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Abstract—Viruseshaveuniquemorphologyandarethereforegood candidatesfor negative
staining.Negativestainingwith phosphotungsticacid (PTA)oruranylacetatehasfacilitated
thedetectionof manyvirusesin clinical specimens.Enhancementprocedureshaveincluded
the useof centrifugationandagardiffusionfor concentratingvirus particles,theuseof solid
phasecapturereagentsto trapvirus particlesandtheuseofsecondaryantibodiesandelectron
densemarkersto helpvisualize them.Techniquescurrently in useandemployingnegative
stainingincludedirect EM, immuneelectronmicroscopy(LEM), solid phaseimmuneelectron
microscopy(SPIEM),colloidal gold-labeledproteinA (PAG),solidphaseIEM employinga
seconddecoratorantibody(SPIEMDAT),andsolidphaseLEM usingcolloidedgold-labeled
secondaryantibodies(SPEIMDAGT). IEM methodsassistwith thedetectionofsmall viruses
orvirusespresentin low numberswhile PAG offersincreasedsensitivityover direct EM and
IEM. In ourexperiencetheserum-in-agar(SIA) methodis themostsensitiveofthePAGIEM
techniquesfor detectionofrotavirusparticlesin clinicalspecimens.SPIEMDAT enhancesthe
detectionof small viruseswhich areoften missedby other techniquesdueto background
stainingin specimens.SPEIMDAGTemployingcolloidal gold-labeledsecondaryantibody
hasincreasedsensitivityandofferstheadvantageofdetectingviral antigenwhenwholevirus
particlesarenotvisible.IEM techniqueshaverecentlybeenusedfor typingvirusesusingeither
monospecific antisera or monoclonalantibodiesand colloidal gold-labeledsecondary
antibody.

INTRODUCTION

Prior to the developmentof immunoassaytechniquesfor detectingviral antigens,
direct electronmicroscopy (DEM) with negativestaining was the only method of
providinga definitive diagnosisof severalviral infections.Diseasesfor which electron
microscopy(EM) hasplayeda role in rapid diagnosisincludegastroenteritis,herpes
simplex infections, varicella zoster, variola, vaccinia, congenitalcytomegalovirus
infection,viral hepatitis,pustularcontagiousdermatitis,molluscumcontagiosum,and
warts (Cherneskyet a!., 1979, 1982; Kapikian et al., 1980; McIntosh et al., 1980;
Palmerand Martin, 1988).The majorlimitation of DEM is that whenvirus particles
are presentin low concentrations(< 10~particlesperml) in clinical specimens,virus is
difficult to detect.Severalmethodshavebeendevelopedto concentrateviruses in
clinical specimens,the simplestbeing ultracentrifugation.Thetechniquesof pseudo-
replicationandagardiffusion allowdiffusion of theliquid phaseof thespecimeninto an
agarsubstratewith subsequentconcentrationof virus particleson the surface.JEM
employsspecific antibodiesto aggregatevirus particlesandfacilitate their detection
butrequiresapriorknowledgeof virus serotypeandtheavailability of specificantisera.
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MATERIALS AND METHODS

Negatii’e stains

Negativestainingis the mostappropriatetechniquefor thepreparationof clinical
specimens.Thin sectioningtechniquesare not useful for making a rapid diagnosis~
however,a rapid embeddingmethodthat takesonly 2 h hasbeendescribed(Doane
andAnderson,1977) andthin sectioningcanbe useful wherespeedof diagnosisis not
important.The basicrequirementsfor negativestaininghavebeendescribedin detail
by Almeida (1980). The mostcommonly usedstain is phosphotungsticacid (PTA).
UranylacetatehasbeenusedforsomeSPIEMtechniques.Formvar-orcarbon-coated
400-meshcoppergridsprovide themostversatilecharacteristicsfor specimenviewing.

