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In conductinrg the research reported here, the investigators
adhered to "Principles of Laboratory Animal Care" as estab-
iighed by the National Society for Medicel Research.
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ABSTRACT

Hemegglutination and fluorescent antibuuy &re compared for the direct
deiectivn i vivus Jovelld =€ heost cells. The minimum number of tissue
plaque-forming units of Venezuelan equine sncephalowyelitis virus thac
could be detected by the hemagglutination technique was determined.
Simiiar concentrations of the virus in bovine albumin borate saline,
brain-heart infusion broth, and deminerzlized water were tested by the
fluorescent antibody technigue. Somewhat higher concentrations of the
virus in bovine albumin borate saline were used in the hemagglutimation-
inhibition test, The quantitative hemagglutination procedure employed
for these studies was carried out at 37 C for 75 minutes with variations
in concentration of goose red ceils. As 2 result of lowering the red
cell concentration, smaller conc ntrations of virus were detected. The
.irect fluorescent antibody sta‘ning procedure applied to slide prepara-
tions containing known numbers [ tissue culture plaque-forming units
of virus was negative, Adsorbec viral antigen on agglutinated goose
erythrocytes was visualized by direct and indirect FA techniques.
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L. INTRODUCTION

The purpose of this inveatigation was to compare the hemagglutination-
inhibition (HAI) test with fluoreacent antibody (FA) in the detection of
Venezuelan equine encephalomyelitis (VEE) virus relatively free of host
ceils. Datz relating to FA steining of VEE virus adsorbed on goose
erythrocytes are also presented.

The existence of hemagglutinins in a number of arthropod-borne viruses
(arbovirusq;) wag initially shown b 'n and his associates.’™® Since
Porterfield first demonetratod tha. - ' e erythrocytes could be aggluti-
nited by arhovizuses, goose cells were uereafter routinely used by
aneatigators" in hemagglutination \nA) and hemagglutination-inhibition
(HAI) tests, ghe use of the HAI reaction in classifying arboviruses has
been reported. *3° The use of impuinological characteristics for classi-
fication of arboviruses hag also been reported, odis

The present study, directed toward utilizing the HA technique for
detecting arboviruses, was influenced by the fact that the HA test is
simple and rapid, ard {t 18 best performed in the absence of host cells.
The FA procedure up .o the preesent time has been applied successfully
only to tissues infected with viruses.'*™*® There is a lack of data in
the literature concerning the use of FA techniques in the detection of
arboviruses free of host cells. in this study, thc sensitivity of the
HA reaction is shown to be relsted to the quantity of red cells employed.

Il. MATERJALS AND METHODS

A, VIRUS

The origin of the Trig}dad strain of VER virus employed in this study
was previously described.” }he plaque technique on chick ewbryo mono-
layers described by Dulbecco'® with Hestern equine encephalomyelitis virus
wvas used for quantitative assay of plaque-forming units (pfu) in the stock
virus, Pooled infectious culture fluids were centrifuged at 3000 rpm for
30 minutes, and the supernatant fluid was then filtered through a membrane
filter* to fnsure the removal of all particulate matter. This materfal
served as a sourze of virus for this investigation.

* HA Millipore Filter, Mill{pore Filter Corp., Waltham, Mass.




E B. CHEMICAL REAGENTS AND ERYTHROCYTES EMPLOYED FOR HEMAGGLUTINATION AND
? HEMAGGLUT. INATTON-INHIBITION TESTY

A full description of the source and preparation of goose erythrocytes
and preparation of all reagents has been given by Clarke and Casals,

; C. DIRECT COUNTING OF ERYTHROCYTES

The total number of cells used for conducting HA and HAI tests was
counted directly with the Levy-Hausser, double ruled Neubauer blood cell
counting chamber,

