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Abstract 

 

Medicinal products of biological origin like monoclonal antibodies (MAbs), 

vaccines, antibodies, gene therapy products and other biologically derived therapeutic 

proteins contribute significantly to save millions of lives either by preventing the 

disease or offering the cure. The manufacturing process of such biologics is complex 

and prone to contamination by known and unknown adventitious agents. Vaccines 

constitute a major part of such biological products. The potential sources of such 

adventitious agents in vaccines are cell substrates, seed stocks, animal derived raw 

materials such as foetal bovine serum, trypsin, gelatin, albumin, etc. The cell 

substrates and seed stocks can be extensively characterized before selection to 

minimize the risk of adventitious agents. However, the raw materials, being 

consumables, pose a significant potential threat of adventitious viruses into the 

product. The heat resistant items such as protein hydrolysates can be subjected to 

heating processes, while the heat sensitive raw materials such as animal sera, 

enzymes need special considerations. In case of inactivated vaccines, the inactivation 

steps, such as use of chemicals like formalin, beta-propiolactone, can minimize the 

risk of contaminants arising through raw materials. The issue becomes more 

complicated in case of live viral vaccines, as the end product is a living entity and 

therefore, can’t be subjected to the harsh physical conditions or virus removal steps 

such as exposure to high pH, nano-filtration, etc.  

 

Trypsin and Foetal Bovine Serum (FBS) are two most essential animal origin 

raw materials used in the manufacturing of majority of the viral vaccines and are 

considered to be most probable source of adventitious agents. As an example, Bovine 

Viral Diarrhea virus (BVDV) has been predominantly found to be present in most, if 

not all, commercial scale batches of FBS. The use of trypsin has been found to pose a 

risk of contamination with parvoviruses and circoviruses. One needs to explore 

methodologies to minimize or eliminate such risks in order to obtain safe biological 

products. In this study, few methodologies were evaluated for their efficacy to 

minimize or eliminate risk of such adventitious agents arising through trypsin and 

FBS for their prospective use in the vaccine manufacturing process. The 

manufacturing of live attenuated vaccine essentially involves two stages viz. cell 

culture and virus culture. In order to assess universal acceptability of the 

methodologies evaluation, one of the most fastidious human diploid (MRC-5) cells 

and a primary chicken embryo culture (CEC) were selected as representative cell 



 

 

cultures. For virus cultures, Measles and Rubella viruses produced on MRC-5 cells 

and Mumps virus produced on CEC as a substrate were selected for this study. The 

selection of these viruses for study was done because these viruses were attenuated 

viruses, therefore safe for handling, the manufacturing processes of Measles, Mumps 

and Rubella vaccine were well established with fine control over all parameters on a 

large scale with consistent outputs over a long period, the testing methods of these 

viruses were well established, accurate and sensitive and all these factors enable to 

find out any differences in the performance of various methodologies under 

evaluation. Furthermore, as per the targeted global immunization/eradication 

programs, Measles and Rubella vaccines are required in substantial quantities for at 

least next few years. Any positive outcome of the thesis work would be helpful to 

implement in commercial manufacturing process to minimize the risk of adventitious 

viruses.  

 

Various technologies such as ultraviolet-C irradiation, gamma irradiation and 

virus retention filters were selected for study of inactivation or removal of viruses. A 

recently developed UV-C irradiation system was evaluated and found to be effective 

for inactivation of a wide variety of viruses spiked in FBS containing media. The 

media, after UV-C irradiation, were also found to be suitable for cell cultures. Gamma 

(γ) irradiation has already been extensively studied for its inactivation efficiency for a 

variety of microorganisms including viruses. The performance of gamma-irradiated 

trypsin and FBS was evaluated and found to be comparable with conventional trypsin 

and FBS for cell culture as well as Measles, Mumps & Rubella virus culture 

suitability. The virus retention filters were evaluated and found to be suitable for 

filtration of nutritional tissue culture media without affecting their growth promoting 

properties. However, due to limitations in scalability and other operational 

difficulties, the use of these filters was found to be unsuitable at commercial 

manufacturing level. Attempts were also made to evaluate non-animal derived raw 

materials such as recombinant trypsin and serum free media. The performance of 

recombinant trypsins was evaluated and found to be comparable with porcine origin 

trypsin for its cell culture and virus culture suitability for vaccine manufacturing 

process. The evaluation of serum free media was performed using few commercial 

serum free media; however, due to poor performance of these media for anchorage 

dependent cell cultures, the work could not be continued.  

