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ABSTRACT 

 
There is always a concern about the quality of cell-based products in terms of the 

contamination of the cells and their lack of efficiency. Therefore, it is of prime 

importance to ensure these cells' identity, purity, efficacy, and suitability for the 

production of biological products and diagnostic uses. Hence, cells must be 

identified, evaluated, documented, and stored to be used consistently and efficiently. 

With these conditions, vaccine manufacturers have a suitable reserve of efficient and 

valuable cells for the production and quality control of biological products. In this 

review article, a strategic plan was drawn for cell-substrate well-characterization and 

identification according to scientific principles, the author's work experience, and 

regulatory guidance for the optimal use of that cell in research and diagnostic studies 

especially for the biological product production process.  For this purpose, all aspects 

of cell identification, cell evaluation, and cell characterization are discussed. Because 

of the importance of cell identity in the competence of a cell substrate, in the cell 

identification section, all aspects of cell identification, including general cell 

information and specific cell characteristics, especially in terms of cell passage 

history, cell storage conditions, and cell coding and labeling, were studied. In the part 

of cell evaluation and determination of cell characteristics, all required tests to 

determine cell characteristics from various aspects, including determination of cell 

identity, cell growth conditions, cell quality, efficiency, and the possibility of cell 

contamination with adventitious agents, including cellular, viral, bacterial, 

mycoplasma, and mycobacterial agents were introduced. Due to the importance of 

endogenous virus contamination, this topic is specially discussed. In addition, the 

stability of the cell both from the aspect of genetic stability and from the aspect of 

stability of cell efficiency, were discussed. In the end, while reviewing the necessary 

documents to be under the control of the cell for use in the laboratory, based on the 

studies conducted, the certificate of the cell has been compiled. Therefore, on this 

basis, the studied cell can be used for research and diagnostic studies of virology, 

especially for the production and quality control of biological products. 
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1. Context 
Cell substrates are an integral part in producing the 
biological products.  Nowadays, many vaccines, including 
important viral vaccines, are produced based on cell 
cultures or are subject to quality controls. One of the main 
regulations for achieving consistency and safety in the 
production of biological products is the characterization 
and testing of the starting material and the cell substrate. 
Since the use of cell cultures in the industry of biological 
products, there have been concerns regarding the use of 
cells in this industry due to the terrible events happened in 
this field (1). Therefore, establishing the requirements and 
regulations for using cell cultures in this industry was 
vital.  The first requirements for cell substrates were 
published in 1959 by the World Health Organization 
(WHO) for the production of inactivated polio vaccine in 
primary cell cultures derived from all clinically healthy 
monkeys (2). These requirements were later revised in 
1966 (3). After that, other primary cell cultures were used 
to produce other viral vaccines. In 1960, human diploid 
cells (HDCs) were developed and proposed as an 
alternative to primary cultures of monkey kidney cells for 
the production of poliovirus vaccine as well as other viral 
vaccines. The road to acceptance of diploid human cells 
was long and difficult. Primarily because some members 
of the scientific community believed that human diploid 
cells may contain a latent and unknown human oncogenic 
agent, and thus the possible risk factor for recipients of 
vaccines produced in human diploid cells was raised. 
Numerous discussions and conferences on the new data 
eventually led to the acceptance of human diploid cells as 
a substrate for the production of viral vaccines. The 
concept of Master Cell Bank (MCB) and Working Cell 
Bank (WCB) systems and the characterization of cell 
substrates were introduced during this period (4, 5). To 
create a high level of confidence, many preliminary tests 
for each vaccine series derived from human diploid cells, 
including tests of the cell substrate for adventitious agents, 
karyology, and tumorigenesis were performed (6, 7). In 
1986, the WHO established a study group to investigate 
more deeply the cell substrate issues. The study group 
stated that there is no reason to reject continuous cell lines 
(CCLs) as substrates for the production of biological 
products and that they are generally acceptable because 
the production process eliminates viruses that are 
potentially pathogenic to humans and reduces DNA to an 
acceptable level or eliminates its biological activity (1). 
The study group's emphasis on infectious agents as the 
major risk factor was based in large part on experience in 
which virus and disease transmission had occurred 
through contaminated biological products (hepatitis B 
virus and AIDS virus (HIV) in factor eight). The WHO 
regulations and requirements on the use of CCLs for the 

production of biological products were published in 1987 
(8). Therefore, it is crucial to select, characterize, 
document, and know the exact cell substrates to use in the 
production and quality control of biological products. 
Considering that in this review article, all aspects of cell 
study and recognition have been investigated, a specific 
strategy for cell investigation and evaluation will be 
provided to researchers. Therefore, in this study, a specific 
road map has been designed, which allows cell culture 
laboratories, as well as industries producing biological 
products based on cell culture, to identify, characterize, 
document, and bring under control the required cells 
based on this strategy, so that they can use the studied cell 
for specific processes continuously and especially on an 
industrial scale.  
 
