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SHORT COMAIUNICATION

ELECTRON MICROSCOPY OF RUBELLA INFECTED BHK21 AND \IERO CELLS

PRAKORB 'rucHiI*:DAI SHIRO NII2, T'AKAHiRO SASADA3, TsuGL:YA
NATTO' NOBUA, 11 ON02 and 1<ANAT CHATIYANOi\;'

Virus Resentcl\ Institute, Department of ATedical Sciences. Yod-se, Bangkok, Thailand and
Departmeitt of Pathology, I{eseai'clt Institute for A, Iicrobial Diseases, OSal<a Uni\'ersity, \ am a-
da-kami, Suita, Osaka

(R. .. iv. d May. 30,1969)

\orrby at a1. (1963) first reported o1\ the inor-
phology, of rubella virus by ITegative stainiiTg.
The^ obser\, cd particles with a strong resem-
blance to those of mouse leukemia \, irus.

Structures resembling paramyxoviruscs also
seemed to be prcsent in the \, Irus (Philips at al. ,
1965).

Data in rcccnt reports on thc size and struc-
ture of the particles observed by electron micro-
SCOPy ITa\, c heelT in agreement, though differing
from those reported by earlier authors. Best
at a1. (1967) 0bscrved itegatively stained aggrc-
gates in preparations of \, irus infected tissue
culture fluid and specific rabbit antiseruin and
reported that the virus particles ranged in size
bet\^eelT 50 and 70 in/!. 01\ the other hand
Holmes et a1. (1968) reported two types of virus
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particles in sections of rubella-infocted RK13
and BHK21 cells, one being 60 nvt in size.
Virus particles \\, itIl the same morphology and
star **tre al, . rep. "t. d by Marphy at a1. (1968)
in rubella-infoctcd BHK21 cells. ATCCombs

at a1. (1968) reported that the core of rubella
virus is approximately 35 in" in diameter and
the entire virion 50 in" in diameter and Hamvas
at a1. (1969) .b, "ringd parti. re^ of 60-70 in/,
in RK13, SIRC and BHK21 cells infectcd \\, ith
the same agent. Independently from these
studies \\, e I\avc observed the same particles of
about 60 inn iiT size 11\ ultra-thin sections of
rubella infected BHK21 and VERO cells. This

report presents elcctron micrographs of our
findings.

The Baylor strain of rubella virus \\, as kindly
supplied by Dr. Y. Mineka\\, a. BHK21j\\71-2
cells of tl\c baby hamster 1<idney line aiTd
VERO cells of the African green monkey kid-
ne\, line were used for experiments. The
former \\, as routinely cultivated in medium
consisting of 907, Eagle's Allnimum Essential
Aledium and 107, calf serum while the latter
was grown in 199 medium supplemented
with 3% calf serum. Rubella \, irus samples
for infection of cells \\, ere prepared as follows.
\\'hen maximal cytopathic effects were observed
in infected cultures, cells and fluids \\, ere
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harvested and subjected to 3 cycles of freezing
and thawing. Then the fluids were clarified
by centrifugation at 2000 rev!min for 15 min
and the resulting super natant fluids were used.

For electron microscopic studies of rubella
infected BHK cells, monolayer sheets grown in
30 inI FalcoiT plastic bottles \\, ere inoculated
with 2 inI of viral sample having a titer of 16HA
units. One week later \\, hen tlie cultures show-
ed maximal cytopathic effects the cells \\, ere
scraped off from the flask and the suspension
was centrifuged gently to form pellets for elec-
tron microscopy. As controls, ITormal cell
cultures \\, ere inoculated with the same amount
of Minimum Essential Mediuin as that of the

virus inoculum and then treated similarly to
the infected cultures. Procedures for electron
microscopy \\, ere essentially the same as those
rep. rt, d previously (>;~11,1969). Himchi 11B
and 11 C electron microscopes \\, ere used for
observation.

Fig. I-11 show electron micrographs of
rubella infected BHK21j\\;I-2 cells. In Fig. I
many vacuolar structures are seeiT in the cyto-
PIasm and one round and two oval particles are
clearly observed in the vacuoles. One particle
which Is presumably oval is also seen in the
right part of the picture. The outer envelopes
of the particles appear to consist of the three
layered structure characteristic of a unit mein-
brane. Cores consisting of aiT electron dense
shell and an inner part of low density are round
or oval and their shapes may determine the
general in orphological appearance of the whole
particles. A narro\\, relatively electron clear
area is detectable between the envelope and the
core of the particles. Fig. 2 also shows three
particles located in vacuoles.