 



 

 

In conclusion, the use of UV-C irradiation system for pre-treatment of FBS 

and the use of gamma irradiated FBS can significantly minimize risk of adventitious 

viruses arising from FBS and trypsin. The use of recombinant trypsin in place of 

porcine trypsin can completely eliminate the risk of adventitious viruses. These 

technologies can be implemented in commercial manufacturing process to minimize 

the risk of adventitious viruses. While, the technologies of virus retention filters and 

serum free media need further research to make them suitable for routine 

manufacturing process in biological products. 
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1. Background of problem: 

 

Medicinal products, especially those of biological origin, contribute significantly 

to save millions of lives either by preventing the disease or offering the cure. Use of 

small pox vaccine enabled global eradication of disease [1] and use of polio vaccine has 

practically reduced global polio incidences by 99% [2]. Vaccination has also achieved 

significant reduction in various diseases such as measles, rubella, tetanus, diphtheria, 

whooping cough (Pertussis) and hepatitis-B [3,4]. New products like monoclonal 

antibodies (MAbs), novel vaccines, antibodies, gene therapy products and other 

biologically derived therapeutic proteins are added in the market every now & then to 

conquer the infections, diseases & abnormalities. The manufacturing process of 

biologics is challenging and complex and prone to contamination by known and 

unknown adventitious agents [5]. The potential sources of such adventitious agents in 

viral vaccines are cell substrates, seed virus stocks, animal derived raw materials such as 

foetal bovine serum, trypsin, gelatin, albumin, non-animal origin materials like amino 

acids, sugars, etc [6]. The cell banks have potential to vertically transmit latent viruses 

like herpes virus or endogenous retrovirus to next generations which can get expressed 

unexpectedly as an infectious virus [7]. The cell substrates and seed stocks can be 

extensively characterized before selection to minimize the risk of adventitious agents 

[8]. However, the raw materials, being consumables, pose a significant potential threat 

of adventitious agents such as bovine viral diarrhea virus, BSE/TSE agents, parvovirus, 

other viruses, mycoplasma, etc. to the apparently safe life-saving finished products. 

These contaminating agents need to be carefully looked at, before using raw materials in 

the manufacturing process.  

 

Several methodologies have been suggested to detect & possibly eliminate the 

risk of such contaminants being present in the raw materials. Methods describing 

sourcing of the raw materials have been a part of reducing the risk. However, these 

methods are of generic nature & are not expected to eliminate completely the risk of 

contamination. Based on the premise that, the adventitious agents would be present in 

these raw materials, there are different technologies available to remove these 

contaminants. The animal derived materials like protein hydrolysates are heat resistant 

and can be subjected to heat treatment. However temperature sensitive items like animal 

sera, enzymes need special considerations. In case of inactivated vaccines, the 
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inactivation steps, such as use of chemicals such as formalin, beta-propiolactone, can 

minimize the risk of contaminants arising through raw materials. The issue becomes 

more complicated in case of live viral vaccines, as the end product is the living entity & 

therefore, can’t be subjected to the harsh physical conditions or virus removal steps such 

as exposure to high pH, nano-filtration, etc.  

 

The risk of prions can be controlled by appropriate sourcing of materials. 

Bacteria and molds/fungi, being heat sensitive, can be easily taken care by heat 

inactivation and also by 0.2 micron sterile filtration [9,10]. Generally because of these 

controls, raw materials do not contribute to bioburden events in the products. 

Mycoplasmas are inactivated by heat, low pH and gamma irradiation. In case of heat 

sensitive raw materials, a validated 0.1 micron filtration can take care of potential 

contamination of mycoplasma. The inactivation of prions is extremely difficult 

(EMEA/410/01 Rev 2) and the sourcing of raw materials is a more practical approach 

for their control e.g. sourcing of bovine sera from a country with negligible BSE risk 

like Australia or New Zealand. Viruses are most diversified microorganisms with respect 

to their sizes, source, structural properties and resistance to physico-chemical factors. 