Clinical specimens

Electron microscopy techniquesare most applicable for the investigation of
infections when virus may be presentin specimensin concentrationsof at least l0~’
particlesperml. Specimenssuchasfeces,vesiclefluid, brain tissue,warttissue,urine,or
serumcanbe negativelystainedwith minimum preparationto yield positive results.
Specimensshould be collectedand transportedat ambient temperaturein sealed
containers to prevent drying. Depending upon the type of clinical specimen,
centrifugation may help to prepareit better. Fecescan be preparedby making a
lQ~20%suspensionin distilled water andthen clarifying with a benchcentrifuge if
necessary. Rotaviruses,adenoviruses,picornaviruses,astroviruses, caliciviruses,
coronaviruses,and Norwalk agentshave beenviewed in feces from patients with
gastroenteritis.

Patientspresentingwith vesicularlesions(ex- or enanthematous)may yield herpes
simplex,varicella,or vacciniavirusesin vesiclefluid. Vesiclefluid should be collected
from unbrokenlesionsusinga tuberculinsyringecontaininga smallamountof distilled
water.The EM morphologyof the herpesvirusesallows identificationto group,and
otherlaboratorytechniquesmay be usedfor typing. EM canbe usedto detectherpes
virus particlesin brainbiopsymaterialfroma patientwithencephalitis,butmaynot be
as sensitiveas immunofluorescentstaining.Humanpapillomavirus(commonwarts),
Orf virus, and molluscumcontagiosumpox virus can be viewed in homogenatesof
solid biopsytissue.

Fluid specimenscan be examineddirectly or centrifuged for I h at 15,000g to
concentratevirus with resuspensionof the pellet in a small amountof distilled water
before staining. Urine shouldbe centrifugedat 2500g for 30 mm. The supernatant
fluid will usuallyyield virus morereadilyif aslargea volume aspossibleis used.Serum
containsmany low-molecular-weightproteinsthat must be washedout by diluting
with anequalvolume of distilled water.Centrifugationfor I h at 1500g is necessary,
andtheserummayevenrequirerecentrifugationto provideacleanerpreparation.CSF
seldom yields a virus. Sputum specimensshould be diluted in saline and then
homogenizedor treatedwith 20% n-acetylcysteine.

Biopsy or autopsytissueis cut into small (1 mm) cubesand placed on a metal
planchet,which enablesseveralcyclesof freezingand thawing to help releaseviral
particles.An alternatemethod involvesmechanicalhomogenizationusinga mortar
and pestleor homogenizer.Following this, a relatively smooth suspensioncan be
achievedby mixing with small amountsof distilled water using a fine-borePasteur
pipette.Bestresultsarethenachievedby differentialcentrifugationbeforestainingwith
PTA. Conjunctivalscrapingsusuallycontain smallamountsof tissueand shouldbe
examineddirectly without centrifugation.

Electron microscopy

Direct electron microscopt’. The easiestlaboratory techniquefor examinationof
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clinical specimensis directEM usingnegativestaining.Themostcommonlyusedstain
is phosphotungsticacid(PTA) asa 2—4%solutionadjustedto apHof 7; uranylacetate
at a concentrationof 1% is an alternative.Formvar-and carbon-coated,400-mesh
copper grids provide the most versatile carriers for specimenviewing. Twenty
microliters of virus suspensionare placed onto Formvar/carbon-coated300-mesh
coppergrids for 3 mm, thedropis removedby blotting from theedgeof thegrid with
filter paperandthe grids are negativelystainedfor 30 sin a drop of PTA.

Immuneelectronmicroscopy.
(I) Direct method.Equalvolumes(20 i.Ll) of antigenandantiserum(optimallydiluted,

usually 1/800) are mixed in a microtiter well. Formvar/carbon-coatedgrids are
placedinto wells andincubatedfor 60 mill at 37°Cin a humidified environment.
After incubation,the grids are washedandnegativelystained.

