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Summary 

Carrier cultures of coxsackievirus type  B2, strain V1-013 were established 
wi thout  the use of "normal"  human  serum or serum containing viral antibodies, 
and wi thout  frequent  changes of medium. Blind passage of virus strain V1-013 
in human  fetal diploid ( I tFD) cell cultures on maintenance medium resulted in 
viral multiplication without  apparent  CPE. I n  addition, human  fetal diploid 
cultures infected with the V1-013 virus strain could be subcult ivated for over 
20 transfers, and infectious virus and antigen demonstrable by  immunofluoreseent  
staining were present at  each passage level; again, viral multiplication occurred 
wi thout  apparen t  CPE. Sustained infections were not  observed when H F D  cells 
were inoculated with two other  (Ohio and Lincoln) B2  coxsackievirus strains; 
however, the life-span of inoculated cultures was reduced in comparison to t ha t  
of control cultures. 

1. Introduetion 

The term "carrier cul ture" is synonymous  with "carrier strain".  The former 
designates a virus-infected culture of animal cells, while the lat ter  applies to a 
phage-infected culture of bacterial cells (10). Both  signify a more or less stable 
state of equilibrium between host cells and virus. Carrier cultures show no apparent  
cytopathic  effect (CPE) but  infectious virus m a y  be recovered during each sub- 
cultivation. This is in contrast  to cultures harboring latent  viruses, in which in- 
fectious virus is not  detectable, but  m a y  then appear, either spontaneously or as 
a result of physical or chemical t reatment .  I n  most  systems investigated, carrier 
cultures can eventual ly be cured of virus by  exposure to high concentrat ions of 
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specific v i ra l  ant ibodies .  The following four types  of carr ier  cul tures  have been 
descr ibed (23), a) infections in cul tures  of p r e d o m i n a n t l y  res i s tan t  cells wi th  a 
m i n o r i t y  of suscept ible  cells, b) infections in cul tures  of suscept ible  cells p ro tec t ed  
b y  a n t i b o d y  or b y  ba lancing  vi rus  p roduc t ion  and  vi rus  e l iminat ion,  c) infections 
in cul tures  of suscept ib le  cells p ro tec t ed  b y  interference and /o r  interferon,  and  
d) regu la ted  infections of cells in cul ture.  

E a r l y  repor ts  sugges ted  t h a t  h u m a n  serum conta in ing vi ra l  an t ibodies  was 
necessary  for the  ma in tenance  of pol iovirus  carr ier  cul tures  of HeLa  cells (2, 3, 4). 
Later ,  cul tures  of pol iovirus  were p ropaga ted  in the  absence of a n t i b o d y  b y  da i ly  
washing and  add i t i on  of fresh med ium to the  monolayers  (13). W i t h  H e L a  cell 
carr ier  cul tures  of t y p e  A 9  coxsackievirus,  10 per  cent  h u m a n  serum (lacking 
de tec tab le  neut ra l iz ing  ant ibodies)  was requi red  in the  ou tg rowth  med ium (20). 
W h e n  the  serum concent ra t ion  was reduced  to  2 pe r  cent, or when calf or horse 
serum was subs t i tu t ed  for h u m a n  serum, cellular degenera t ion  occurred.  The A 9  
eoxsackievirus  isola ted from these cul tures  exh ib i ted  increased virulence for 
HeLa  cells, slower p laque  fo rmat ion  for m o n k e y  k idney  cells and  a l te red  ant igenic  
proper t ies .  I t  was la te r  shown t h a t  t t e L a  cell carr ier  cul tures  of coxsackievirus  
types  B 3 or B 5 requi red  h u m a n  serum conta ining some specific v i ra l  a n t i b o d y  in the  
g rowth  med ium (6, 7). Add i t ion  of h y p e r i m m u n e  m o n k e y  serum to coxsackievirus  
t ype  B5  carr ier  cul tures  resul ted  in e l iminat ion  of the  virus  (7). 

This r epor t  presents  d a t a  to show t h a t  carr ier  cul tures  of coxsackievirus  t y p e  
B 2  can be es tabl i shed  in h u m a n  fe ta l  d iploid  k idney  cells wi thou t  the  use of 
" n o r m a l "  h u m a n  se rum or serum conta ining v i ra l  ant ibodies ,  and  wi thou t  da i ly  
washing or add ing  fresh med ium to the  cell monolayers .  