2. Evidence Acquisition 
Considering the use of cell culture in the production and 
quality control of many biological products, it is critical to 
know the cell used, determine the characteristics of the 
cell, and storage conditions of the cell, compile the cell 
certificate and other related studies, because the 
requirement to produce a suitable product is to use a 
suitable and specific cell culture. Consequently, the 
process of cell identification and characterization should 
be cleared. This study aimed to introduce the steps and 
process of  identification, characterization, and 
documentation of the cell that is used in the production of 
biological products. Some of the information presented in 
this article has been obtained through extensive searches 
in published articles in this field by the author, but most of 
these are the result of the author's summaries and the 
author's experiences in the field. For this purpose, the 
following steps should be taken: 
1- Cell identification: One of the most important aspects 
of working with cells is compiling a complete certificate 
of the desired cell. For this purpose, complete information 
must be collected from the target cell.  This information 
includes basic and general information about the cell. It 
should be noted that this information plays an effective 
role in cell identification, investigations, and evaluations 
(9). 
2- Cell characterization: The second and basic part of the 
cell certificate is to perform the necessary tests to 
determine the cell characteristics and record the results. 
The results of the experiments can be used in making 
decisions and planning how to use the desired cell (10) 
(11).  
3- Completing a cell documentation: Documenting all 
aspects of cell identification and evaluation ensures that 
the cell is under control and that safe storage of the cell is 
established. The most important document is the cell 
certificate. It is inevitable to have a cell certificate to 
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identify the cell in order to use that cell and check the 
characteristics and information of the cell. Additionally, 
the certificate of the cell is necessary for use in the 
documents of registration and acceptance of the products 
obtained from that cell by the relevant organizations. After 
collecting cell general information and conducting the 
necessary tests to identify and determine cell 
characteristics (cell characterization) and obtain the results 
of the tests performed, the cell certificate can be 
completed and formed. Furthermore, all the documents 
required to be under the control of the cell, including 
specifications, instructions, guidelines, protocols, forms, 
test records, and other necessary documents must be 
prepared, compiled, and controlled.  
 
3. Results 
To perform each of the mentioned steps to identify and 
determine the characteristics of the cells used in the 
production and quality control of biological products, and 
documentation of them, the following operations must be 
performed: (12-14):  
1- Cell general requirements: In this part, all general and 
basic information about the cell is collected and analyzed. 
This information helps vaccine manufacturers and 
researchers to know the target cell and how to use that 
cell. This part of cell identification is divided into several 
groups of information as follows:  
1-1- Cell general information: The general information of 
the cell indicates some basic and important information 
about the cell, which are specified as follows at this stage: 
In the general information section of the cell, the type of 
cell (e.g., primary cell types, diploid cells, cell lines, and 
stem cell) is specified, which is one of the basic 
information about the studied cell. Furthermore, the form 
of the cell during growth, which is one of the three states 
of sticky, semi-sticky, and floating, should be specified in 
this part as an attached cell or suspended cell. In this part, 
the tissue source of the desired cell and the host species of 
the tissue are specified, from which tissue and which 
organism the cell was obtained from. Other information in 
this section includes the source of the cell supplier, the 
primary code of the cell or the primary identification 
number of the cell from the supplier source, as well as the 
media used for the cell (the media used in the cell growth 
phase and also in the cell storage and maintenance phase). 
1-2- Cell specifications: One of the most important cell 
specifications is cell passage information. At this stage, 
the first task is to determine the desired cell passage stage. 
From this point of view, the cells are placed in three 
stages: 1. Parent cell, 2. Master cell, and 3. Working cell 
(15, 16). The parent cell can be a cell purchased from an 
international or national supplier.  The master cell is a cell 