The diameter of round particles and length
of the short axis of oval particles were found to
be about 60 in/! while the size of round cores
or shorter axis of oval forms of cores was about
30 inn-

Fig. 3-6 illustrate the process of budding of
particles. In one vacuole in the left of Fig. 3
two particles are in a budding enveloped with
a vacuolar membrane. The budding process

of one particle shown in Fig. 4 is almost
complete. In Fig. 5 two particles are strung
together by a common outer membrane giving

a dumb-bell shaped particle. Part of the
eiTvelope of the left particle is still connected to
the vacuolar membrane. Fig. 6 shows a single
budding particle and an aberrant fomT in the
middle of the picture. Fig. 7 shows t\\, o ex-
tracellular particles while in Fig. 8 one particle,
indicated by an arrow, seems to be budding
from a cytoplasmic process. Occasionally tu-
hular forms \\, ere also encountered, as showiT in
the left upper corner of Fig. 9. A multiple
layered membrane structure to which an array
of granules are attached was observed but its
significance is unknown (Fig. 10). Dilated
cisternal profiles of the endoplasmic reticulum
were occasionally observed like those reported
in measles infected mouse brain by wear er al
(1968) (Fig. 11).

In uninfected BHK cells no particles suclt as
those described above have so far been ob-
served. However, ITamster cells sometimes
harbor particles of 85 in/t diameter (Bernhard
and Tournier, 1964). To avoid having to dis-
criminate inorphologically between forms of
rubella virus particles and those of the passenger
virus carried in ITamster cells, VERO cells \\, ere
used since Ilo latent virus has been found in

this cell line. VERO cell passaged rubella
virus of the Baylor strain was used for infection
of the cells. Particles of about 60 inn diameter
were also detected in infected VERO cells. In

Fig. 12 several particles are seen budding in a
cytoplasmic vacuole.

To study the development of rubella virus
in relation to production of hemagglutinin and
infectious virus and to the extent of cytopathic
effects in rubella infected cultures a time
sequential study was performed as follows.
Replicate VERO cell monolayers of 3 XI06
cells each were inoculated separately \\, ith
0.5 inI of viral sample having a titer of 8 HA
units. After a 2 hr adsorption period the in-
oculation medium was replaced by mainten-
anCG medium and 3,4.6,9 and 11 days after
infection four bottles were removed from the
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incubator. Three \\, ere used for assay, of in-
rectivity and Itemagglutinii\ in infected cells
and the fluid phase of the cultures \\ hile the
fourth was used for electron microscopy. In-
fectivity titrations were carried out in VERO
cells by the endpoint method in tube titrations
Fifty per cent cytopathic doses \\ere calculated
after a 15 day period. The infective titer ob-
tained by this nTethod \\as approximately the
same as that calculated by the 507, Inter-
ference dose (In050) using ECHO-11 as chal-
Ienge \, irus. Assay of ITemagglutiniiT \\, as per-
formed \\ ith pigeon erythrocytes by the method
of Stain"t at a1. (1967) with " alight inodinc, -
ti, n (S"*ad", 1968)

The experimental results are showi\ in Table
I. A fe\\, particles appeared in groups in cyto-
piasmic vacuoles or singly in extracellular spaces
+ days after infection and the date of their first

coincided \\, itIT that of the firstappearance

cytopathic effects observed in the Infected CUI-
Thereafter thc number of dctcctablctures

\, irus particles increased \\, ith time after infec-
tion.

All the viral forms observed in rubella Infect-
ed BHl< cells \\. CTe also detected in VERO cells
in this time sequential study. lit samples at

later stages of virus infection many aberrant
forms were also observed. The arro\\, in Fig.
13 indicates a core adjacent to a varcuolar mein-
brane. ATany particles \\. ith aberrant forms
are seeiT in a cytoplasmic vac\101e and nTost of
them are tubular. In the \, acuolcs sho\\ n in

Fig. 14 there are some round particles of about
60 inn diameter and many bigger viral particles
with various aberrant forms. A fe\\, \, ery big

are also observed. Several cyto-particlcs
PIasmic vacuoles sho\^IT in Fig. 15 contain
numerous round particles

Fig. 16 and 17 illustrate round extraccllular
particles. They are uniform 11T size with an
average diameter of about 60 inn-

Dilated cisternal profiles of the endoplasmic
reticulum arc also observed in infected \IERO

cells (Fig. 18) 111<e those in infected BHK cells.
No viral particles \\, ere obscr\, ed In unin-

fected \IERO cells.

^'c ha\, e I\ever observed crystalline structLires
suclT as those found by 1<1m and Boatman
(1967) and by H. Im, ^ at "I. (1968,1969). Th.
significance of sucl\ structures is uncertain.
This problem will be discussed in a subsequent
report

In conclusion, electroiT microscopic observa-

TABLE I. Appeoi'ance of win/ pintz'c/es an INbe//tt-Infected VERO cells coll'e/rited rel'th exient of
CPE and litei' of Infectt'ONs cal'Ms and lieni, Igg/utz'Mill

Days after \, irus Inoculation

Virus particle"

CPE"