2. Materials and Methods 

2.1. Virus Strains 

Three strains of eoxsackievirus type B 2 (Ohio, Lincoln and V 1-013) were used in 
this study. The prototype,  Ohio strain, had been passed 5 times in suckling mice (Ms) 
and 3 times in rhesus monkey kidney cell culture (MKs). The field strain, Lincoln, was 
isolated from a stool specimen and identified in this laboratory.  Fox" the present studies 
the Lincoln strain was reisolated from the original stool specimen in the BS-C-1 line 
of grivet monkey kidney cells and, therefore, had never been passed in mice or pr imary 
monkey kidney cells. Strain V 1-013 was received from the Center for Disease Control 
(CDC) as a proficiency test specimen and identified in this laboratory and at  CDC as a 
type  B 2 coxsackievirus. Strain V 1-013 had been passed 8 times in pr imary MK at CDC 
and once in MK in this laboratory.  Each of the 3 viruses was purified by  3 terminal  
dilution passages in BS-C-1 cells. 

2.2. Cell Cultures 
Human fetal diploid kidney cell strains ( t tFDK)  were established as previously 

described (16, 19). The outgrowth medium was "fortified" Eagle's minimum essential 
medium (MEM), prepared in Earle 's  bManeed salt solution, supplemented with 10 per 
cent fetal bovine serum. When cultures had grown for 2 days, additionM L-glutamine 
(0.05 m~/40 ml of fortified Eagle's MEM) was added and the medium was neutralized 
with sodium bicarbonate. ]?or subpassage, cells were trypsinized and split 2 for 1. 
Maintenance medium consisted of Eagle's MEM or Eagle's MEM with galaetose 
(5.55 m~/1) subst i tuted for glucose. The medium was supplemented with 2 per cent 
fetal bovine serum. Samples of every fifth passage were examined for possible contami- 
nation with mycoplasma (14). 



Carr ier  Cul tures  of Coxsackiev i rus  Type  B 2 291 

Cu l t i va t i on  of rhesus  M K  cells a n d  t he  BS-C-1 line of g r ive t  m o n k e y  k i d n e y  cells 
was  done  as descr ibed  elsewhere (16). 

2.3. Neutralization Tests 
T u b e  n e u t r a l i z a t i o n  (TN) a n d  me tabo l i c  i n h i b i t i o n  (MI) t es t s  were  p e r f o r m e d  as 

desc r ibed  elsewhere (12, 16, 18). Type-specif ic  h a m s t e r  a n t i s e r u m  to coxsack iev i rus  
t y p e  ]3 2 was emp loyed  for iden t i f i ca t ion  tests .  

2.4. Assays ]or In/eetious Virus 
I n f e c t e d  t t F D K  cu l tu res  were f rozen a n d  t h a w e d  3 t imes,  t h e n  clar if ied b y  low- 

speed cen t r i fuga t ion .  The  s u p e r n a t a n t  f lu id  was s to red  a t  - - 7 0  ~ C. Ten- fo ld  d i lu t ions  
of t he  ma te r i a l  were  i nocu la t ed  in to  BS-C-1 cells to  t e s t  for  infec t ious  v i rus ;  cu l tu res  
were obse rved  for 11 days  to de t ec t  a n y  c y t o p a t h i c  effect  (CPE).  

2.5. Indirect Fluorescent Antibody Test 
The  p rocedure  of RInGs,  L o ~  a n d  EVELAND (15) was used  for f r a c t i o n a t i o n  a n d  

labe l ing  of an t i s e rum.  A m m o n i u m  sul fa te  p r e c i p i t a t e d  goa t  a n t i h a m s t e r  g lobul in  was  
c o n j u g a t e d  a n d  s u b j e c t e d  to  D E A E  c o l u m n  c h r o m a t o g r a p h y  (15). The  r ecove red  
g lobul in  was lyophi l ized  in 1 ml  a m o u n t s .  The  mo la r  f luoreseein p ro t e in  ra t io  (F /P )  
of t he  r e c o n s t i t u t e d  con juga t e  was 1.8 (21). I m m u n o e l e c t r o p h o r e s i s  of t he  c o n j u g a t e  
showed  a single, weak ly  m i g r a t i n g  b a n d  in t he  g lobul in  region.  

