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FEATURE

Vero Cells in Vaccine Production

Jonathan H. Morgan, Ph.D. (jmorgan@atcc.com), ATCC (American Type Culture Collection), Manassas, Virginia, USA.

T
he Vero cell line is one 
of the most widely used 
 continuous cell lines in the 
world, cited in over 10,000 
publ ica t ions . Thoug h 

originally developed as a host for viral 
replication, uses for this highly adapt-
able cell line have expanded far beyond 
the research laboratory to include diag-
nostic practices in hospitals, epidemio-
logical surveys, in vitro fertilization clin-
ics, bacterial toxin assays, and vaccine 
production.  ATCC has played a pivotal 
role in this expansion by distributing 
the Vero cell line, ATCC® CCL-81™, to 
the worldwide scientific research com-
munity.  Recently, ATCC developed a 
fully-characterized master cell bank of 
Vero cells prepared under current good 
manufacturing practice (cGMP) condi-
tions (ATCC® CCL-81.4™).  This report 
traces the history of the Vero cell line 
from its origins in the laboratory of 
Dr. Yosihiro Yasumura to its use as a 
continuous cell substrate for vaccine 
manufacturing.

Vero cells were initiated from 
the kidney of an apparently normal 
adult African green monkey (AGM, 
Cerocopithecus aethiops) on March 27, 
1962 by Dr. Yasumura at the Chiba 
University in Chiba, Japan.1  Dr. 
Yasumura’s primary goal in establishing 
the Vero cell line was to find a suitable 
host cell to study simian vacuolating 
virus 40 (SV40).  From his experience 
with poliovirus vaccine manufacturing, 
he believed a continuous monkey kid-
ney cell line would support the growth 
of a wide range of viruses and be quite 
useful to virologists.  Unfortunately, the 
establishment of such a line was fraught 

with problems owing to simian viral 
contaminants and other adventitious 
agents.  While establishing the Vero line, 
Dr. Yasumura went to great lengths to 
minimize the potential for contamina-
tion, taking such steps as autoclaving 
his cell culture medium and reducing 
(~2%) or eliminating bovine calf serum 
from the medium.  After several years of 
effort, including more than 18 attempts 
using tissue from five different monkey 
species, he achieved success with the 
establishment of the Vero line.

Dr. Yasumura derived the name of 
these cells by combining the Esperanto 
words “verda” (for green) and “reno” (for 
monkey’s kidney).  In Esperanto gram-
mar, “VE + RE” changes to “VE + RO” 
when used as a noun.  The term VERO 
also means “truth” in Esperanto; hence 
Vero has two meanings in its name.2  

Dr. Bunsiti Simizu brought the Vero 
cell line from Chiba University to the 
United States in 1964 to the Laboratory 
of Tropical Virology (LTV), National 
Institute of Allergy and Infectious 
Diseases (NIAID), and the National 
Institutes of Health (NIH) at the 93rd 
passage.  At that time, Dr. Simizu was a 
visiting fellow in the laboratory of Dr. 
Ned Wiegenga. The cells were subse-
quently deposited with ATCC in March 
1967 by Drs. J. S. Rhim and W. D. Hann 
(also at the LTV) at the 113th pas-
sage.  During this transition, the cells 
were adapted to grow in Eagle’s mini-
mal essential medium (EMEM) supple-
mented with non-essential amino acids 
and between 5% and 10% fetal bovine 
serum (FBS). More recently, Vero cells 
have been adapted to grow in serum-free 
and animal component-free medium.3

By JONATHAN H. MORGAN

Figure 1.  A monolayer of Vero cells near confluence.
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True to Dr. Yasumura’s vision, Vero 
cells support the growth of a wide 
variety of viruses and are extensively 
used for viral isolation, replication, and 
plaque assays.  Viruses that readily rep-
licate in Vero cells (or in any one of the 
several Vero clones such as Vero C1008,4 
ATCC® CRL-1586™, Vero 76,4 ATCC® 
CRL-1587™,and B-Vero5) include mem-
bers of the Adenoviridae, Arenaviridae, 
Bunyaviridae, Flaviviridae, Flivoviridae, 
Herpesviridae , Orthomyxoviridae, 
Para myxovir idae , Picornavir idae, 
Polyomaviridae, Poxviridae, Reoviridae, 
Rhabdoviridae, and Togaviridae  families.6,7  
Following viral infection, Vero cells do 
not produce interferon, though they 
remain responsive to it.8  Apparently, 
the cell line lacks the structural genes 
for interferon α and β1 due to a chro-
mosomal deletion.9  Further, the expres-
sion of the interferon-induced double-
stranded RNA-dependent protein kinase 
(PKR), a key antiviral enzyme, is signifi-
cantly attenuated in Vero C1008 cells.10  

These facts may account for the line’s 
exceptional viral susceptibility.