D. IMMUNE SERA FOR THE HEMAGGLUTINATION-INHIBITION TEST

Specific rabbit VP@ antiserum was prepared according to the method of
Siepel wl Tlugerman. The serum gave a hemagglutination~-inhibition titer
of 1:10,240. Before using the serum, it was treated with kaolin ana
adsorbed with erythrocytes to remove nonspecific inhibitors and agglu-
tinins by the method of Clarke and Casals.
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E. DETECTION EXPERIMENTS WITH HEMAGGLUTIRATION TEST

pe s

Initial experiments were designed to examine the effect of red blood
cell concentration on the number of virus pfu that could he detected,.
The hemagglutination test with goose red cell suspensions, which varied
i concentration from 7,500,000 to 1,500,900 cells per milliliter, was a
modification of that described elsewhere. Twofold dilutions of tissue
; culture fluid crntaircing VEE virus were prepasred in 0.27% bovine albumirc
i borate saline (BABS), pK 9.0. A total of four dilutions were utilized
(0.5 mi per dilutfon), Each diluticn of virus was combined with differ-
ent concentrations of poose red cells (0.5 ml volume). The resulting
mixtures (pH € 4) were shaken and the reaction was allowed to ~roceed
at 37 C for approximately 75 minutes. The final tudbe showing complete
agglutination, manfifested by a unfform, thin, translucent shield of
cells covering the lower surface of the iube, was taken as the endpoint.
An incomplete shield combined with a dark ring of ceils indicated partial
hermgglutination. Ordiparily, the *ransition from complete agglutination
to the absence of agglutination was rather abrujt, with one tube showing
partial agglutinatioa between these extremes (Fig. 1 and 2). The test
was not considered valiu unless the erythrocyte cell controls were
completely negative.
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The hemngglutination-inh}bttion test was conducted according to tte
method of Clurke and Caszls., The homologous immune rabbit - _rum wae
used in a dilutfon of 1:6/ in 0,27 BABS, pE ©.0. An apo~.priate volume
(0.5 ml) of goose red cell suspension wae added to ~-cn serum-—virus
mixture. A serum control was prepared by comoining ejmal volumes of serum
and BABS. The serum control assured that nonspecific agglutinins were
absent. Specific identification of virus was indicated by a complete
HAI reaction, with red cells accumulating as sharply demarcated discs.
In the virus control, the cells agglutinated and settled as a thin,
uniform transiucent shield covering the entire bottom of the tube.

F. DETECTION EXPERIMENTS WITH THE DIRECT FLUORESCENT ANTIBODY TECHNIQUE

For comparative studies, concentrations of virus previously detected
by the HA test were selected for fluorescent antibody staining with
labeled VEE antibody globulin,

1. Chemical Reagenta

Fluorescein isothiocyanate (FITC)* was used to label globulins
in the direct method and lissamine rhodamine RB 200* for counterstaining.

2. Fluorescein Isothiocysanate-Labeled Antibody

Rabbit antiserum used was the same as that mentioned previously in
the HA test. The immune globclinawaa precipitated from whole serum by the
methanol method of Dubert et a.., and reconstituted te five-eights of
the original volume. This globu:lin solution yielded an HAY titer of 1:5120,
Total protein was determined by the micro-Kjeldahl procedure.

The conjugated globulin fraction was prepared accordi§§ to a
modification** of the method of Marshall, Eveland, and Smith. The
powdered FTTC wag dissolved in a mixture of unbuffered ealine and 0.5 M
carbonate-bicarbonate buffer (pH 9.0) prior to adding globulin solution
(preadjusted to pH 9.0 with 0.1 M NaOH). The serum-dye mixture containeu
10% buffer and 0.04 mg FITC per mg of protein. The final pH of the mixture
was 9.0, The mixture wes allowed to react at & C for 18 hours with gentle
agitation. Untagged dye was removed by passage through a Sephadex column
{G-25, medium grade), and eluted with physiologicil saline. The antibody
titer of the final conjugate was 1:1280 as determined by HAI teot. The
concentration of bound FITC was 28.2 micrograms per mg of globulin.

This was dctermined from standard calibration curves relating FITC con-
centrations {n 0.1 N NaOH to absorbance at 490 my:, and protein content
(biuret reaction) to absorbance at 560 mu.