I n f e c t e d  a n d  con t ro l  H F D K  cells were grown on 15 m m  r o u n d  eoversl ips  u n t i l  a 
con f luen t  m o n o l a y e r  was  formed.  The  coversl ips  were r insed  3 t imes  in P B S  (pH 7.2) 
a n d  once in dis t i l led water ,  f ixed for 10 m i n u t e s  in  acetone,  a i r -dr ied,  a n d  s to red  a t  
- - 7 0  ~ C. F o r  t he  ind i rec t  f luorescen t  a n t i b o d y  tes t ,  h a m s t e r  a n t i s e r u m  to  coxsackie-  
v i rus  t y p e  B 2 a t  d i lu t ions  of 1:256,  1:512,  a n d  1:1024 was a d d e d  to  t he  coversl ips .  
The  r eac t ion  was a l lowed to proceed  for 30 m i n u t e s  a t  37 ~ C a n d  t h e n  for 24 hou r s  a t  
4 ~ C. The  fol lowing day,  a f te r  t he  wash ing  procedure ,  t he  f luoreseein c o n j u g a t e d  an t i -  
h a m s t e r  g lobul in  d i lu t ed  1 :20  was appl ied  a n d  t e s t s  were i n c u b a t e d  for  30 m i n u t e s  
a t  37 ~ C. The  coversl ips  were t h e n  w a s h e d  3 t imes  a n d  m o u n t e d  in E lvanol .  Slides were  
e x a m i n e d  us ing  a Carl  Zeiss G F L  s t a n d a r d  microscope equ ipped  w i t h  a n  F I T C  in te r -  
ferenee f i l ter  (400- -495  n m  range)  a n d  a 50 ba r r i e r  f i l ter  (515 n m  range) .  I l l u m i n a t i o n  
was p r o v i d e d  b y  a ha logen  l amp  ( 1 2 V - 1 0 0 W ) .  

2.6. Plaque Assay 
BS-C-1 cells were g rown  in 35 • 10 m m  plas t ic  P e t r i  d ishes  (Fa lcon  No. 3001 p la tes) .  

E a c h  dish  rece ived  3 ml  of cells (4 • 105 cells/ml) suspended  in  m e d i u m  199 p r e p a r e d  irt 
H a n k s '  b a l a n c e d  sa l t  so lu t ion  (HBSS)  a n d  c o n t a i n i n g  10 pe r  cen t  fe ta l  b o v i n e  se rum.  
P l a t e s  were i n c u b a t e d  in a humid i f i ed  5 per  cen t  CO2 a t m o s p h e r e  a t  37 ~ C for 3 - - 5  days .  
Conf luen t  mono laye r s  were w a s h e d  w i t h  I-IBSS, in fec ted  w i t h  0.1 ml  of t he  d i lu t ed  
v i rus  suspension,  i n c u b a t e d  for  1 ~  hou r s  a n d  over l ayed  w i t h  2.5 ml  of n u t r i e n t  a g a r  
ove r l ay  cons is t ing  of 1.4 pe r  cen t  I o n a g a r  No. 2 or of 2 pe r  cen t  agarose  m i x e d  w i t h  
doub le  s t r e n g t h  m a i n t e n a n c e  m e d i u m  c o n t a i n i n g  10 pe r  cen t  FBS.  A second nu t r i eng  
aga r  over lay  (1 ml),  c o n t a i n i n g  n e u t r a l  red  a t  a c o n c e n t r a t i o n  of 1 :5 ,000 pe r  ml  was  
a d d e d  8 days  a f t e r  t he  first .  T he  p la tes  were i n c u b a t e d  o v e r n i g h t  a n d  p l aque  d i a m e t e r s  
were m e a s u r e d  t h e  n e x t  morn ing .  