Predominant source of adventitious viruses are animal derived components used in the 

manufacturing process of the biological products and majority of the regulatory 

guidelines give more emphasis on viral clearance strategies that can be implemented 

based on the type of manufacturing process of the biological products. The risk of 

contamination through cell stocks, seed viruses and animal derived raw materials can be 

minimized by testing of viruses and validation of virus removal and / or inactivation 

steps in the manufacturing process. Testing alone cannot ensure absence of viruses due 

to limitations in testing methods.  

 

Based on the premise that, the adventitious agents would be present in these raw 

materials, it is necessary to develop methods which can ensure maximum virus removal. 

There are different technologies available for viral clearance such as heat treatment, 

drastic pH changes, solvent/detergent (S/D) treatment etc [11]. The issue of virus 

clearance becomes more complicated in case of live viral vaccines, as the manufacturing 

process does not involve inactivation steps; the end product is a living entity and 

therefore, can’t be subjected to the harsh physical and chemical treatments.  
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Today, advanced technologies such as recombinant products, fermentation of 

suspension cell cultures are being established for manufacturing of newer products. 

However, the anchorage dependent tissue culture based vaccines still contribute a major 

share in the available vaccines manufactured by various technologies. Tissue culture 

derived human vaccines such as small pox, polio, rabies, measles, rubella, mumps, 

influenza, yellow fever have played a major role in global vaccination campaigns. 

Trypsin and FBS are the most essential animal derived raw materials for manufacturing 

of majority of the tissue culture based vaccines. These raw materials are having lot to lot 

variation with respect to the risk of adventitious viruses and are therefore considered to 

be major potential source of adventitious viruses. Regulatory guidelines for the 

prevention and control of viral contamination are based on a holistic method that 

includes appropriate raw material sourcing combined with removal/activation steps, in-

process testing and methods to show virus clearance. Nowadays, many manufacturers 

have introduced inactivation/removal steps for critical raw materials. Common 

inactivation steps include heat treatment, use of ultraviolet and gamma irradiation 

technology. One challenge with viral inactivation is achieving the destruction of 

unwanted viral contaminants without damaging the biologic drug substance. Virus 

removal is also effectively achieved using virus retentive filtration. Evaluation of such 

virus removal methods can be best achieved by spiking the studies with appropriate 

model viruses by simulating actual production process at a small scale. It is essential to 

mimic all important parameters at large scale process for such studies [12].  

 

Ultraviolet-C (UV-C): UV-C irradiation destroys viral nucleic acids, without much 

affecting structure and function of proteins. Porcine parvoviruses, can be easily 

inactivated by UV-C [13].  

 

Gamma Irradiation: Gamma irradiation is an established method of inactivating 

adventitious agents in raw materials. Common potential contaminant of FBS such as 

reovirus and CVV get efficiently inactivated γ irradiation at 25–40 kGy even in frozen 

condition. However, the irradiation process needs to be performed by expert, trained 

personnel for consistent performance of process [13].  

 

Virus Retention Filtration: Many manufacturers of biopharmaceuticals have 

introduced use of virus retention filters as a part of process, especially in downstream 
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steps. This is a very efficient method of virus removal; however due to very low pore 

size, there is clogging of filters thereby reducing the throughput of process [13].  

 

In order to eliminate the risk of viral contamination, besides appropriate sourcing 

and testing of raw materials, it is essential to validate procedures of virus inactivation 

and/or removal of viruses in the manufacturing process.  

 

2.  Selection of viruses for study:  

 

Selection of viruses for viral clearance studies is an important aspect. There are 

three types of viruses. Relevant viruses are those identified as likely contaminants in the 

process. Specific model viruses are closely related and having similar characteristics to 

the potential contaminants. Nonspecific model viruses are most preferred for evaluation 

of virus clearance procedures. Other important aspects of virus selection are as follows 

[7] – 

 Viruses should give sufficiently high titre. 

 Virus should have accurate and consistent quantification method. 

 Virus should not have health hazard to personnel involved in work. 

 Use of control assays is necessary to rule out non-specific parameters that may 

affect the process.  

 Virus inactivation is time-dependent and the study should include parameters of 

large-scale process. 