: % Securad from Baltimore Biological Laboratories (BEL).
i % Suggested by Maxwell R. Klugermsn, perscnal communicatiom.
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3. Preparation, Fixation, Staining and Examination of Smeare

The stock VEE-virus preparation used in the HA test was aleo used
in the preparation of smears for FA staining. A quentity of virus pfu in
0.05 m! waz deposited within & l-cm square on & 3- x l-inch glass slide,
The slides were dried and kept in_thsarefrigerator at & C until processed.
Smears were fixed in 107 formalin*®’ for 10 minutes at om tempersture
and washed twice in buffered saline, pH 7.2. Preparstions wevre dried at
37 C for 20 minutes. Four slide preparations were used with each concen~
rration of virus tested. Two of the preparations were counteratained with
lissamine rhodamine RB 200. Smears were stained directly with a drop of
VEE fluorescein-labeled antibody sclution for 30 minutes in a moist chamber
at room teuperature, Following this, the slides were rinsed and washed for
10 minutes in carbonate-bicarbonate buffer (0.5 M, pH 9.0) andbmpunCed in
glyceroi adjusted to pH 9.0 with carbonate-bicarbonate buffer, ® Labeled
globulin was used undiluted and diluted 1:2 with neutral buffered saline,
Specifications for the fluorescence lamp and microscope used have been
described previously.33 Slides were examined for specific staining of
virai particles and fluorescent reactions graded on the hasis oi lowert
to highest estimated intensity (I+ to &4+),

G. IMMUNOFLUORESCENCE TECHNIQUES IN STAININC OF VEE VIRUS ADSORBED ON
GOOSE ERYTHROCYTES

The agglutination of erythrocytes by VEE virus suggested exploration
of the possibility of usirg fluorescent antibody to visualizz virus
parcicles attached to the surface of fcose =rythrocytes and to compare
direct ard indirent fluoresceut antibody . aining wmethods.

Prior to use Jf fluorescent antibody staining, the appearance of
erythrocytes agglutinated by the viral antigen was observed. The HA
test wag conducted ag follows: A quantity ot 6 x 1U° goose erythrocytes
was added to 35 x 107 tissue cvlture plaque-forming units (tepfu) of
virus in 3ABS. Virus-erythrozyte auspensions were shaken continucusly
in a flat-bottomed plastic petri dish (50 mm) for 10 minutes. The
effect of virus adscrpt.on »u goose erythrocytes was exawmined both
macrogcopically and microscopically (Fig. 3). Photom!.rographs were taken
on Panatomic X film at an exprsure of 1/125 se.und through a Zeiss micro-
scope equipped with a 12X ocular and 1CX objective of N.A. 0.25.

Simaars were prepared from the ggglutinated erythrocyte-viruvs mixture,
mllowed to air-dry, and then fixed in formalin. Spe-~{fic whole rabbit
ant {~V¥L serum was used for dicect and indirect staining of the erythrocyte-
virus complex. A poriion of the unlebeled globulin fraction was also used.
A flucrescein-conjugated goat anti-rabbit serum used for indirect staining
wis obtainad commercialiy (BBL). The direct stuining technique uzed in
tkis study was thst deacribed previously for smears made from infectious
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fluids, The indirect technique ccmsisted of covering the smears with ome
or two drops of appropriate dilutions of either immune wholée serum or
globulin., After Incubation for 30 minutes at room temperature, the smears
were washed by immersiom in carbonate-bicarbonate buffer, pH 9.0, for 10
minutes. Preparations were then stained with FITC-labeled goat anti-
rabbit globulin for ome hour at room temperature. Following staining,
slides were again washed for 10 minutes and smears were mounted in buffered
glycerol. Reactions were viewed by fluorescence microscopy. Photographs
were taken on 35 mm Tri-X film with a Leitz fluorescent micrescope equipped
with OSRAM HRO-200-W fluorescent lamp and 10X photo ocular and 40X objective.
Filters used were Schott BG-12 exciter filter (3 mm) in combination with
barrier filter 0G=1 (I mm). Controls consisted of examing (i) unstained
smears of erythrocytes treated with VEE virus; (ii) erythrocytes wichout
virus treated with normsl rabbit glotmlin and stained with fluorescent~
labeled, goat anti-rabbit gamme globulin; and (iii) infected erythggcytes
used for inhibition of fluorescence in the one-step blocking test. In
this test, sn:ars were stained in the usual manner with mixtures of equal
parts of labeled antibody and unlabeled antiserum. Proper dilutions of
each reagent were used.