3. Results 

3.1. Cytopathic E//ect o/ Coxsaelcievirus Type B 2  in H F D K  and BS-C-1 Cells 

As previously reported, different strains of an enterovirus immunotype may 
vary in their ability to replicate in various host systems (5). Therefore, three strains 
of coxsaekievirus type B 2 were examined to see if they differed demonstrably in 
their ability to replicate in HFDK and BS-C-I cells. These were the prototype 
Ohio strain, a field strain (Lincoln) and the VI-013 strain from CDC. Tube cultures 
of each cell type (maintained on MEM containing galactose and 2 per cent FBS) 

19" 



292 N . H .  MAVERAKIS, NATttALIE J. SCttNIDT, J. L. RinGs, and E. H. LENNETTE: 

were inocula ted  wi th  1,000 TCIDh0 of virus  per  tube.  E igh t  tubes  were used for 
each s t ra in  and  cul tures  were examined  under  low-power magnif ica t ion  over  a per iod  
of 11 days .  Uninocu la ted  cul tures  of the  same cell types  served as controls.  None of 
the  s trains  p roduced  an over t  CPE in H F D K  cells, bu t  all th ree  p roduced  a 4 plus 
CPE b y  6 days  in BS-C-1 cells. Other  repor t s  (17, 22) have  ind ica ted  t h a t  h u m a n  
diploid cell s t ra ins  are r e l a t ive ly  insensi t ive for isolat ion of group B coxsackie- 
viruses b u t  in h u m a n  p r i m a r y  embryo  k idney  cells, coxsackievirus  t y p e  B 2  
p roduced  CPE between 7 - - 2 4  days  (11). The difference in suscept ib i l i ty  between 
H F D K  cells used in our s t u d y  and  t h a t  r epor ted  for p r i m a r y  h u m a n  embryonic  
k idney  cells m a y  be associa ted  wi th  the  fact  t h a t  diploid  cells s t ra ins  a t  the  passage 
level used in the  presen t  s t u d y  are  f ibroblas t ic  while p r i m a r y  embryon ic  k idney  
cells are epithel ial .  

3.2. Replication o/ Type B 2  Coxsaclcievirus Strain V1-013 in H F D K  Cells 

Studies  were conducted  to de te rmine  whether  v i ra l  repl ica t ion  might  occur 
in H F D K  cells in the  absence of an over t  ey topa th ic  effect. 

Bl ind passages were made  a t  weekly  in terva ls  of the  V1-013 virus  s t ra in  in 
H F D K  cells. This consisted of the  serial  t ransfer  of inocula ted  H F D K  cells and  
fluids f rom tube  cul tures  showing no CPE into fresh tubes  of H F D K  cells. Log10 
di lut ions  of suspended cells f rom each H F D K  passage level were inocula ted  in 
para l le l  into H F D K  and  N K  tube  cultures.  F o r  subpassage,  the  H F D K  cul tures  
which had  been inocula ted  with  the  highest  d i lu t ion producing  CPE in M K  cells 
were ha rves ted  and  fur ther  d i lu ted  for subsequent  passage into tube  cultures of 
H F D K  and  M K  cells. This was done for a to ta l  of 6 passages.  I n  Table  1, i t  is seen 

Table 1. Blind Passage o/ Type B2 Coxsackievirus Strain V1-013 in H F D K  Cells 

CPE in Virus tiger of Time of occurrence of 4 plus CPE 
Virus passage  t I F D K  t I F D K  mater ia l  in ~ iK  cells inoculated wi th  tt~FDK 
his tory  cells (TCID~0 per ml) a mater ia l  endpoint  dilution 

MKg, H F D K I  b 0 10 .4.0 7 days 
MK~, I-IFDK2 b 0 10 .4.0 7 days 
MKg, HFDK3 b 0 10 -a.5 5 days 
MKg, t tFDK4 b 0 l0 -4.0 7 days 
MKg, I-IFDK5 b 0 l0 3.0 7 days 
2VIKg, I-tFDK6 0 10 -a.~ 6 days 

H F D K  material  (cells and fluids frozen and thawed 3 times) was t i t ra ted  in pr imary  
monkey kidney cells. 

b Highest dilution of I~FDK material  showing CPE in 3/IK was diluted for subpassage 
in H F D K  cells. 

t h a t  infectious vi rus  was recovered in M K  cells f rom each passage level of H F D K  
cells which showed no over t  CPE. By  the  6th  passage the  d i lu t ion  of the  or iginal  
inoculum was grea te r  t han  1 • 10 -2~ which rules out  the  poss ib i l i ty  t h a t  infectious 
virus  was a residual  car ry-over .  