Vero cells also support the growth 
of several families of parasitic and 
communalistic bacteria such as 
Mycoplasmataceae,11 Rickettsiae,12 and 
Chlamydiaceae.13  They are also used 
to screen for various bacteria toxins 
including Shiga toxin and Shiga-like 
toxin (initially called Verotoxin).14

Depending upon the culture condi-
tions and culture density, Vero cells can 
demonstrate either a fibroblast-like or 
epithelial-like morphology (Figure 1).  
Unless reasonable care is taken to ensure 
appropriate and consistent culturing 
conditions,15 the cells will permanently 
change their phenotype, particularly 
upon prolonged passage (see the discus-
sion below on in vivo tumor formation 
by Vero cells at high passage numbers).  
Indeed, this phenotypic plasticity was 
exploited to establish the several unique 
Vero subclones mentioned above.  

When examined at passage 115,16 

117,15 or 123 (Table 1), greater than 
90% of the cells were found to con-
tain between 55 and 62 chromosomes 
with a modal number of 58.  This 
is less than the 60 diploid chromo-
somes found in normal AGM cells.17  
Additionally, there were significant vari-

ations in the morphology among chro-
mosome constituents.  Over 50% of the 
chromosomes in each cell complement 
belonged to structurally altered marker 
chromosomes: A3, A4, B4, and B5 were 
absent; B2, B3, and B7 were occasionally 
paired; and B9, C1, and C5 were mostly 
paired.15  Direct comparison between 
normal AGM and Vero cell chromo-
somes was difficult, if not impossible.16  
Presumably, the structural changes of 

the chromosomes found in Vero cells 
today were induced during the 100-plus 
passages after the line was first devel-
oped by Dr. Yasumura.

Vero Cells and Poliovirus Vaccines

Beginning in the mid-1970s,  scientists 
at Institut Mérieux (IM, now known 
as Sanofi Pasteur), led by Bernard 
Montagnon, began the development of 

Table 1.  Characterization of the Vero MCB at passage 123.  All tests were performed 
in compliance with applicable requirements of the US FDA GMP regulations as 
found in Title 21 CFR Parts 58, 210, and 211.  All tests for adventitious agents and 
in vivo tumorigenicity were negative.  Identity of the cell line was confirmed by both 
isoenzyme and cytogenetic analysis.  Upon thaw, the cells had a viability of 98%.  
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a new enhanced potency inactivated 
polio vaccine (IPV).  At that time there 
were two effective vaccines against polio 
virus infections: the inactivated Salk 
vaccine and the live-attenuated Sabin 
oral polio vaccine (OPV).  Both were 
prepared in either primary monkey cells 
or diploid human cells.  The Sabin OPV 
was preferred over the Salk IPV because 
it provided greater immunity, had lower 
manufacturing costs, and was easier to 
administer.18  Nonetheless, there was a 
pressing need for a more immunogenic 
IPV, particularly for immunocompro-
mised patients.  

Since high potency of the new IPV was 
critical for success, the IM team elected 
to use the industrial-scale microcarrier 
bioreactor production system developed 
by van Wezel.19  Initial attempts to 
manufacture the vaccine with primary 
monkey kidney cells were unsuccessful 
because the vaccine potency was too low.  
For that reason, the IM team turned to 
Vero cells (obtained from ATCC) at the 
suggestion of Dr. Jonas Salk.20  Vero 
cells were an obvious choice since they 
were derived from the same species and 
tissue as the primary cells used for polio 
vaccine manufacturing, and they were 
presumed to be non-tumorigenic.  