 

Besides inactivation or removal of viruses potentially originating from FBS and 

trypsin, another approach is to find out animal component free raw materials as an 

alternative to them.  In last two decades, lots of efforts have been taken to develop serum 

free tissue culture media. As an example, CHO cells have been successfully adapted to 

grow in suspension cultures using serum free media. In recent years, few recombinant 

trypsins have been developed. These are manufactured using synthetically prepared 

genes expressed in biological systems within using any animal derived raw materials. 

The use of such animal component free raw materials, if successful, can eliminate the 

risk of adventitious agents completely.  
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3. Rationale for selection of process: 

 

The endeavor of this thesis was to evaluate a series of methodologies for their 

efficacy to eliminate or minimize the risk of such adventitious agents as well as to 

evaluate use of animal-component free alternatives to avoid use of animal derived raw 

materials. A more emphasis was given on two most essential heat sensitive animal 

derived raw materials viz. trypsin and Foetal Bovine Serum (FBS), used in the 

manufacturing of tissue culture based products. The approach for designing work plans 

was to assess suitability of these methodologies for their prospective use in upstream 

processing during manufacturing of selected tissue culture based vaccines.  

The manufacturing of live attenuated vaccine essentially involves two stages viz. cell 

culture and virus culture. Various cell cultures widely used for vaccine manufacturing 

include continuous cell lines such as Vero, CHO, MDCK cell lines; human diploid cell 

strains having finite-life strains and primary cultures. In order to assess universal 

acceptability of the methodologies under evaluation, one of the most fastidious human 

diploid (MRC-5) cells and a primary chicken embryo culture (CEC) were selected as 

representative cell cultures. For virus cultures, Measles and Rubella viruses produced on 

MRC-5 cells and Mumps virus produced on CEC as a substrate were selected for this 

study. Following are the reasons for selection of cells and viruses for evaluation – 

 

1. Human diploid (MRC-5) cells being one of the most fastidious cells, truly 

represent a worst case and suitability for these cells is expected to be universally 

acceptable for all types of cells 

2. Chicken embryo culture was selected as a representation of primary cell cultures 

3. Measles, Rubella and Mumps viruses were attenuated viruses, therefore safe for 

handling 

4. The manufacturing processes of Measles, Mumps and Rubella vaccine are well 

established with fine control over all parameters on a large scale with consistent 

outputs over a long period. 

5. The testing methods of these viruses are well established, accurate and sensitive.  

6. This enables to find out any differences in the performance of various 

methodologies under evaluation 

7. As per the targeted global immunization/eradication programs, Measles and 

Rubella vaccines are required in substantial quantities for at least next few years. 
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Any positive outcome of the thesis work would be helpful to implement in 

commercial manufacturing process to minimize the risk of adventitious viruses.  

 

4. Aims & objectives of study:  

 

1. To design experiments for various methodologies of removal or inactivation of 

adventitious viruses (e.g. use of virus retention filters, exposure to ultraviolet 

light).  

2. To evaluate the efficiency of these methodologies for removal or inactivation of 

adventitious viruses by spiking the animal derived raw materials such as foetal 

bovine serum (FBS) and trypsin samples with model viruses.  

3. An important factor in evaluating various methodologies to is to retain the growth 

supporting characteristics of nutrient media. Therefore, the aim was also to assess 

the effect of these methodologies on nutritional qualities of media by cell 

suitability studies of pre and post treatment media.   

4. To use recombinant trypsin samples & non-animal origin serum-free media for 

growing cell cultures. To compare virus production capacities of cell grown using 

these reagents with those prepared by traditional methods i.e. using animal 

derived raw materials. 

5. To find out robust, reliable & consistent methodologies to avoid or minimize the 

risk of adventitious viruses entering through animal derived raw materials into the 

manufacturing of vaccines. An important factor in selection of appropriate 

methodology is capital and recurring cost of technology, availability of 

components and its impact on the production yield at large scale production to 

make it affordable.  

 

5. Outline of thesis: 

 

Chapter 2 gives a brief review of literature on all the topics closely related to and 

concerned with the thesis work. It includes a brief history of vaccines, the benefits 

achieved by use of vaccines towards eradication of various infectious diseases, further 

goals of controlling diseases, the necessity of tissue culture derived human vaccines 

across the globe, the need of use of animal derived raw materials, the risks of associated 
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adventitious agents, examples of such contaminants in biological products, regulatory 

recommendations for such raw materials and limitations in detection methods.  