that is prepared from the first cell passage of the parent 
cell, and the working cell is a cell that is prepared from the 
first cell passage of the master cell and is ready to be used 
for specific purposes. After this step, the passage 
information of the cells, including the passage number and 
date of the passage, must be determined. Considering that 
cell passage information is very important in cell 
efficiency, the information in this step will be very 
effective in using the cell (17). Other information that 
must be specified in this section is the number of stored 
cell cryo tubes and the number of cells in each cryo tube, 
which is obtained by counting cells and determining cell 
viability, which is explained in the following sections. It is 
worth mentioning that this cell passage information must 
be specified and recorded for each of the cell passage 
steps.  
1-3- Cell storage conditions: In this section, all cell storage 
information for all three cell stages (Parent, master, and 
working cells) is recorded. This information includes the 
following: Storage date, nitrogen tank number, and can 
and canister number. This information should be specified 
separately for the main storage tanks of the cell as well as 
the backup storage tanks. Moreover, at this stage, the type 
of preservative used and the name of the operator 
performing the operation are recorded in the certificate 
(18).  
1-4- Coding and labeling: To cell coding and labeling at 
each stage of the passage of the cell, it is necessary to act 
according to the internal rules and regulations of the group 
under activity. Although it does not matter if the coding 
and labeling instructions are based on valid references or 
internal rules, it is important that the cell identification 
code must cover the following minimum information so 
that the selected code has a specific identity: 
- Cell name or cell name abbreviation 
- Cell passage stage by mentioning all three stages or 
abbreviation of names 
- The number of the cell passage 
- Supplier of cell  
- The year of preparation of the desired cell 
- Batch number of cell preparation 
- The number of cell cryo tubes compared to the total 
number of tubes prepared in that batch.  
In addition, the labeling of the cell should also convey 
information about the cell so that an independent identity 
can be created for the cell label with the defined colors. 
The color intended for the label should be inclusive of the 
passage stage of the cell to minimize the possibility of 
possible errors between the passage stages. The designed 
code is engraved on the label, and with other 
specifications, they form the cell label (16).  
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2- Cell characterization: Cell characteristics are 
determined by performing tests in five groups of tests 
including the following (10, 19-21):  
2-1- Identification tests: In this group of tests, two 
essential tests are performed:  
2-1-1-Karyotyping: karyotype is the general appearance 
of the complete set of chromosomes in the cells. In this 
technique, mainly sizes, numbers, and shapes of the cells 
are specified. Karyotyping is the process by which a 
karyotype is discerned by determining the chromosome 
complement of a cell, including the number of 
chromosomes and any abnormalities. In karyotyping, 
pictures of the chromosomes from one cell are tacked, cut 
out, and arranged using size, banding pattern, and 
centromere positions as guides. Karyotype describes the 
amount of chromosome count and morphology of 
chromosomes under the light microscope. The derivation 
and study of karyotypes is part of cytogenetic studies. By 
performing cell karyology, the chromosomal map of the 
studied cell is determined (22).  
2-1-2- Molecular tests: By designing the primer of the 
origin of the desired cell, the identity of the cell is 
investigated and evaluated by molecular method. Usually, 
based on the species of origin of the cell being studied, 
different primers are prepared from different animal 
species, which are usually the main species of origin of 
cells used in laboratories, such as human, cow, goat, pig, 
monkey, and so on. Next to the primer of the main species 
of origin of the studied cell, the PCR test is performed. 
Based on this, the origin of the desired cell is determined, 
and any possible cross-contamination of cells between 
species is also determined. (23, 24). 
2-2- Cell growth  profile: In this part, all tests specifying 
cell growth and cell growth conditions are performed as 
follows (25, 26):  
2-2-1-Cell counting: With cell counting, the number of 
cells in the cryo tube is determined. Based on the 
determined number of cells, the next plan for using cell 
and cell passage is planned. 
2-2-2- Viability test: Cell viability is a measure of the 
proportion of live, healthy cells within a population. Cell 
viability assays are used to determine the overall health of 
cells, optimize culture or experimental conditions, and 
measure cell survival following treatment with 
compounds, such as during a virus screen. There are 
several types of assays that can be used to determine the 
number of cell viability. These assays are based on 
various functions of cells, including enzyme activity, cell 
membrane permeability, cell adherence, adenosine 
triphosphate (ATP) production, co-enzyme production, 
and nucleotide uptake activity. Cell viability can also be 
assessed using cell toxicity assays that provide a readout 