On the one hand, by using a continu-
ous cell line, the IM team was able to 
mitigate the numerous drawbacks inher-
ent in the use of primary cells including: 
a) uncertainty of supply;  b) lot-to-lot 
variations in the final vaccine; c) com-
plications with using bioreactor and 
serum-free culturing conditions; d) eco-
nomic and ethical issues associated with 
catching wild monkeys or maintain-
ing monkey colonies; and e) the risk 
of potentially fatal contamination with 
adventitious agents such as Marburg 
virus21 and SV40.22

On the other hand, by selecting a 
continuous cell line in place of primary 
monkey kidney cells or a diploid human 
cell line like WI-38 or MRC-5, the IM 
team faced a unique challenge—up to 
that time, no continuous cell line had 
been used as a substrate for a licensed 
vaccine.  Because vaccines are admin-
istered to otherwise healthy individu-
als with the intention of preventing 
disease, they and their cell substrates 
are held to a higher level of safety by 

regulatory agencies than other licensed 
products.  Generally, whole virus vac-
cines, either live-attenuated or inacti-
vated, cannot be as thoroughly purified 
as vaccines or biologicals derived from 
recombinant-expressed proteins, com-
plicating matters even further.  This 
is due to either: a) the complexity of 
the virus itself; b) the need to enhance 
the vaccine’s immune response; or c) 
a desire to achieve a specific cost-of-
goods target.  Consequently, there is a 
greater chance for components of the 
cell substrate, particularly cellular DNA, 
to pass into the final licensed product 
and ultimately, the patient.  

During the course of their work, 
the IM team developed and employed 
several procedures for working with 
continuous cell substrates that assured 
the safety of the final vaccine.  They 
incorporated a cell banking system 
(seed – master – working) where they 
verified the identity and source of the 
cell line, tested to ensure the absence 
of adventitious agents, determined the 
amount of residual cellular DNA in the 
final vaccine, and then tested the cell 
line for in vivo tumorigenicity.  All of 
these steps are now key criteria for the 
manufacture of continuous cell sub-
strates used in vaccine production in 
guidance documents from the World 
Health Organization (WHO),23 the 
European Agency for the Evaluation 
of Medicinal Products (EMEA),24 the 
Japanese Ministry of Health, Labor and 
Welfare,24 and the US Food and Drug 
Administration (FDA).11

While Vero cells were initially thought 
to be non-tumorigenic, and the IM team 
found no evidence for in vivo tumor 
formation,20 later studies demonstrated 
that cells at high passage numbers were 
tumorigenic.25-29  However, the passage 
number required to form tumors in vivo
was higher than those attained by the 
IM team in their vaccine manufactur-
ing runs.   

The initial enhanced IPV developed 
by the IM team was licensed in France 
in 1985,30 in the United States in 1990,31 

and is now licensed in over 60 coun-
tries worldwide.  Subsequently, the IM 
team produced a live-attenuated OPV 
and a rabies vaccine using Vero cells.32  

Vero cells have been used to produce 

a vaccine against Japanese encephali-
tis.33  Recently, two rotavirus vaccines 
manufactured in Vero cells (RotaTeq® 
from Merck & Co., and Rotarix® from 
GlaxoSmithKline) have been licensed.  

Following their success with the 
enhanced IPV, the IM team donated a 
bank of Vero cells to the World Health 
Organization (WHO 10-87, passage 
number 134).34  This bank was desig-
nated as a master cell bank (MCB) by 
the organization in 199823 and is dis-
tributed to national control authorities 
and producers of biologicals by ATCC 
and the European Collection of Animal 
Cell Cultures (ECACC).  As recom-
mended by a WHO study group, the 
establishment of such a bank ensured 
a constant supply of cells with stable 
properties for vaccine manufacturing.35

Bovine Spongiform Encephalopathy 
and Cell Vaccine Substrates

Beginning in 1991, the FDA’s Center 
for Biologics Evaluation and Research 
(CBER) issued a series of letters and 
guidance documents to vaccine manu-
facturers over concerns about possible 
transference of agents that may cause 
spongiform encephalopathies, particu-
larly those of bovine origin.36  This 
action was taken following the emer-
gence of bovine spongiform encepha-
lopathy (BSE, “mad cow disease”) in 
Europe in the 1980s.  Cell lines in use 
since 1980 may have been exposed to 
media containing serum or other pro-
tein-containing components derived 
from bovine sources.  Consequently, 
these bovine sources might have been 
contaminated with the causative agent 
of BSE.  Similar guidance documents 
were issued by EMEA.37