III. RESULTS

g

Figure 1 shows that as the concentration of red cells decreases, the
HA test becomes more sensitive, and fewer infective particles are detected.
The highest level of sensitivity (least number'of viral particles detected)
was obtained with approxfmstely 1,500,000 REC. Small concentrations of virus
could be detected with an equally small concentration of RBC. Larger num-
bers of RBC tended to mask the oresence of virus (Fig. 1). A mixture con-
tairning 6 x 10% RBC and 3.5 x 103 tepfu did not produce hemagglutination
(row 2), but a RBC suspension of 1.5 x 106 resulted in complete agglutina-
tion (row 4). Experimental results tend to Ind’ ate & direct relatlomship
Letween the lowest virus concentration that can .e detected and the number
of indicator cells used in the tes{. When the RBC concentration was
increased from 6 x 106 to 7.5 x 10 , the smallest detectable concentration
of virus was 14,250 tcpfu (row 1). The results show that low concentratfons
of virus can be detected with small numbers of RBC. However, the use of
very low concentrations of RBC was precluded by limits of visibility. When
RBEC were utilized ir concentrations below 1.5 x 106, reactions could not be
accurately asseased because button formation was not easily obaervgd. In
consequence of these findings, red cell concentrations of 1.5 x 10° to
3 x 10° were selected for routine dilution tests.

ST N %
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As seen in Figure 2, the quantities of the test virus used were com-
pletely irhibited as indicated by the cells' settling as sharply demarcated
red discs. Agglutination was cbserved in tubes without serum. The third
tube in the virus cell control showed an incomplete shield combined with
a dark ring of cells indicating partial hemagglutination.

The comparative assays of fluorescent antibody and agglutination-
inhibition procedures are shown in Table 1. The direct fluorescent anti-
body method faiied to show any evidence of specific fluorescence with virus
deposited on slides. On the other hand, virus concentrations of 28,500,
14,200, 7,100, and 3,500 were detected with the KA test.

TABLE 1. COMPARISON OF HEMAGGLUTINATION-INHIBITION
AND DIRECT FLUORESCENT ANTIBCDY PROCEDURE
IN DETECTION AND IDENTIFICATION
OF VENEZUELAN EQUINE ENCEPHALOMYELITIS VIRUS

Fluorescent
Type of Holding Antibody
Fluid Teprud/  mard/ Procedure
0.27% bovine albumin 28,500 +&/ -c/
borate-~saline,
pH 9.0 14,250 + -
7,125 + -
3,562 + -

a. Tissue culture plaque-forming units,
b. Hemagglutination-inhibitiom.
¢. +, Hemagglutination-inhibition (positive with rabbit
anti{-VEE serum)
~, Fluorescent antibody reaction negative with rabbit
anti-VEE conjugate.

Figure 3 shows goose erythrocytes with and without adsorbed VEE virus.
Treated cells in photograph B characteristically display aggregated of red
cells forming large dark masses of agglomerated cells; untreated cells in
A show absence of aggregates. Photomicrographs A. and By demonstrate the
agglutinstion effect more clearly.
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Figure 3,

WA ORIRATS TRAERAN e S

Photographs of Goose Erythrocytes Treated and Untreated
with VEE Virus.

A. Untreated red cells observed macroscopically
demonstrating absence of cell aggregates. (X 1.7)
B. Treated red cells examined macroscopically showing
the presence of aggregates of cells. (X 1.7)
Ay and B;. Higher magnification of the agglutination
affact, (X 110)

13
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A comparison of the direct and {ndir-<t fluorescent antibody sta.aing
method for visualization of VEE virus adsorbed on goose crythrocytes cam be
seen in Figure 4, Photograph A showe positive fluoreacence a: the peripnery
of red cells. Brilliant staining of viral aggregates was obtained by
indirect staining (photographs B and C)., The fluorescent resgemt, applied
after covering the smears with whole serum and serum fraction, stained
virus~agglutinated cells with equal intensity. Areas of autofluoré:-ence
are seen in photograph D but the specific reactions appeared brighter,
with color definitely yellow-green and more distinct.