on markers of cell death, such as a loss of membrane 
integrity (27).  
2-2-3-Cell growth characteristics: Cells grow by cell 
division, which includes four major components: the G1, 
S, G2, and M phases in sequence. The cell growth curve is 
a graph that plots the number of cultured cells over time. 
By drawing the cell growth curve at different hours of 
logarithmic cell growth, the desired cell growth 
characteristics are evaluated (28). 
2-2-4-Homogeneity: In this type of examination, the 
homogeneity and the way of cell growth in the desired 
system are examined and evaluated. The uniformity of the 
cell affects the efficiency of the cell as well as the 
durability of the cell (29). 
2-3- Investigation of tumorigenic characteristics of cells: 
Cell systems to produce vaccines bear the risk of 
tumorigenicity or oncogenicity. Therefore, we should 
evaluate the tumorigenic and oncogenic potential of the 
cells following the requirements. 
2-3-1- Tumorigenicity test: Tumorigenicity is defined as 
the property of a cell to form tumors when inoculated into 
an immunosuppressed animal model. The purpose of this 
test is to see if the desired cell is able to create a tumor 
after inoculation to laboratory animals. TPD50 
(tumorigenic dose in 50% of animals) and the ability to 
form metastases are the characteristics of cell lines, which 
are considered to diagnose the tumor phenotype of a cell 
line. Line cell cultures obtained from rodents do not need 
to be tested for tumorigenicity, but human epithelial cells 
and all cell lines used to produce viral vaccines must be 
tested. Use an animal model that is known to be 
susceptible to tumor formation by tumorigenic cells. Use 
these as animal models because neonatal and aged 
immunocompromised rodents are relatively sensitive to 
reveal a tumorigenic phenotype. Thus, the most used 
animal for tumorigenesis tests is nude (nu/nu) (Athymic) 
mice because they have T cell defects  (30, 31). 
2-3-2- Oncogenicity test: Oncogenicity testing is required 
whenever test cells are tumorigenic in an 
immunosuppressed animal model. This study will check if 
the lysate of test cells or extracted DNA of the test cell can 
form tumors in the nude mice system. If a vaccine is 
manufactured in a cell substrate that has a tumorigenic 
phenotype, this cell line might carry a higher theoretical 
risk of containing oncogenes or oncogenic viruses (32). 
2-4- Cell stability studies: In cell stability studies, which 
are an important evaluation of the cell, especially 
regarding the guarantee of cell efficiency, two types of 
studies are performed: 
2-4-1- Study of genetic stability: The main concerns of the 
cell substrate stability are consistent production of the 
recombinant (rDNA) protein and retention of production 
capacity during storage under defined conditions. For this, 
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an analysis of the genetic stability of the production cells 
(MCB) and cells at the limit of in vitro cell age (End of 
Production Cells [EPC]) should be compared. The protein 
coding sequence for the rDNA protein of the expression 
construct needs to be verified. The DNA amplified by 
PCR from the sample DNA or cDNA prepared from 
RNA isolated from the test article (MCB and EPC) is 
used to perform the DNA sequencing analysis (5, 33). 
2-4-2- Study of stability during storage: In these studies, 
the level of cell stability is determined, especially in terms 
of viability during the storage period of the cell. So that 
the cells are sampled at specific time intervals and cell 
viability is calculated. The stability and suitability of the 
cell substrate during cold storage must be proven. If 
records for storage show no deviation in characteristics, 
periodic testing to determine percent survival is not 
necessary. Each cell should be sampled once every five 
years to confirm suitability for production by calculating 
storage conditions. 
2-5-Tests to determine the purity of the cell: In this group, 
the purity tests of the studied cell and the possible 
unwanted contamination in the cell are evaluated, 
including the following (34, 35): 
2-5-1-Evaluation of bacteria and fungi in cells: This is 
determined by the culture of cells in microbiological 
media.  This test is performed in a direct method using a 
thioglycollate culture medium for the growth of aerobic, 
microaerophilic, and anaerobic bacteria, and a TSB 
culture medium for the growth of bacteria and fungi. 
2-5-2-Evaluation of adventitious viruses in cells: 
Detection of adventitious viruses in cell cultures, is done 
in the following ways: 
- Cell extract culture in cells sensitive to viruses,  
- Cell extract culture in the allantoic fluid of SPF 

embryonated eggs,  
- Cell extract injection into the peritoneum of adult and 

infant mice,  
- Molecular investigation for some specific viruses 

with specific primers. 
- Detection of some viruses by transmission electron 

microscopy (TEM) 

The most important bovine viruses as recommended, are 
Bovine viral diarrhea virus, Bluetongue virus, Bovine 
respiratory syncytial virus, Bovine adenovirus, Bovine 
parvovirus, Reovirus 3, and Rabies virus. Moreover, one 
of the most important viruses is retroviruses. Tests for 
retroviruses should include infectivity assays, reverse 
transcriptase (RT) assays, and transmission electron 
microscopy studies (36, 37). 

2-5-3- Evaluation of mycoplasmas: The probability of cell 
contamination with mycoplasmas is determined by cell 
culture in specific environments. Mycoplasma detection is 
done by direct culture method and using PPLO agar and 
PPLO broth culture media. (38).  
2-5-4- Detection of mycobacteria: To perform this test, 
the concentrated suspension extract prepared from the cell 
seed, which has been frozen and thawed in three stages, is 
cultured in tubes containing Lönstein's culture medium. 
3- Completion of the cell certificate: In this way, by 
completing the above information in phases 1 and 2, a 
complete certificate of the studied cell is formed, and this 
certificate can be used and recorded for the cell. An 
example of this certificate is shown in tables 1 and 2. 
4- Preparation of other cell documents: All the documents 
required for the control of the cell, which include the 
following, must be compiled: 
4-1-Instructions and protocols: All necessary instructions, 
protocols, and guidelines for cell identification and 
characterization must be developed based on legal 
requirements (39). 
4-2-Test Records: The necessary forms to record the 
information obtained from the tests to determine the 
characteristics of the cells under study should be designed, 
and all the test results should be recorded in the forms. 
4-3-Specification: It is necessary to extract and record all 
the specifications of the tests necessary to determine the 
characteristics of the cell and apply them to different tests. 
 