To minimize the possibility of con-
tamination during the manufactur-
ing processes, CBER recommends that 
manufacturers not use materials derived 
from cows that were born, raised, or 
slaughtered in countries on the BSE 
list.  This list, maintained by the US 
National Center for Import and Export 
Veterinary Services (NCIE),38 includes 
all countries where BSE is known to 
exist, as well as countries in which 
import requirements or surveillance are 
inadequately restrictive for import into 
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the United States—even when there is 
no record of BSE in the region.  A similar 
list is maintained by the European Food 
Safety Authority (EFSA).39  

In July 2000, CBER convened 
a joint meeting of the Transmissible  
Spongiform Encephalopathy Advisory 
Committee and the Vaccines and 
Related Biological Products Advisory 
Committee to evaluate the risk for BSE 
transmission from vaccines manufac-
tured with bovine-derived materials.  
They concluded that the risk was low.  
However, the joint committee recom-
mended that in addition to using fully 
traceable reagents for all future vaccine 
manufacturing runs, current lots of vac-
cines and working cell banks established 
after 1980 should be re-derived using 
fully traceable reagents.40  Any bovine-
derived reagents used for this effort 
needed to be obtained from countries 
not on the BSE list.  EMEA issued simi-
lar regulations for European licensed 
vaccines.41  Since then, all manufactur-
ers of licensed vaccines have complied. 

In 2003, following this recommenda-
tion, the WHO Monitoring Group on 
Cell Banks found possible deficiencies 
in the production records of the 10-87 
bank and these might have regulatory 
implications for the MCB status of that 
bank.42  The WHO re-designated their 
10-87 Vero master cell bank from “MCB 
status” to “well-characterized cell seed” 
status.  While these cells should no 
longer be used for direct vaccine manu-
facturing, they could be used to derive 
subsequent MCBs.43  

The WHO further noted that the 
re-designation of the bank might lead 
vaccine investigators to use the cells at 
passage levels higher than previously 
recommended should they re-derive an 
MCB.43  By starting at passage number 
134, cells from the 10-87 bank could 
easily exceed the WHO’s recommended 
150 end-of-production passage num-
ber23 when cultured through the mas-
ter bank, working bank, and manufac-
turing stages of vaccine production.  
Vero cells above passage number 150 
have a high risk of tumor formation 
in vivo.

ATCC’s Vero MCB
When the WHO’s Vero MCB was re-

designated, ATCC saw a need to develop 
a replacement cell substrate that spe-
cifically met the requirements for vac-
cine development and manufacturing.  
Making such a well-qualified and highly-
characterized bank available would save 
vaccine investigators time and money by 
eliminating the need for them to derive 
their own MCB.  Additionally, in con-
cordance with the original WHO goal, it 
would ensure a constant supply of cells 
with stable properties.

The ATCC bank (ATCC® CCL-81.4™) 
was started from one of the initial vials of 

Vero cells deposited with ATCC in 1967, 
thereby establishing a known pedigree 
while allowing for full traceability.  This 
deposit date was well before the FDA-
established 1980 cut-off date for risk 
concerns of BSE in materials used in vac-
cines.  The cells were grown under cGMP 
conditions using fully traceable and doc-
umented culture reagents (EMEM 90%, 
and FBS 10%).  A full passage history of 
this bank is shown in Figure 2.

The cells were characterized under 
cGMP conditions using fully validated 
tests for identity, adventitious agents 

Figure 2.  Passage history of ATCC® CCL-81.4™ Vero MCB.
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and tumor formation in vivo.  No 
adventitious agents were found, and the 
cells did not form tumors in vivo after 
87 days. A list of these characterization 
tests is provided in Table 1.  At cell pas-
sage number 123, the bank ensures the 
manufacturing of effective, high-titer 
vaccines with minimal likelihood of in 
vivo tumor formation by the end-of-
production passage. 

This ATCC Vero MCB is available 
for use by vaccine investigators.  It is 
currently being used by the nonprofit 
organization PATH for developing and 
manufacturing a new type of vaccine 
against rotavirus.44 

To date, Vero cells are the only con-
tinuous cell substrate used in the pro-
duction of FDA-licensed vaccines.45  

This cell line’s ability to support the 

high-titer growth of a wide range of 
viruses, their capacity to grow to high 
densities in bioreactors under animal 
component-free culture conditions, and 
the excellent safety record of the vac-
cines generated from them46 all com-
bine to make Vero cells the cell substrate 
of choice for viral-vaccine develop-
ment—an enduring testament to Dr. 
Yasumura’s pioneering efforts.
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