(2) Agarose method. For this method, all reagentsare mixed and incubatedin
microtiterplasticwells, asdescribedby HopleyandDoane(1985). A 20 j.il volume
of viral suspensionis mixed with 20 p.1 of specific antiserum(dilution 1/800) and
incubatedat 37°Cfor 45 mm in a humidified environment.After incubation,a
20 p.1 volume of PAG is addedinto the well, andincubatedfor another45 mm at
37°C.PAG complexes(PAG)of 16 nmdiameterarepreparedaccordingto Hopley
andDoane(1985)anddiluted in buffer consistingof0.5 M Tris (hydroxymethyl)
aminomethanehydrochloride,pH 7.0, 15%NaC1,0.5 mg/ml polyethyleneglycol
20,000,0.1 % NaN3,standardizedby absorptionspectrophotometryat 580 nm to
0.2/ml andstoredat 4°Cuntil use.Thetotalvolumeof theantigen—antisera—PAG
mixture (60 j.tl) is thentransferredto anotherwell containinga Formvar/carbon-
coated300-meshcopperEM grid placedon topof 2% agarose,andthefluid phase
of themixture allowedtodiffuse into the agarosefor 30 mm at room temperature.
After washingwith threedropsof PBSandthreedropsof distilled water,thegrid is
negativelystained.

(3) Well method.Thismethodis similarto theagrosemethodexceptthat theagaroseis
omitted(Wu eta!.,1989).Gridsarefloatedontop of themixtureof virus,antibody
and PAG in wells for 45 mm at 37°C.The grids are thoroughlywashedand
negativelystainedas outlinedabove.

(4) Serumin agar (SIA) method.The SIA PAG procedureis performedaccordingto
HopleyandDoane(1985). Antiserum(0.1 ml undiluted)is incorporatedinto 5 ml
of 2% Noble agarose(Difco) in a 55°Cwaterbathand 0.25ml of the molten
agaroseis dispensedinto wells of a polyvinyl carbonatemicrotiter plate and
allowedto solidify. A mixedsuspensioncontaining20 p.

1 of virus preparationand
20 p.! of PAG is addedtoa grid on thesurfaceof theagarandallowedtodry down
for about20 mm at room temperature.The grid is then washedand negatively
stainedwith 1% PTA (Wu eta!., 1989).

(5) SPIEMDAT. Giraldo eta!. (1982)haveusedthis methodto detectpapovaviruses
in urine. Formvar-coatedgrids (300 mesh)are floated for 15 mm on 10 j.tl of
proteinA solutionanddrained.Gridsarethenfloatedon adropof specificantisera
(in this caseanti-BK papovavirusantisera)for 15 mm at room temperatureto
immobilize captureantibody.Grids are next sequentiallyfloatedfor 15 mm in a
dropof urinefollowedby decoratorantibodybeforebeingstainedwith 1 % uranyl
acetatefor 2 mm. Thedecoratorantibodyfacilitateseasierviewing of viruseswhile
coatinggridswithproteinA allowsa loweramountof captureantibodyto beused.

(6) SPEIMDAGT.Thistechniqueisa modificationof theSPIEMDATprocedureand
employsgold-labeledsecondaryantibody(Wu et al., 1990).Formvar-coatedgrids
(300 mesh)arefloatedfor 15 mm on 10 p.! of protein A solutionanddrained.They
arethenfloatedsequentiallyon 10 p.1of guineapigantirotavirusantiserumatroom
temperaturefor 20 mm, on 20 p.1 of virus suspensionat 37°Cfor 45 mm, on 10 p.1 of
rabbit antirotavirusantiserumat room temperaturefor 20 mm, andon 10 p.! of
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gold-labeledgoatanti-rabbitIgG antibodyat roomtemperaturefor 20 mm, with
five washeswith PBSafter eachstep.Grids arewashedtwice with distilled water
beforebeingnegativelystainedwith I % PTA. Thespecificityof SPIEMDAGT is
assessedby usingpreimmuneguineapig serumand rabbitantiserumas capture
antibody, guineapig antiserumas detectorantibody, and adenovirus-positive.
enterovirus-positiveor -negativestool specimens.Backgroundgold labeling is
determinedfrom a controlgridcontainingall reagentsexceptvirus thensubtracted
from particlecounts.