4. Conclusion 
The use of cells in the biological industry goes back many 
years, so that for various reasons, today, the use of cells in 
these industries is inevitable for the production and quality 
control of these products. In addition, many cells are used 
in research and diagnostic studies (40). 
Establishing a well-characterized cell is an important 
component of the quality control program for the 
manufacturing process of biological products (16, 41). 
The first requirements for cell substrates were published 
in 1959 by the WHO for the production of inactivated 
polio vaccine in primary cell cultures derived from all 
clinically healthy monkeys (2). After that, other primary 
cell cultures were used to produce other viral vaccines.  
Consequently, to use a cell in the production and quality 
control of biological products, the desired cell must be 
well investigated and identified, and complete information 
from this cell must be collected and controlled. 
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Cell Name: 

1. Cell General Requirements 

1.1. Cell General Information 
Medium Type Cell 

Code 

Cell 

Supplier 

Cell Source Cell Type 

Freeze Growth Tissue Species Suspended Attached line Diploid Primary 

           

1.2. Cell Specification 

Number of Cells/ 

tube 
Number of tubes Passage Date 

Passage 

Number 
Cell 

    Parent Cell 

    Master Cell 

    Working Cell 

1.3. Cell Storage Condition 

Cell 
Freeze 

Date 

Main Storage Backup Storage 

Preservative 
Nitrogen 

Tank 

Code 

Canister 

Number 

Cane 

Number 

Nitrogen 

Tank 

Code 

Canister 

Number 

Cane 

Number 

Parent Cell         

Master Cell         

Working Cell         

1.4. Cell Coding & Labeling 

Label Sample Code Cell 

  Parent Cell 

  Master Cell 

  Working Cell 

 

Comments: 

Prepared By:                                                                                            Approved By: 

 

Table 1: An example of phase one of cell certificate (general cell information)  
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2. Cell Characterization (Master and Working Cell) 

Tests Applicability Cell bank Date 
Operato

r 
Result 

Id
en

ti
ty

 

Karyology DCL 
MCB    

WCB    

Molecular Tests DCL, CCL 
MCB    

WCB    

C
el

l 
g
ro

w
th

 

p
ro

fi
le

 

Viability DCL,CCL 
MCB    

WCB    

Growth Characteristics DCL, CCL 
MCB    

WCB    

Homogeneity DCL, CCL 
MCB    

WCB    

T
u

m
o
ri

g
e

n
es

is
 Tumourigenicity DCL, CCL 

MCB    

WCB    

Onchogenicity DCL, CCL 
MCB    

WCB    

S
ta

b
il

it
y
 

Genetic Stability DCL, CCL 
MCB    

WCB    

Stability during cryostorage DCL, CCL 
MCB    

WCB    

P
u

ri
ty

/ 
S

te
ri

li
ty

 (
M

ic
ro

b
ia

l 
a
g
en

ts
) 

Virus 

Tests in animals and eggs DCL, CCL, PCC 
MCB    

WCB    

Tests in cell culture DCL, CCL, PCC 
MCB    

WCB    

Tests for particular 

viruses 
DCL, CCL, PCC 

MCB    

WCB    

Bacterial and Fungal Sterility DCL, CCL, PCC 
MCB    

WCB    

Mollicute

s 

Mycoplasma DCL, CCL, PCC 
MCB    

WCB    

Mycobacteria DCL, CCL, PCC 
MCB    

WCB    

MCB: Master Cell Bank                                      WCB: Working Cell Bank                            PCC: Primary Cell culture 

CCL: Continuous Cell Line                                 DCL: Diploid Cell Line                                                                         

Comments: 

  

Prepared By:                                                                                              Approved By: 

 