HA

TclDs,

Repticnte PERO cell 7110"o10ye, 's tufth 3 X IO' cells each areI'e trioci, !died sepal'ate!y coilh 0.57,11 o1 an'I'd! sailiple,
(t, 'tel', 8 HH I'm'ts). ajiei' a 2 hi' ttdso, IPtio" period the inoculation fill'd tons replaced by 7110i, ite, lance 711ed, ham
and 3.4,6.9 and 71 days Intel' foul' bottles reele I'e, "ot:ed 1101, , the inc"batoi'. Three ?cei'e arsed for assay of
infect, '"ity and hemngg!titi"ill and the other 101 electr0, I 7111ci'DSCopy
a Relative number of virus particles observed in sectioned cells of samples prepared on the date indicate
b Extent of CPE revealed in the Infected cultures

c Not tested

associatcd witlt cells

in culture fluids

associatcd with cells

in culture fluids
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FIGURE I. aind 2. Ri, bend ",'1.1b, is 1'11 cj, !DPIas, ,11'c urici, o1es of BHK 211W/-2
cells, o11e ECeek riftei' wit's 1110c, ,/aji'o11.

FIGURE I. x 85,000 FIGURE 2. x 78,000
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FIGURE 3.4,5 11nd 6. B, ,ddri!" PI'DCe$3 o1 ri, bellrr an'!'i's pal tic/,* 11/10 cj, !Dpin31/11'c
"ac!101es of BHK21!W/-2 cells, Dire reee/* 4/1ei' o1'ri!s 1110ci, /nil'o11. 111 F1'". 5 o11e
d!, 1116-bell 117^ partJc/e, 's hiddr, Ig diff/111 Fib. 6 o11e t, bell'o111/01', ills shott, ! be. w'des
o11e pn, '!IC/e 7,111i a $111g/e bi!d

FIGURE 3. x 74,000 FIGURE 4. x 64,500
FIGURE 5. x 75,000 FIGURi: 6. x 71,000

FIGURE 7. T, co a\ fluce//"/in pal. tic/es o1 I libel/a an', i's. BHK21j11//-2 cells,
one reeek alley "11'113 I', IOC!,/all'ci, . X 57,000

FIGURE 8. Tile ai'lot, Jiltfic"/es 611ddr, I" of 1116e//a '11/1s Iron, ,, cy!Dpins, ,!IC
PI'DCess of n BHK21j\/-2 cell, o11e reee/t riflei '11/4s 1110c!,/o1,011. x47,000
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FIGURE 9. a 11th!,/"! 101'111 o11'116e//" 1111/11 111 Ihe 1</1 lip/, ei collier DJ Ihe pi'ci, ,I'e
A BHK21jW/-2 cell, one went anti wills 1110ci, miloii. x 72,500

FIGURE 10. A 11,111!role lanei'ed 111e, ,IbidJie 3/11/'11, I'e to tuftJt/I nil nil'ny of "!'rilli, -
Ie$ r's alloched. A BHK21!Un-2 cell, o11e week 41'1ei an', lis 1'110ci!/n!,'o11. x 83,000
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FIGURi: 11. DJ'/aird CIS!e! 11n/ PI o111es of Ihe eiidopltts, 111'c leiici!hill! 111 rr BHK21I
W1-2 cell, o11e areoft 4/1ei' ",'1'113 1'110ci, /all'o11. X 63,000

FIGURE 12. Birddriig qf 1'116e//a an'r!, s AQI'11'c/es I'i, a cyiop/as, ,11'c urici, o1e qf a
PERO cell, o11e icedt riflei "1'1'lis 1110c!,/o11'0, I. x 68,000
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Pull Oils 101'111$ DJ 111be//it '11/1s 111 cy!DPI"'11/1c "tic, 101eS ofFIGURi: 13 jind 14

n VERO c, //, 9 day$ rifle, "!'1'11$ Ii!o, 111rt/!'o11. Tiff an'orc I'll F1;,. 13 1'11drcnie$ ti
Colt anateii/ 10 a "nri!Dini' IN", 1/6/'11,

FIGiiiti: 13. x 53,000 FIGURi: 14 x 54,000
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FIGURE 15. Pull'o11,101'111$ o11'116e//a Drills 111 cy!DPIns, 111'c urici, Dies of a VfiRO
cell, 9 days riflei' of 1'115 1'110ci, /"!1'01i. x 44,000

FIGURE 16. ExtJuce//I'mI pal'/ICJes of 111be//a till'!, s, PERO cells, 9 ofnys of Ier
"11'113 1'110,111ntJo11. X 53.000
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FIGURE 17. E"Ir"cellii/ar pn, 11'c/es of 1116e//u ",'"113, PERO cells, 9 d"ys onei
un, s illoci, /at1011. X 55,000

FIGURE 18. DJ'/ated CIStei'11al profiles of tile endop/"3,111'c relic, ,/11/11 ill a 111be//a
litrec!ed PfiRO cell, 6 days 4/1ei' wills 1110ci, /"ti'o11. X40,000
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tions of rubella infected BHK211\V1-2 cells
and VERO cells revealed round virus particles.
The entire vinon had a diameter of about 60m,
and the core a diameter of about 30 inn. Van-
ous aberrant forms of particles were also ob-
served, especially in samples obtained at late
stages of Infection. Dilated cisternal profiles
of the endoplasmic reticulum were noted as one
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