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The CV1 strain of vaccinia virus has been 
recommended by Kempe et al. (1) for use 
as a modified vaccine for protection against 
the complications of conventional smallpox 
vaccine. This strain has been administered 
to substan tiail numbers of eczematous children 
with generally good results. We hiave studied 
some of the properties of the CV1 strain in 
comparison to the U.S. Reference smallpox 
vaccine (CL) in an effort to chanacterize 
this strain more fully, and to attempt to 
establish laboratory markers for modifioation 
(2-4). A peculiarity of the CV1 straiin is its 
inability to replicate well in humtan embryo 
kidney (HEK) cells, as first reported by 
Ellis and Folntes ( 5 ) .  The present study was 
undertaken to determine at what stage of 
replication noirmal CV1 virus production was 
blocked in HEK cells. 

Materials and Methods. Cells and media. 
Primary hulman embryo kidney (HEK) aells 
were obtained in screw-capped tubes or 8 
and 32 oz bottles from HEM Rfesearch, Inc., 
Rockville, MD. An ernbryonlic monkey kid- 
ney cell line (MA 104) was obtained firom 
the Cell Biology Branch of the Division of 
Vi mlog y , B ur eau of B i olog ifcs , B e thes da , 
&ID. 

Elagle's badal medium No. 2 ( 6 )  with 
0.03% (w/v) g'hutamine, 100 unilts/ml of 
penicillin and 100 pg/ml of streptomycin 
was used to maintain the cell cultures. For 
the HEK cells, 10% (v/v) fetal bovine se- 
rum (FBS) was added and for the MA 104 
cells, 2 %  FBS was used. 

-4ntiserum and conjugate. Antiserum to the 
CVl strain of vaccinia wa,s produced in rab- 
bits by a single course of 0.2 ml intradermal 
injections into 9 sites. The inocula consisted 
of serial 10-fold dilutions ranging from 4 X 
10s virus particles (vp) to 4 vp. Each rabbit 

received all 9 dilutions. The animals were 
bled 8 wk poshinoculation. Anti-rabbit serum 
prepared in goats anid labeled with fluorescein 
isothiocyanate was obtained from NordHc 
Pharmaceulticals and Diagnostics Co. 

Virus strains. The U.S. Reference Small- 
pox Vaccine, Lot No. 2 (CL),  of ualf lymph 
origin, is a lyophilized licensed vaccine pur- 
chased by the Bureau of Biologics and used 
as a reference vaccine in potency tests on 
other commercial simallpox vaccines. This ref- 
erence lot was denived from the New York 
City Board of Health strain of vaccinia vi- 
rus ( 7 ) .  The CV1 strain is a high passage 
chorioallantoic membrane (CAM) propagat- 
ed virus originally derived by R' livers as a 
modified vaccinia s t m h  (8) .  I t  too ortiginat- 
ed from the New York City Board of Health 
calf lymph strain but has been passed in 
rabbit. testicles, chick embryo explants and 
the CAM as described by Krempe et al. (1). 
Our virus seed (CV1-78) was obtained from 
Wyeth Laborakories, Inc. and passed once in 
CAM in our laboratory. 
Virus growth experiments. Virus yield w'as 

determined by inoculating tube monolayers 
of HEK cells with 0.1 ml of CL virus ( 106a3 
vp/tube) or CV1 virus ( 107e3 vp/tube). After 
1 hr for absorption, 1 ml of medium was 
added to eauh tube and to uninoculated con- 
trol tubes, and the tubles were inculbsted at  
37" for 5 days. The tubes then were frozen 
at -70". When particlie counts were done, 
the cellls were thawed, scraped from the gllass 
and sonicdtreated by a Raytheon sonic oscil- 
lator to release the virus. Blind passages of 
the CV1 strain were made by inoculating 
tube monolayer clultures of HEK cells With 
0.1 ml of a low2 dilution of the stock CVl 
virus and incubating at 37" for 5 days. Cells 
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were scraped from the glass, wnicated and 
0.1 ml of the suspension was used to inocu- 
late new cells. Five such pasages were made. 

Absorption of virus by #cells. HEK 
cells in tube cultulre were inoculated 
with 0.1 ml containing 2 X lo* vp/tzlbe of 
either the CV1 or the CL virus strain. Im- 
mediately after inoculation, 2 tulks from 
each virus set were removed and 0.9 ml of 
medium was added to each tube. The mono- 
layers were rinsed thoroughly and the medi- 
um was aspirated from eaclh tube and frozen 
at  -70'. The remaining tubes were incu- 
bated at  37' while virus absorption con- 
tinued. At hourly intervals up to 5 hr, tubes 
were removed, cells were rinsed with medium 
and the fluid was removed and frozen. Sub- 
sequently tlhe unabmnbed virus was titrated 
by plaque test on MA 104 cells by a stan- 
dard procedure described elsewhere ( 3 ) .  Vi- 
rus arbsorptian was calculated by the for- 
mula: 

% virus absorbed = 
plaque titer a t  time t 
plaque titer a t  time 0 

1 -  x 1m. 