Examinationofgrids. In our laboratory,clinical specimensareexaminedin a Philips
301 transmissionelectronmicroscopefor 10 mm at a directmagnificationof 35,000x.
If quantitativedeteminationsare requiredfive grids are usually preparedof each
sample.Thenumbersof virus particlesvisiblewithin five squaresof eachof threegrids
(total 15 squaresof eachsample)arecountedandtheaveragenumberof virus particles
per grid square(3600 p.m2) is calculated.

RESULTS

Direct electron imcroscopv

Many virusesarepresentin clinical specimensin sufficientamountsto bedetectedby
direct EM. Diagnosticvirology laboratoriesroutinely detectherpesvirus, poxvirus.
and molluscum contagiosumvirus in skin lesions and rotavirus, adenovirus.
astrovirus,calicivirus, picornavirus, and Norwalk-like viruses in stool specimens
(Fig. IA—D).

Centrifugation

Thesimplestway to enhancevisualizationof virusespresentin low concentrationsin
clinical specimensis to useultracentrifugationto concentratethe virus beforenegative
staining. Rice and Phillips (1980), using conventionalultracentrifugation,detected
6.5%morerotaviruspositivespecimenscomparedto direct EM without centrifuga-
tion. Hammond et al. (1981) used the BeckmanAirfuge air turbineultracentrifuge
(with a speciallyadaptedrotorholdingan EM grid) anddetectedl4% morerotavirus
positive specimens.They also detectedincreasednumbersof specimenscontaining
herpesviruses,adenovirusesandenteroviruses.Jansonset al. (1985)usingthe Airfuge
reporteda three-foldincreasein the detectionrateof skin lesionspecimenscontaining
herpesvirusesandpoxviruses.Theyestimatedthe concentrationfactor of centrifuged
specimensto be in excessof 1000-fold usingthe Airfuge.

Adsorptionand elution to protein

Othermethodsof concentrationhave included the adsorptionof viruses to meat
protein followed by elution at elevatedpH and salt concentration.Pontefractand
Bergeron (1985) used this method to detect small picornalike viruses in stool
specimens.

Immuneelution microscopy

A numberof IEM methodshavebeendevelopedto detectvirusespresentin low
concentrations.IEM is basedon the formation of aggregatesthat occurswhenviral
particlesare mixed with specific antibody.Thesecomplexesare then visualizedby
negativestaining. Stanley and Anderson(1941) were the first to use IEM for the
detectionandidentification of tobaccomosaicviruses.IEM hasprovided increased
sensitivity over direct EM permitting better morphological and immunological
identificationof viruses.IEM hasbeenemployedfor thedetectionof severalvirusesin
cell cultureas well as clinical specimensincludingrotavirus,enterovirus,adenovirus,
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Fig. I. Negativelystainedvirusesdetectedin clinical specimensby direct EM. (A) Herpes
simplexvirus from vesicularskin lesion.Magnification x 148,750. (B) Adenovirusfrom fecal
specimen. Magnification x 123,250. (C) Astrovirus from fecal specimen.Magnification

x 131,750. (D) Rotavirus fromfecal specimen.Magnification x 106,250.
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herpesvirus,rhinovirus,coronavirus,Norwalk andNorwalk-like viruses,hepatitisB,
non A non B hepatitisandpapovavirus(Almeidaeta!., 1971;Chaudharyeta!., 1971
Kelenet a!., 1971;Kapikian eta!., 1972a,1973;AndersonandDoane,1973;Penney
andNorayan,1973;Flewett, et a!., 1974;Thornhill ef a!., 1975, 1977;Valterset a!.,
1975;Fauveleta!., 1977;Muller andBaigent,1980;Trepanieret a!., 1981;Brandteta!.,
1981;Dolin eta!., 1982;Stannardeta!.,1982;Petrieeta!., 1984;LouroandLesemann,
1984;Lin, 1984;Sreenivasanet a!., 1984;BeasleyandBetts, 1985;Johnet a!., 1974;
Kjeldsberg,1985;WoodandBailey, 1987;Vreeswijketa!., 1988;Wu eta!., 1989,1990).
The availability of type specificantiseraandmonoclona!antibodieshasfacilitatedthe
typinganddetectionof adenovirusesincludingnon-cultivabletypes40 and41 (Luton,
1973;Wood et a!., 1989).TheSIA IEM procedurehasbeenusedto detectrotavirus,
adenovirus,andherpesvirus (AndersonandDoane,1973;Lamontagneet a!., 1980).
The SIA IEM procedurecan be modified by using PAG to enhancevisualization
(Hopley and Doane, 1985). We haveused this method to detect rotavirusin fecal
specimens(Wu et a!., 1989) (Fig. 2)