3.3. Subcultivation o / H F D K  Cells In/ected with Type B 2  Coxsackieviruses 

The nex t  s tep was to de te rmine  whether  H F D K  cells infected with  group B 2 
coxsackieviruses  could be subcu l t iva ted ,  whether  the  division ra te  and  life span 
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would be comparable to that of uninfected cultures, and whether production of 
infectious virus and antigen demonstrable by FA staining would continue during 
subcultivation. The three virus strains (Ohio, Lincoln and V1-013) purified by 
3 terminal dilution passages in BS-C-1 cells were inoculated into 29 oz. bottle 
cultures of H F D K  cells at a concentration of 5 X 104 infectious doses of virus per 
culture bottle. Growth medium was fortified MEM with 10 per cent FBS. Controls 
consisted of 2 uninoculated bottle cultures of H F D K  cells and 2 H F D K  cultures 
inoculated with uninfected BS-C-1 cell culture material. After 3 days the cells were 
dispersed in trypsin and subcultivated at a 2 for 1 split. Initially, subcultivations 
were made at 3 day intervals. As the division rate slowed down and the total 
number of recovered cells decreased, the cells were seeded into smaller bottles 
(29 oz., 16 oz., 8 oz., 4 oz.) so that contact inhibition would be reached within 
2 4 days (1). During the terminal subcultivations, cells were left in the bottles 
for 15 days. The experiment was terminated when the total number of dead cells 
exceeded the viable cells. 

Cells inoculated with either Ohio or Lincoln virus strains yielded infectious 
virus only up to the second subcultivation, and showed no antigen by FA staining. 
On the other hand, in Table 2 it is seen that H F D K  cells infected with the V 1-013 

Table 2. Recovery and Identi]ication o~ Type B2 Coxsackievirus Strai~ V1-013 alter 
Continuous Passage o/Injected HFDK Cells 

Neutral iza-  
I - IFDK sub- ]Indirect F A  tes ts  t ion tes~ for 
cu l t iva t ion  1%. pos.  cells/no, identifiea- 
n u m b e r  Virus passage  h is tory  fields examined  TCIns0/ml  ~ t ion 

18 MKg, BS-C-13, HFDK~ NDb 10 _4.7 § 
19 MKg, BS-C-18, ttFDK~ ND 10 -s.5 ~- 
20 MKg, BS-C-13, HFDK4 104/30~ ND ND 
21 MK9, BS-C-13, HFDK5 ND 10 -5-~ + 
22--29 MKg, BS-C-13, HFDK6_13 15--110/30 10-~.2--10 -~.9 + 
32 MI~9, BS-C-ls, HFDK16 1/30 10 -5.e + 
35 MK9, BS-C-18, HFDK19 6/30 ND ND 
38 MKg, BS-C-18, HFDK22 5/30 10 -4.0 -r 

a Titrated in BS-C-1 cells. 
b Not done. 
c Metabolic inhibition test, virus identified as coxsaekievirus type B 2. 
a Each field contained approximately 80 cells. 

strain produced both infectious virus, in the absence of an overt CPE, and viral 
antigen demonstrable by FA staining through 22 subcultivations of the cells. The 
virus recovered from the cultures was identified as coxsackievirus type B2 and 
after 21 passages in H F D K  cells the virus still produced plaques of the same size 
(2--3 mm in diameter) as those produced by the original inoeulum and also by the 
prototype and field strains. 

Figure 1 compares the cell counts, over the course of subcultivation, of control 
H F D K  cultures and cultures inoculated with the 3 strains of coxsackievirus type 
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B2. The experiments were begun with H F D K  cells at the 17th passage level. The 
control cultures could be subcultivated through a total of 47 transfers. This is in 
keeping with HAYFLICK'S observation that  human fetal diploid cells have a life 
span of approximately 50 transfers (9). However, cells infected with Lincoln or 
Ohio virus strains could be subcultured for only 37 transfers and cells infected 
with V1-013 virus for 41 transfers. Even though infectious virus and antigen were 
not demonstrable in cells inoculated with the Ohio and Lincoln strains, the life 
span of the cells was shortened. The cells inoculated with V 1-013 virus produced 
both infectious virus and antigen demonstrable by FA staining, but a cytopathic 
effect was not observed. 