Table 2: An example of phase two of cell certificate (cell characterization)  
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This issue is very important when using a new cell and 
replacing it with the previous cell. If we have a correct 
strategy to identify, characterize, document, and control 
the cell, we can use that cell to produce and control a 
biological product, because using an inappropriate cell or 
not having the right program to have a cell in mass 
volume can cause irreparable damage to the production 
process. Therefore, manufacturers must have a specific 
strategy for cell preparation, cell identification and 
determination, cell documentation, and the use of 
controlled cells for different production processes. 
Therefore, in this review article, this strategy is drawn in a 
specific and codified form to be a road map for cell 
culture industries and laboratories in this direction. To be 
under the control of a cell, the set of general information 
as well as the specific information of the cell must be 
prepared. General information about the cell includes 
basic characteristics of the cell, cell type, cell storage 
information, coding, cell labeling, and cell passage 
information. Information about cell passage plays a key 
role in the suitability of that cell for use, especially in the 
production of biological products, and ensuring the correct 
passage and in the number of controlled passages. This 
information must be fully specified, collected, and edited 
(42). The specific information of the cell is the result of 
identifying and determining the characteristics of the cell 
in the laboratory. According to the WHO standard, a cell 
line to be used for the production of biological products 
must be examined and evaluated in various ways. After 
choosing a cell line, it should be studied and investigated 
in terms of growth characteristics, viability, identity, 
stability, homogeneity, cytogenetics, tumorgenicity, 
bacterial and fungal contamination, and other possible 
adventitious agents, especially viral infections (43). 
Describing the characteristics of the cell is vital not only to 
determine its capabilities but also to prove its authenticity, 
and based on the desired goal, the investigation and 
identification of the cell with various techniques such as 
karyotype, isozyme analysis, investigation of cell surface 
antigens and other methods are carried out. In the 
following, in order to use the desired cell in the biological 
products production industry, complete documentation 
must be prepared based on the studies conducted on the 
cell. The most important part of the cell's documentation 
is the cell's certificate, which must be prepared and 
controlled in two phases based on the general information 
of the target cell as well as the results of the tests 
performed on the cell. Based on the prepared certificate, it 
can be concluded whether the desired cell can be used, 
especially in the biological product production industry. In 
this review article, in three steps, the cell used for the 
production and quality control of biological products is 
identified, characterized, and documented. As a result, for 

the Identification process, all aspects related to early cell 
identification are discussed in this paper, including cell 
general information, cell specifications, cell storage 
conditions, and coding and labeling of the cells. All the 
said aspects were explained and discussed in this study. 
For the next step, the cell identification process was 
discussed. In this part, all the items that are needed to 
determine the characteristics  of a cell for use in the 
production of biological products were explained in detail, 
including karyotyping, molecular tests, cell counting, 
viability test, cell growth characteristics, homogeneity, 
tumorgenicity test, oncogenicity test, study of genetic 
stability, study of stability during storage, evaluation of 
bacteria and fungi in cells, evaluation of adventitious 
viruses in cells, evaluation of mycoplasmas, and detection 
of mycobacteria. In the third step, an example of cell 
certificate includes all the identification and 
characterization has been shown. Furthermore, in the 
documentation section, other documents required for a 
cell in addition to the certificate of the cell were discussed. 
In this way, complete information for identifying, 
characterizing, documenting, and being under the control 
of a cell for using that cell in research and diagnostic 
studies in virology laboratories and especially for the 
production and quality control of biological products in 
the biological product industries are presented in this 
article. In this way, by using this strategy and possessing a 
suitable cell reserve of controlled cells, the many concerns 
existed regarding the use of these cells, especially in 
industries and among manufacturers, will be solved to a 
large extent. The key point in this article is that, a specific 
strategy has been drawn with an emphasis on identifying 
and determining cell characteristics so that the cells used 
in laboratories and industries can be properly examined 
and controlled. Considering that the main focus of this 
article is on the identification and evaluation of cells, 
some aspects affecting the cells, especially during the 
formation of the cell bank, are not included in this article, 
which need further studies. 
 
Acknowledgment 
The authors would like to thank the staff of the laboratory 
animal, quality control, and biobank departments, Razi 
Vaccine & Serum Research Institute, for their 
cooperation.  
 
Authors' Contribution 
Study concept and design: Soleimani S. 
Acquisition of data: Soleimani S. 
Analysis and interpretation of data: Soleimani S. 
Drafting of the manuscript: Soleimani S.  
Critical revision of the manuscript for important 
intellectual content: Soleimani S.  



Soleimani et al / Archives of Razi Institute, Vol. 79, No. 3 (2024) 449-458  

 

 

457 

Statistical analysis: Soleimani S.  
Administrative, technical, and material support: Soleimani 
S.  
 
Ethics 
We hereby declare all ethical standards have been 
respected in preparation of the submitted article. 
 
Conflict of Interest 
The authors declare that they have no conflict of interest. 
 
Grant Support 
This research was financially supported by the Razi 
Vaccine and Serum Research Institute, Agricultural 
Research, Education and Extension Organization in Karaj, 
Iran. 
 
Data Availability  
The data that support the findings of this study are 
available on request from the corresponding author. 

References 

1. Acceptability of cell substrates for production of biologicals. 

Report of a WHO Study Group on Biologicals. World Health 

Organization technical report series. 1987;747:1-29. 