 

Chapter 3 focuses on evaluation of ultraviolet-C irradiation for inactivation of 

selected model viruses. The use of this technology for liquids was recently developed and 

a limited data was available on its virus inactivation properties. The suitability of this 

method in manufacturing process was also evaluated by assessing the biological 

properties of trypsin & FBS. 

 

Chapter 4 describes suitability studies of gamma irradiated trypsin and FBS for 

their prospective use in vaccine manufacturing processes. Gamma irradiation is an age 

old established technology being widely accepted for sterilization purpose for many 

decades. However, having known some impact of gamma irradiation on proteins, it was 

essential to assess its suitability for propagation of selected cell cultures and production 

of viruses using these cells as a substrate.  

 

Chapter 5 deals with studies of virus retention filters. The efficiency of virus 

retention filters has been well established for a number of viruses. Besides virus retention 

efficiency, it was necessary to study other process parameters for assessing the 

usefulness of such filters in large scale vaccine manufacturing process.  

 

Chapter 6 focuses on use of recombinant trypsin as an alternative to conventional 

porcine trypsin in viral vaccine manufacturing process. Recombinant trypsin was 

evaluated for its suitability for propagation of selected cell cultures and production of 

viruses using these cells as a substrate. Being of synthetic origin, the use of recombinant 

trypsin can completely eliminate risk of adventitious agents in the final product. 

 

Chapter 7 gives information about attempts to evaluate use of serum free tissue 

culture media for propagation of human diploid cells.  

 

Chapter 8 summarizes the outcome of all the evaluation studies and 

appropriateness of these methodologies for their prospective use in the vaccine 

manufacturing process. It gives the extent of success in achieving the goals of this thesis 

and also suggests prospective future studies needed in this topic of research. 
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The ultimate aim of this exercise was to design a reproducible methodology 

which can become the part of viral vaccine manufacturing process at commercial scale, 

thereby minimizing or eliminating the risk of adventitious viruses in a major segment of 

vaccines in the global market.  
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1. History of vaccines: 

 

Vaccination is a very old, most promising and less expensive means for 

prevention of variety of infectious diseases caused by microorganisms [1,2]. Edward 

Jenner, the founder of vaccinology, first developed concept vaccination with vaccinia 

virus to prevent cowpox in 1796, rendering him immune to smallpox. First smallpox 

vaccine was developed in 1798 and later on, with systematic implementation of 

vaccination programs, the disease got globally eradicated in 1979.  The last detection of 

small pox was in Somalia in 1977. In 1980, WHO declared complete eradication of small 

pox. In later few decades, up to 1950, many vaccines such as cholera vaccine, anthrax 

vaccine in humans, plague vaccine, the Bacillis-Calmette-Guerin (BCG) vaccine, tetanus, 

diphtheria and pertussis vaccine were developed [2].  

 

The beginning of tissue culture for growing viruses occurred from 1950-1985 and 

then, led to the development of the Salk (inactivated) polio vaccine and the Sabin (live 

attenuated oral) polio vaccine. A systematic implementation of polio immunization 

programs could practically eradicate the disease globally (Figure-1). The incidences of 

major human diseases like smallpox, diphtheria, tetanus, yellow fever, whooping cough, 

polio and measles have been significantly reduced by using vaccines.  

 

 

Figure-2.1: Global scenario of Polio disease. 
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2. Measles, Mumps and Rubella vaccines: [3] 

 

Measles: 

 

Measles is a highly contagious disease mostly affecting humans. Although 

majority people with measles recover after completion of natural course of infection, 

vaccination is the best way to prevent this disease. In 1980, measles was responsible for 

2.6 million deaths per year and it is still a major disease of childhood deaths. In 2015, 

approximately 134 200 people, largely children below 5 years of age, died from measles 

in 2015 [4,5]. Systematic global implementation of Measles vaccination has reduced 

worldwide measles deaths between 2000 and 2015 by 79%. During 2000-2015, approx. 

20.3 million lives were saved due to measles vaccination [6]. In November 2010, WHO 

declared the strategy of eradication of Measles with the use of vaccination.  