Solid phaseJEM

Although IEM is considerablymoresensitivethanDEM, it is dependentuponthe
optimal concentrationsof antibody and antigen and is susceptibleto a prozone
phenomenon.Derrick (1973)describedan improvedIEM method employinga solid
phase(SPIEM) in which grids werecoatedwith antibodyandusedto capturevirus
from the specimen.This methodminimized or eliminatedthe prozonephenomenon
andwaslatermodifiedby precoatinggrids with staphylococcalprotein A to anchora
largerconcentrationof antiviral antibodiesfor the detectionof virus (Shualaet a!..
1979). A variationon this technique,introducedby Katz et a!. (1980), is the use of
whole Staphylococcusaureus organismsmixed with capture antibody as the solid
phase.This techniquesimilar to the other SPIEM methodsavoidsa prozoneeffect.
Milne andLuisoni (1975,1977),attemptingtofurther improvevirusdetection,addeda
secondlayerof decoratorantibodyto capturedvirus. Thissolid phasedoubleantibody
technique (SPIEMDAT) produceda halo or decoration around virus particles.
SPIEM hasbeenusedtodetectrotavirusandNorwalk virus in stoolspecimens(Lewis
et a!., 1988; Nicolaieff et a!., 1980, 1982; KjeldsbergandMortensson-Egnund,1982;

. —~-—~

Fig. 2. SIA PAG IEM detectionof rotavirusfrom fecal specimen,negativelystainedwith I
PTA. Magnification x 130.000.
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Gerna et a!., 1984; Doane, 1987). We have used SPIEMDAT to detect human
papovavirusesin urine (Giraldoet a!., 1982).Thesehighly specific immunosorbent
grids havebeenshownto increasethe sensitivity of electronmicroscopyfor certain
viruses 100- to 1000-fold (Hopley andDoane,1985).

Electrondensemarkers

The most recentdevelopmentin diagnosticvirology has beenthe application of
electron-densemarkersfor the detection,typing andquantitationof specific viruses.
Ferritin-labeledanti-speciesantibodieswere first usedby Patterson(1975) to detect
influenza virus. Immunoferritin labeling and negativestaininghavebeenused to
demonstrateantibodyattachementto hepatitisB coreantigen(HuangandNeurath,
1979) and for the identification of rotavirus, adenovirusand Coxsackievirus B5
(Berthiaumeet a!., l98lb). Gold-labeledIgG complexeshavealso been used as
electrondensemarkersto enhancethe visibility of antibody-coatedviruses(Lin, 1984).
Colloidal gold labeling has many advantagesover ferritin labeling andhas rapidly
becomethemarkerof choice(FaulkandTaylor, 1971).Thefirst useof colloidal goldin
clinical virology wasthe demonstrationby Stannardet a!. (1982)of the presenceof
hepatitisB viruse antigenimmunecomplexesin the serumof patientswithhepatitisB
infection. The term gold-labeledantibodydecoratoror GLAD wascoinedby Pares
and Whitecross in 1982 for the gold labeling of virus particles. Figure 3 shows
Norwalk-like virus in a fecal specimendetectedby colloidal gold-labeledsecondary
antibody. More recently,colloidal gold-labeledproteinA (PAG) has beenused to
enhancethe visibility of viruses.PAG IEM hasbeenemployedfor the detectionof
rotavirusandenterovirus(Hop!ey andDoane,1985; Wu et a!., 1989,1990).Figure 4
comparesrotavirus detectionby direct EM, IEM and threePAG IEM techniques.
Hopley andDoane(1985) reportedthat the sensitivity of the PAG IEM methodwas
40-fold greaterthan IEM andup to 1000-fold greaterthan DEM. Wu et a!. (1989)
reportedthat PAG IEM was50 timesmoresensitivethanDEM for the detectionof
rotavirus. Theseauthorsshowedthat the SIA method PAG IEM was the most
sensitiveof threePAG IEM techniquesfor thedetectionof rotavirusin fecalspecimens.
Theuseof collodial gold-labeledantibodytogetherwith solid-phasecaptureantibody
has the additional advantageof being able to detectviral antigenin the absenceof