IV, DISCUSSION

The results presented in Figures 1 and 2 show that lower concentrations
of VEE virus can be detected by reducing the number of goos> ervthrocytes.
The HA test can detect the presence of VEE virus in 75 minutes. The sci-
tling patterns of cells served as the index of detection. Positive detec-
tion was evident by a thin shield of cells covering the entire lowe. surface
of the tube. In no detection, the cells settled as dark, red central
buttons.

An attempt to demonstrate the presence of naked virus in swear prepara-
tions by direct {mmmocfluorescence failed with all virus ~oncentraiions
tested (28,500 to 3,562 tcpfu). This result could be expected, #ince the
virus is not sufficiently large for visualization undexr the ordinary iight
microscope. ;’Pg.;veuge particle size of arboviruses in group A is approxi-
mately 50 ma. To vigualize particles of this size i~ is necessary to
use the electron microscope.

The amount of fluoreacent autibody reacting with an individual virus
particle iz undoubtedly too low to visualize Ii. the fluorescent microscope.
In experiments with radioiodinated sera, Boursnell, Coombs and Rizk®® showed
that msasuremant of antibody was dirficult wvhen the smount of antibody com-
bined with antigen was small. 1In addition, viral particles in smear prepa-
rations were scattered and not confined to a localized area. In contrast,
infected tissue cells contain lcr,: amounts of antigen in discrete foci as
s result of virus multiplicatiom, Therefore, these foci can be readily
observed when staived with specific fluorescein-labeled antibody,

In theory, fluorasce.t antibody sesms to be a sensitive technique for
detecting virus. However, soms i{nvestigators have reported a lack of
correlation between fluovescent antibody reactiosis i{n tissue culture and
other ufudtrd tests. It is known from the werk of Hatch, Kalter, and
Ajollo' that a positive neutralisation test was not always correlated
vith a pogitive FA resaction. They compared neutralization and fluorescent
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Figure 4. Photographe of Goose Erythrocytes (6 = 106) - VEE
Virus (35 x 10° TCPFU) Complexes Stair~d by the
Diract and Indirect Methuds of Immunofluorescence,

A. Direct staining with fluorescein-tagged whole
ant{-YEE rabbit serum.

8. Virus agglutinated cells trested with whole
anti-VEE rabbdit serum and counterstained with
fluorescein~labeled goat anti-rabbit globulin
{{indirect method).

€. Virus sgglutinated cells treated with rabbit
anti-VER globulin fraction and ccunterstained

: with fluorescein-labeled goat anti-rabdit globulin
(indirect method).
D. Erythrocytes (without vi{rus) treated with normsl
) » rabbit globulin and counterstained with fluorescein-
labeled goat anti-rabbir globulin.
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antibody reactions for identification of poliovirus in tissue cells.
Unsuccessful attempts to qﬁsect rubella virus in monkey kidney cells
with direct®® and indirect staining have been reported. These fail-
ures to demonstraste virus may have resulted from a low rate of virus
multiplication. '

The employment of goose erythrocytes provides a convenient method for
concentrating and visualizing VEE virus aggregates by fluorescent micras-
copy. A similar procedure has been used by BEwy and Luf®” and involved
fluorescent staining of influenza virus adscrbed on chick red blood cells.
In the current study, approximately 35 x 105 tepfu of VEE virus and 6 x 10
gocse red blood cells were employed. This was the limit of virus quantity
examined. The indirect fluorescent antibody method appeared to produce
better visualization of adeorbed virus. Reactions were less discernible
with the direct technique.

Data presented in this report show the possibility of detecting cer-
tain arboviruses belonging to group A with antiserz containing specific
antlbodies. In additicn, the results tend to indicate that the HA test
is more scngitive than fluorescent antibody in the detection of VEE virus.
This may possibly be explained on the basis that small scattered virus
particles (50 m: or less) free of tissue cells are beyond visualization
in the fluorescent wicroscope. The use of goose erythrocytes for con-
centrating virus may be a valuable adjunct to fluorescent antibody stain-
ing procedures.
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