Fluorescent antibody procedure. Monday- 
ers of HEK cells were prepared in 60 mm 
petri dishes. Plates were inoculated with 4 x 
lo4 vp af either the CL or CVl strain. Un- 
inoculated control plates were included in 
the test. Four hours of absorption time was 
allowed and medium was added. The plates 
were incuibated at 36' in a 5% COz atmos- 
phere for 24 hr. The plates then were fixed 
and stained by the method of Thiel and 
Smith (9) with anti-vaccinial rabbit serum 
and goat anti-rabbit serum conjugate, both 

of which had been absorbed with calf liver 
powder. The number of cells showing cyto- 
plasmic fluorescence per field was c m t e d .  
Five randomly selected fields were examined 
in each of 12 plates for each virus strain (24 
plates in all). nhe diameter of a field was 
measured using a hemacytometer grid, and 
equaled 1.225 mm. The area of a field was 
1.18 mm2 and the area of the plate was 804 
mm2, so that there were 681 fields/plate. The 
average number of infected cells per field was 
multiplied by 681 to obtain a titer of infect- 
ed cells per plate. 

Electron microscopy. Virus particle counts 
were made using the Sorvall SU counting 
rotor and electron microscoy>ic counts of the 
precipitated particles according to the meth- 
od of Sharp (10). Ultrathin sections of in- 
fected cells were prepared as follows: In- 
fected cell monolayers and uninoculated con- 
trol cells were fixed in situ with 2 %  para- 
formaldehyde2 % glfu teraldehyde in a caco- 
dylate buffer. The cells were treated with 
Dalton's chrme-osmium fixative and de- 
hydrated with increasing concentrations of 
ethyl alcohol. Prior to final embedding, cells 
were carefully scraped from the glass and 
sedimented by low speed centsfugation. Fi- 
nal embedding of the cell pellets was done 
in Durcupan. Ultrathin sections WIT stained 
with uranyl acetate and lead citrate and ex- 
amined in an RCA EMU 3G electron micro- 
scope. 

Results. Growth in HEK cells. Table I 
records the virus yields of the CL and CVl 
strains after a 5 day period of growth in 
HEK cells. Also shown is the yield from the 
fifth passage of CV1 in HEK cells. The CL 
stralin shwed an increase of 2 logs in first 
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TABLE I. Growth of CL and CV1 Vaccinia Strains in HEK Cells." 

Inoculum (vp/tube) Yield (vp/ml) Increase 

CL 
cv1 
CV1-5P HEK" 

6.3b 
7.3 
5.9 

8.3 
7.8 
7.9 

2.0 
0.5 
2 .Q 

"Tube monolayer cultures of HEK cells were inoculated with 0.1 ml of the virus strains. 
After an absorption time of 4 hr, the cultures were rinsed with medium and 1 ml of frwh 
medium added. Cultures were incubated at 370 for 5 days, after which the ceIls were scraped 
from t h e  tmbes, the fluid and cells were sonic-treated and virus particle counts were made. 

Log,,. 
@ 5th pabsage of CV1 in HEK cells. 
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HOURS 

FIG. 1. Absonption of CL and CV1 vaccinda strains 
by HEK cells. Tube monolayers of BEK cells were 
inoculated with 0.1 ml of each virus strain ( 2  X 
loo vp). Ait hourly intervals, sample tubes were re- 
m,oved and 0.9 ml of fresh medium was added. The 
monolayers were thoroughly rinsed and thie fluid 
was removed. The unabsorbed virus was titrated 
in MA 101 cells, Percentage albsorption was cal- 
culated as: 1 - (PfuT/PfuT,) X 100. 

passage, whereas the CV1 strain increased 
only 0.5 log over the input virus. After 5 
passages in HEK cells, the CV1 strain then 
displayed a growth yield of 2 logs, compa- 
rable to the CL strain. 

Absorption of CL and C V l  strains. Titpa- 
tion on MA 104 cells of virus not absolibsd 
by HEK cells produced an almost identical 
absorption pattern for the CL and CV1 
strains (Fig. 1).  After 1 hr, 2 7 %  of the CL 
inoculurn and 23% of the CV1 inoculum had 
bleen absorbed. After 5 hr, absorption had 
increased to 47% of tlhe CL strain and 50% 

of the CV1 strain. Evidently both strains 
are taken inlto the cells at equivalent rates. 