I x IO s 

I~10 5 

..... ~,\\, 

\ J ~,\ 

\C ',:-, 
V \ / '  

\v/ '~ 

~ Uninocula%d 

�9 B5-C-I con'~rol 

Lincoln-infected 

�9 Ohio-infected 

VI-OI3- infeci'ed 

17 ~l 2; 2~ 3; 3~ /, 4; 4'7 
Cell passage number 

Fig .  1. Cell counts  of control and  infected t t F D K  cells. The broken  lines represent  curves  for control cells and  the  
solid lines represent  curves  for infected cells 

4. Diseussion 

The present knowledge regarding enterovirus carrier cultures was obtained 
by studying the action of viruses in stable cell lines (HeLa) having an infinite life 
span (2 4, 6, 7, 13, 20). Our studies were directed to carrier cultures of type B2 
coxsackievirus in human fetal diploid cell strains having a limited life span. The 
V1-013 strain of coxsaekievirus type B2 caused a persistent infection in H F D K  
cells in which infectious virus and antigen demonstrable by FA staining were 
produced but a cytopathic effect was not seen. I t  is possible that  infected cells 
constituted only a small portion of the total eell population and that these cells 
underwent degeneration without the whole culture showing an overt CPE. 

Other workers have reported the necessity of "normal" human serum or serum 
containing specific viral antibodies for the maintenance of HeLa cell carrier cul- 
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tures of polioviruses or coxsackievirus types B3, B5, or A9  (2 4, 6, 7, 20). How- 
ever, human  serum or ant iserum was not  required for maintenance of H F D K  
carrier cultures of V 1-013 strain of coxsackievirus type  B2, nor  was the establish- 
ment  of carrier cultures dependent  on frequent  changes of medium. Virus was 
produced without  overt  CPE in cultures maintained for 14 days on maintenance 
medium. The concentrat ion of fetal bovine serum did not  appear  to be critical, as 
carrier cultures were established in the presence of 2 per cent FBS in blind passage 
studies and in 10 per cent FBS when infected cells were subjected to continuous 
passage. When  fetal bovine serum was used in the medium on carrier cultures of 
HeLa  cells infected with other  enteroviruses, cytopathic  degeneration occurred 
(2 4, 6, 7, 20). This was not  the case in our test system. Carrier cultures were 
established in both  MEM and "fortif ied" MEM containing twice the concentrat ion 
of vi tamins and amino acids. 

Neither  the other field strain (Lincoln) nor  the p ro to type  (Ohio) strain of 
coxsackievirus type  B 2 tha t  we studied was able to establish a sustained infection 
in H F D K  cells. Limited studies on the multiplication of these strains in H F D K  
cells derived from different embryos were done and, again, apparent infect ion could 
not  be established. The ability of B2  coxsackievirus field strains such as V1-013 
to replicate in H F D K  cells m a y  be an unusual  property.  

The Ohio and Lincoln strains could not  be shown to establish a persistent 
infection in H F D K  cells with the product ion of infectious virus or viral antigen 
demonstrable by  FA staining, bu t  cell strains infected with these viruses showed 
a reduced life span as compared to uninfected control cultures. Al though the 
significance of these findings cannot  be f i rmly established, the fact  tha t  all three 
virus inoculated strains showed a shorter life span than  the two uninoculated 
strains established from the same material  and carried in parallel suggests a virus- 
mediated effect. I t  would be of interest to a t t empt  to demonst ra te  the possible 
presence of viral nucleic acid, or virus-specific antigens detectable by  other 
methods.  At tempts  were made to use the mixed hemadsorpt ion technic (8) to 
demonst ra te  virus-specific antigen in H F D K  cells inoculated with coxsackievirus 
type  B2. The test detected an antigen present only in infected cells but  absent  
in uninfected cells; however, a great  deal of cross-reactivity was seen with hetero- 
typic coxsackieviruses and also with other major  groups of viruses. The failure 
of uninfected cells to react  suggests tha t  the antigen might  be viral or virus- 
mediated,  but  the extensive crossing with viruses f rom other major  groups is 
puzzling. 
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