedGuarani 

P1 virus (GP1V) andGuarani P2 virus (GP2V).Although
isolatedduringthesameoutbreakandatthesametimein
neighboringfarms,theGP1VandGP2Vshowedsuficient
geneticdivergencestobeplacedatdifferentsitesinthephy-

Signs,diagnosis,andreportofVaccinia virusinfection
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logenetictree.WhileGP2Vwasplacedwithothersamples
ofVACV isolated frombovineoutbreaksofVaccinia virus 

(ARAV,CTGVePSTV),GP1VwasplacedwithVACV-WR
andVBHthatarenotassociatedwithbovineoutbreaks.10 
Theseresultsindicatethattherearegeneticallydifferent

populationsofVACVcirculatinginthecountryandevenin
thesameinfectiousoutbreak.Therearenoconclusivestud-
iesontheactualoriginoftheBrazilianVaccinia virus.

FINAL CONSIDERATIONS

Vaccinia virus infections are extremely relevant for public
healthanddairyeconomyinBrazil,althoughlittleisknown
aboutthevirusflowinthewildanditsnaturalhosts.It is
dificulttodeinewhethersuchinfectionshaveactuallybeen
increasingorifreportinghasonlyrecentlystarted.Inaddi-
tion,healthcareprofessionalshavedificultyindiagnosing
andmanagingsuchinfections.
Thus, implementation of educational strategies with

healthprofessionals andmilkerswhowork in affected re-
gionsisrequired.Forhealthcareprofessionals,thesestrat-
egies should be directed to the clinical identiication and
therapeuticmanagementof infectedpatients. Formilkers,
theeducationalpractices shouldemphasizebiosafetyaim-
ingatpreventingtheircontaminationwiththeVacciniavi-
rusandreducingcrossedinfectionincattle.Inaddition,geo-
processing studies aimingatoutlining thevirus infectious
flowareextremelyimportantforthecreationofhealthcare
strategies to decrease infection propagation, both among
cattleandfromcattle tohumanbeings.Furthermore,sev-
eralepidemiologicalandclinicalstudiesarerequired,aswell
asstudiesofviralimmunology,publichealth,andeconomic
impact, because little is known aboutVaccinia virus out-
breaksinBrazil.
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