Fluorescent antibody staining of cytoplas- 
mic viral antigen. The production of viral 
antigen, as shown by fluoresicat antibody 
staining of viral anltigen in infected cells, was 
approximabely equal for the 2 virus strains 
(Table 11). Calculations from the average 
count per field of infected cells and the areas 
of the field and bhe dish showed 2431 infect- 
ed cells/plate for thle CL strain and 2213 
infected cells/plate for the CV1 strain. Pro- 
diuction of viral protein apparently can pro- 
ceed equally well with either strain. 

Electron ~ ~ G Y O S G O ~ Y  studies of progressive 
virus infection. HEK cells were infected at  a 
multiplicity of 25-33 pfu (as measured in 
MA 104 cells),/cell with either the CL or the 
CV1 strain of virus. An absorption period of 1 
hr was peumitted after whilch the monlolayers 
were rinsed and fresh medium was added. In- 
cubation was at  36" for periods of 4, 8, 12, 16 
and 24 hlr and was terlminated by fixation in 
paraformaldehyde+glutaralldehyde, and subse- 
quent mbedding in Duircupan. At 4 hr postin- 
fection, the only evildence of dnfection by the 
CL strain was the presence of viral cores in 
the cytoplasm (Fig. 2A). At the same period, 
typical cores were not seen in the CV1-infected 
ceBs but several of the cells contained large 
swollen bodies with a dense central portion 
(Fig. 2B). By 8 hr, the CL stlrain was under- 
going the normal early replicative pattern 
(Fig. 2C) with viroplasm being enclosed in 
the typical vaccinia mambrme. The CV1 
strain was in a similar stage of development 
as is seen in Fig. 2D. 

At 12 hr the fulI panorama of vaccinia1 rep- 
licative stages were found in the CL cultures 
(Fig. 2E). Early forms with membranes in 

TABLE 11. HEK Cells Containing Viral Antigen as Shown by Indirect Fluorescent Antibody 
Sltaining." 

Virus Inoculum (vp) Infected cells/field (av) Infected cells/plate 

CL 
cv1 

4.2 x 104 
4.0 x l o A  

~ 

3.57 
3.25 

2431 
2213 

"Monolayer cul tura  of HEK cells were inoculated with virus and incubated at 37" with 
medium for 24 hr. Cells were fixed and treated with specific antisarum and conjugate, and cell6 
displaying bright cytoplasmic fluorescence were counted. Infected cells in  5 randomly chosen 
%elds/plate were counted. Number of infected cells/plate was calculated from the area of the 
5eld and the area of the plate, and the average number of infected oells/fidd. 



FIG. 2 .  Electron micrographs of developmental stages of CL and CV1 vaccinia in BEK cells. 
( A )  C L ;  4 hr culture. Arrow denotes vimral core. (B)  CV1; 4 hr. Arrow indiaates core-like body. 
(C) C L ;  8 hr. Early stage of viral replication. (D) C V l ;  8 hr. Early stiages of vim1 replication. 
(E) CL;  12  hr. Immature and mature forms of virus. Arrcrw indicates dense nudmid inclusion. (F) 
CV1; 12 hr. Immature virus, nione of which possesses a dense nuclmid. (G) C L ;  16 hr. Mature and 
immature virus. Arrows indicate mature virus. (H) CV1; 16 hr. Bizarre bodies, possibly related 
to virus. Bar in -4 represents 500  nm and is the same fsor all micrographs, 
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varying stages of completion were present. 
Many early fonms possessed a dense nucleoid. 
On the periphery of the “factory” area, fully 
mature particles possessing the dumbbell- 
shaped inner core could be seen. The CV1 cul- 
tures displayed many areas of ilnfection but 
notable differences from the CL cultures were 
now evident (Fig. 2F). It was striking that the 
dense nucleoid body was missing from the im- 
mature forms. A few infected cells were found 
that possessed mature forms, normal in ap- 
pearance. However, such mature particles were 
encountered much less frequently than in the 
CL cultures where most virus “factories” in- 
cluded mature forms. 

At 16 hr thle CL cultures continued to pro- 
duce mature virus and all stages of virus de- 
velopment were still present (Fig. 2G) .  The 
CV1 cultures now showed numerous bizarre 
forms, totally unlike normal vaccinia virus 
(Fig. 2H). Tlhese forms were frequently gross- 
ly swollen or possessed a large vacuole. Again 
some normal mature particles were seen but 
in much lower numbers than in the CL cul- 
tures. By 24 hr, new cycles of replication were 
well underway, and again it was striking that 
the dense nucleoids common in the CL early 
replicative forms were absent from the form- 
ing particles of the CV1 virus. 