S

S

Fig. 3. Detection of Norwalk-like virus in fecal ~pccimen using colloidal gold-labeled
secondaryantibody.The bar represents100 nm. (Photocourtesyof Dr F. Bishai,University

of Toronto.)
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Fig. 4. Negatively stainedrotavirusparticles detectedby: (a) direct EM, (b) direct IEM. (c)
agarosePAG IEM. (d) well method PAG IEM and (e) SIA PAG TEM. Magnification

x 59.500(bar represents200 nm).

morphologically recognizablevirus particles.Wu et a!. (1990)modified the SPIEM-
DAT techniqueandemployeda secondantibody labeledwith gold (SPIEMDAGT)
(Fig. 5). TheseauthorsshowedthatSPIEMDAGTwas800 timesmoresensitivethan
DEM and detected20% morerotaviruspositivestoolsthan commerciallyavailable
enzyme immunoassays.Colloidal gold IEM has also been used to type viruses.
Vreeswijk et a!. (1988) have used specific gold-labeledantibodies to distinguish
varicellazostervirus from herpessimplexvirus in skin lesionspecimensandto identify
HSV type I and II viruses. We have used a modified SPIEMDAGT procedure
employingtype-specificmonoc!onalantibodiesfor the direct typing of rotavirus in
stool specimens(Fig. 6).

CONCLUSIONS
Direct EM employingnegativestainingfor thedetectionof virus particlesin clinical

specimenshascontributedsignificantly to the diagnosisof viral infections.PTA and
uranyl acetatehave played important roles in newly developedIEM techniques.
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Fig. 5. SPIEMDAGTdetectionof rotavirusparticlesusingsolidphasecaptureantibodyand
gold-labeledsecondaryantibody. (A) Clumped rotavirus particles showing specific gold
labeling.(B) Singlevirus particlesshowingdetectorantibodyhaloandgold-labeledsecondary

antibody, negativelystainedwith PTO. Bar represents100 nm.
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Fig. 6. Serotyping group A rotavirus by SPIEMDAGT using type-specificmonoclonal
antibodies.A rotavirus positive stool was tested by SPIEMDAGT with monoclonal
antibodiesto types 1, 2, 3 and 4 followed by gold-labeledanti-mouseIgG antibody. The
figuresshowsgold stainingonly with monoclonalantibodyto type4 rotavirus (lower right

panel).Magnification x 106,250.
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Concentrationtechniqueshaveincreasedour ability to detectvirusescausinghuman
disease.Applicationof indirectIEM techniquesusinga secondaryantibody(unlabeled
or labeledwith colloidal gold) hashada major impacton facilitating thedetectionof
small virusesor virusespresentin low numbers.The developmentof solid phase
techniquesemploying immobilized capture antibody together with gold-labeled
decoratorantibody(SPIEMDAGT)hasonly recentlybeenemployedin thediagnostic
virology laboratorybutwill surelyplay a largerrole in yearsto come.Theroleof direct
EM howevershouldnot be overlookedsinceit remainsthe easiest,most rapid and
versatileEM procedurefor detectingvirusesand for this reasonshould be usedin
conjunctionwith otherproceduresfor diagnosingviral infections.
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