2. WHO. Requirements for Poliomyelitis Vaccine (Inactivated). 

In Requirements for Biological Substances: 1. General 

Requirements for Manufacturing Establishments and Control 

Laboratories; 2. Requirements for Poliomyelitis Vaccine 

(Inactivated). WHO Technical Report Series No 178. 1959. 

3. WHO. Requirements for Poliomyelitis Vaccine (Inactivated). 

In Requirements for Biological Substances. Manufacturing 

and Control Laboratories. . WHO Technical Report Series No 

323. 1966. 

4. Hayflick L, Plotkin S, Stevenson R. History of the acceptance 

of human diploid cell strains as substrates for human virus 

vaccine manufacture. Developments in biological 

standardization. 1987;68:9-17. 

5. Hayflick L. A brief history of cell substrates used for the 

preparation of human biologicals. Developments in 

biologicals. 2001;106:5-23. 

6. Perkins FT. Suggested methods for the management and 

testing of a passaged diploid cell culture used for virus vaccine 

production. Japanese journal of medical science & biology. 

1971;24(5):342-4. 

7. WHO. equirements for Poliomyelitis Vaccine (Oral). In 

Requirements for Biological Substances WHO Technical 

Report Series No 486. 1962. 

8. WHO. Requirements for continuous cell lines used for 

biologicals production. In: WHO Expert Committee on 

Biological Standardization. World Health Organization, 

Annex 3 (WHO Technical Report Series, No 745. 1987. 

9. Ziyaeifar F, Soleimani S, Lotfi M. Identification of Iranian 

BHK-21-C5 Cell Line by Two Steps Polymerase Chain 

Reaction. Arch Razi Inst. 2021;76(2):193-201. 

10. Schiff LJ. Review: Production, characterization, and testing 

of banked mammalian cell substrates used to produce 

biological products. In Vitro Cellular & Developmental 

Biology - Animal. 2005;41(3):65-70. 

11. Ziyaeifar F, Soleimani S. Characterizing the BHK-21 C5 

cell line and determining cellular sensitivity to rubella virus 

compared with the routine cell (RK13). Arch Razi Inst. 

2021;76(3):461-9. 

12. Ziaiifar F, Soleimani S, Lotfi M. Characterization of the 

BHK-21C5 Cell line and Its Introduction for use in Research, 

Diagnostics and Production of Biological Products %J Alborz 

University Medical Journal. 2020;9(4):405-14. 

13. Ziayaeifar F, Soleimani S. Evaluation of BHK-21 Cell Line 

for Specific Viruses by Two Different PCR Methods %J 

Archives of Razi Institute. 2022;77(5):1631-7. 

14. Weiskirchen S, Schröder SK, Buhl EM, Weiskirchen R. A 

Beginner&rsquo;s Guide to Cell Culture: Practical Advice for 

Preventing Needless Problems. 2023;12(5):682. 

15. Masters JR, Stacey GN. Changing medium and passaging 

cell lines. Nature protocols. 2007;2(9):2276-84. 

16. Soleimani S. A Review of the Establishment of the Seed Lot 

System in the Production of Biological Products and Its 

Importance. Arch Razi Inst. 2022;77(6):2023-35. 

17. Kwist K, Bridges WC, Burg KJL. The effect of cell passage 

number on osteogenic and adipogenic characteristics of D1 

cells. Cytotechnology. 2016;68(4):1661-7. 

18. Heidemann R, Lünse S, Tran D, Zhang C. Characterization 

of cell-banking parameters for the cryopreservation of 

mammalian cell lines in 100-mL cryobags. Biotechnology 

progress. 2010;26(4):1154-63. 

19. Sinha J, Inan M, Fanders S, Taoka S, Gouthro M, Swanson 

T, et al. Cell bank characterization and fermentation 

optimization for production of recombinant heavy chain C-

terminal fragment of botulinum neurotoxin serotype E 

(rBoNTE(Hc): Antigen E) by Pichia pastoris. Journal of 

Biotechnology. 2007;127(3):462-74. 

20. Weiskirchen SS, S.K.; Buhl, E.M.; Weiskirchen, R. A 

Beginner’s Guide to Cell Culture: Practical Advice for 

Preventing Needless Problems. 2023;12,682. 

21. Ziayaeifar F, Soleimani S. Evaluation of BHK-21 Cell Line 

for Specific Viruses by Two Different PCR Methods. Arch 

Razi Inst. 2022;77(5):1631-7. 

22. Uno Y, Nozu R, Kiyatake I, Higashiguchi N, Sodeyama S, 

Murakumo K, et al. Cell culture-based karyotyping of 

orectolobiform sharks for chromosome-scale genome analysis. 

Communications biology. 2020;3(1):652. 