An oddity encountered in two different CV1 
cultures, one a 12 hr culture and the other a 
24 hr culture, was the apparent presence of 
immature virus particles in the cell nucleus 
(Figs. 3A and B) . Of particular interest is Fig. 
3A, where apparent “vilroplasm” lacking a vi- 
ral membrane is present. The appearance of 
this group oif particles is that of a typical cyto- 
plasmic viral “factory.” Although many nu- 
clei were examined for virus particles, only 2 
examples were seen. If this phenomenon is 
real and not an artifact of thin-sectioning, 
occurrence must be rare. No nuclear partilcles 
were seen in CL cultures. 

Discassion. The CV1 strain of vaccinia 
seems to follow a normal course of replication 
in HEK cells through absorption into the cell, 
uncoating and production of viral antigen. Im- 
mature forms of virus are produced consisting 
of viroplasm enclosed in the typical vaccinia 
single membrane. However, very few of these 
particles possess the dense nulcleoid that is 
thought to consist of viral DNA, and very 
few of the particles progress to full maturity. 
Instead, some bizarre, abnormal bodiles ap- 
pear in the cytoplasm which possibly are at- 
tempts a t  maturation that have gone awry. 
Rosenkranz et  al. (11) studied the effect of 
hydroxyurea on vaccinia virus development 

FIG. 3. CVl vaccinia. Immature forms of virus in bloth nucleus (N) and cytoplasm (C).  (A) 
12 hr culture. Arrow indicates viroplasm without a limiting membrane. (B)  24 hr culture. 
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and found the same sequence of events culmi- 
nating in immature forms without the dense 
nucleoid and little or no mature virus particle 
formation. Previous work by Rosenkranz and 
Levy (12) had determined that hydroxyurea 
blocked duplication of DNA. Since the nucle- 
oid inclusion in immature forms is thought 
to consist of DNA ( 11) , its absence in cells 
treated with hydroxyurea is understandable. 
Pogo and Dales (13) augmented the work 
of Rosenkranz et al. ( l l ) ,  with hydroxy- 
urea and verified the finding that hydroxyurea 
interfered with viral DNA synthesis and the 
formation of nucleoids. Reversal of this in- 
hibition then permitted formation of mature 
and infective virions. 

The interruption of the normal replicative 
cycle displayed by the CV1 strain in HEK 
cells seems to indicate inability to carry on 
viral DNA synthesis, although the synthesis 
of early viral proteins does proceed. This 
failure can be overcome by repeated passages 
in HEK cells, since fifth passage CV1 vi- 
rus showed a mature virus yield comparable to 
the control CL virus. However, attempts in 
our laboratory to clone the CV1 strain by 
single pock passage to select virus capable 
of replicating in HEK cells were a failure. 
Thus, it is still unclear whether the CV1 
parent strain is a heterogeneous mixture of 
particles capable of replicating in HEK cells 
and particles which cannot carry on DNA 
synthesis in these cells or whether cellular 
factors are operating to change the charac- 
teristics of the virus. 

I t  is interesting to speculate whether this 
abortive replicative cycle in a primary hu- 
man cell system bears any relationship to 
the “modified” behavior of the CVl strain 
when used as a vaccine in children with 
eczema. Neff et al. (14) reported that vac- 
cination of healthy children with the CV1 
strain of smallpox vaccine resulted in a con- 
siderably reduced percentage of “takes” and 
a drastic reducti,on in the production of post- 
vaccination neutralizing antibodies, compared 
with the response to a conventional calf 
lymph vacoine. Perhaps the CV1 strain repli- 
cates relatively poorly in humans compared 
to conventional vaccinia virus, This would 

be consistent with the performance of other 
modified viruses used as attenuated live vi- 
rus vaccines ( 15). 

Summary. The CVl strain of vaccinia vi- 
rus replicates poorly in human embryo kid- 
ney cells whereas most vaccinia strains such 
as the U.S. Reference smallpox vaccine rep- 
licate well in this host system. Absorption by 
the cell and production of viral antigen pro- 
ceed a t  the same rate for both strains. Elec- 
tron micrographs reveal that the CVl strain 
produces immature forms of particles which 
do not possess a dense nucleoid of DNA 
material. Very few normal mature particles 
are formed and bizarre particles are found 
in the cytoplasm. CV1 DNA synthesis seem 
unable to proceed in the normal fashion in 
these cells. 
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