Soleimani et al / Archives of Razi Institute, Vol. 79, No. 3 (2024) 449-458  458 

23. Cooper JK, Sykes G, King S, Cottrill K, Ivanova NV, 

Hanner R, et al. Species identification in cell culture: a two-

pronged molecular approach. In vitro cellular & 

developmental biology Animal. 2007;43(10):344-51. 

24. Ziyaeifar F, Soleimani S, Lotfi M. Identification of Iranian 

BHK-21-C5 Cell Line by Two Steps Polymerase Chain 

Reaction %J Archives of Razi Institute. 2021;76(2):193-201. 

25. Patil R, Kale AD, Mane DR, Patil D. Isolation, culture and 

characterization of primary cell lines of human buccal mucosal 

fibroblasts: A combination of explant enzamytic technique. 

Journal of oral and maxillofacial pathology : JOMFP. 

2020;24(1):68-75. 

26. Yashwanth BS, Goswami M, Kooloth Valappil R, Thakuria 

D, Chaudhari A. Characterization of a new cell line from 

ornamental fish Amphiprion ocellaris (Cuvier, 1830) and its 

susceptibility to nervous necrosis virus. Scientific Reports. 

2020;10(1):20051. 

27. Kamiloglu S, Sari G, Ozdal T, Capanoglu E. Guidelines for 

cell viability assays. 2020;1(3):332-49. 

28. Xu N, Chen X, Rui J, Yu Y, Gu D, Ruan JJ, et al. Cell 

growth measurement. 2020:37. 

29. Zhao C. Cell culture: in vitro model system and a promising 

path to in vivo applications. Journal of Histotechnology. 

2023;46(1):1-4. 

30. Oh S, Gu EY, Han JS, Lee BS, Moon KS, Kim YB, et al. 

Tumorigenicity Assessment of Human Cancer Cell Lines 

Xenografted on Immunodeficient Mice as Positive Controls of 

Tumorigenicity Testing. International journal of toxicology. 

2022;41(6):476-87. 

31. Gutiérrez-Martínez A, Sew WQG, Molano-Fernández M, 

Carretero-Junquera M, Herranz H. Mechanisms of oncogenic 

cell competition-Paths of victory. Seminars in cancer biology. 

2020;63:27-35. 

32. Di Marco MV, Voena CJPCM. Review: biological 

implications of oncogenic rearrangements in non-small cell 

lung cancer. 2022. 2022;5. 

33. Ingram D, Stan G-B. Modelling genetic stability in 

engineered cell populations. Nature Communications. 

2023;14(1):3471. 

34. Feng F, Huang C, Xiao M, Wang H, Gao Q, Chen Z, et al. 

Establishment and characterization of patient-derived primary 

cell lines as preclinical models for gallbladder carcinoma. 

2020. 2020;9(3):1698-710. 

35. Young L, Sung J, Stacey G, Masters JR. Detection of 

Mycoplasma in cell cultures. Nature protocols. 2010;5(5):929-

34. 

36. Manohar M, Orrison B, Peden K, Lewis AM, Jr. Assessing 

the tumorigenic phenotype of VERO cells in adult and 

newborn nude mice. Biologicals. 2008;36(1):65-72. 

37. Torabi S, Soleimani S, Mahravani H, Ebrahimi MM, 

Shahsavandi S. Mouse Fibroblast L929 Cell Line as a Useful 

Tool for Replication and Adaptation of Infectious Bursal 

Disease Virus %J Archives of Razi Institute. 2023;78(3):863-

71. 

38. Nikfarjam L, Farzaneh P. Prevention and detection of 

Mycoplasma contamination in cell culture. Cell journal. 

2012;13(4):203-12. 

39. Soleimani S, Abedi Kiasari B. Evaluation and comparison of 

Hela, Hep2C and Vero cell lines sensitivity to polio vaccinal 

virus using micro and macro vaccine potency tests %J 

Archives of Razi Institute. 2012;67(2):125-31. 

40. Ghanemi A. Cell cultures in drug development: 

Applications, challenges and limitations. Saudi pharmaceutical 

journal : SPJ : the official publication of the Saudi 

Pharmaceutical Society. 2015;23(4):453-4. 

41. Chaudhary SS, Pandey KD, Singh RP, Verma PC, Gupta 

PK. A vero cell derived combined vaccine against sheep pox 

and Peste des Petits ruminants for sheep. Vaccine. 

2009;27(19):2548-53. 

42. Stacey G. Risk Assessment of Cell Culture Procedures. 

2007. p. 567-87. 

43. WHO. Recommendations for the evaluation of animal cell 

cultures as substrates for the manufacture of biological 

medicinal products and for the characterization of cell banks. 

Replacement of Annex 1. WHO Technical Report Series, No 

878 Annex 3. 2013. 

 