 

Rubella: 

 

Rubella (German Measles) is a comparatively milder disease. In pregnant women 

Rubella infection can result in birth of babies with various defects or it can also cause 

miscarriage/stillbirth. Rubella incidences in US are now rare due to vaccination. Rubella 

infection can be best controlled by vaccination. Rubella component is a part of MMR 

vaccine, which also protects against measles and mumps. [2] 

 

Mumps: 

 

Mumps disease predominantly occurs in childhood, most commonly at the age of 

5 to 9 years. It is less contagious disease and there is also no specific treatment is 

available for mumps. First inactivated vaccine was successfully used in the 1940s and it 

was replaced by a live attenuated vaccine. It offers 95& protection with no adverse 

reactions associated with the vaccine. Mumps component is a part of MMR vaccine, 

which is now routinely given in many countries to all infants. As per CDC, global 

percentage of Measles, Mumps & Rubella infections have been significantly reduced 

with the use of vaccination [2]. The data of epidemiological survey made by CDC is 

given in Figure-2.2 to Figure-2.7 [7]. 
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Figure-2.2: Measles cases 

 

 

Figure-2.3: Measles deaths 
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Figure-2.4: Mumps cases 

 

 

Figure-2.5: Mumps deaths 
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Figure-2.6: Rubella cases 

 

 

Figure-2.7 Rubella deaths 

(Source: National Network for Immunization Information, "Measles, Mumps, Rubella 

(MMR),”immunizationinfo.org, Apr. 22, 2010; Updated on Mar 28, 2017) [8]. 

 

There are several global immunization / eradication vaccination programs undertaken by 

international agencies such as UNICEF, PAHO which obtain vaccines against the 

targeted diseases by various manufacturers. Measles, Rubella and Mumps vaccine have 
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been included as some of the major vaccines in such campaigns and millions of doses of 

these vaccines are expected to be required across the world for upcoming years. The 

manufacturing processes as well as testing methods of these viruses are well 

standardized. As such, it was prudent to select these vaccines for evaluation of various 

technologies to improve their safety with respect to unknown adventitious agents 

potentially entering into the product.  

 

3. Tissue culture derived human vaccines: [9] 

 

Before invention of tissue culture methods, viruses were being propagated by in-

vivo method with the use of various laboratory animals such as rabbits, mice, rats and 

such as chicken embryonated eggs.  The animal models have certain disadvantages that, 

they are difficult and expensive to maintain, also there is difficulty in choosing of 

animals for particular virus and they were not always safe and contained a whole range 

of nonspecific proteins. Embryonated hen’s eggs are still being used for some of the 

vaccines; however the disadvantages such as insufficient supply of eggs, insensitivity for 

many viruses, and varying choice of the site of inoculation with different viruses make 

this technology practically difficult as a widely accepted choice. In 1907, Ross Harrison 

first successfully prepared animal cell culture using frog’s embryonic nerve tissue. 

However, major developments in cell culture occurred in 1940s and 1950s, after which 

various cell cultures became scientific tools, even at large scale for manufacturing of 

biological products. In later period, various vaccines such as small pox, polio, rabies, 

measles, rubella, mumps, influenza, yellow fever were produced using tissue culture 

technology and successfully used in global vaccination campaigns. Today, advanced 

technologies such as recombinant products, fermentation of suspension cell cultures are 

being established for manufacturing of newer products. However, the tissue culture based 

vaccines still contribute a major share in the available vaccines manufactured by various 

technologies. Tissue cultures are relatively easy, cheaper and having broad spectrum 

sensitivity; however, majority of these processes use raw materials from animal origin in 

the manufacturing procedures. These raw materials pose a significant threat of 

inadvertently adding unwanted contaminants, often referred to as ‘Adventitious Agents’, 

to the apparently safe life-saving finished products.  
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4. Adventitious agents:  

 

WHO has defined adventitious agents as microorganisms that have been 

unintentionally introduced into the manufacturing process of biological products. The 

predominant adventitious agents in tissue culture based vaccines Include bacteria, fungi, 

yeasts, mycoplasmas, TSE agents, and viruses [10].  

 

4.1 Sources: 

 

The potential sources of adventitious agents in viral vaccines are cell substrates, 

seed virus stocks, animal derived raw materials such as foetal bovine serum, trypsin, 

gelatin, albumin, non-animal origin materials like amino acids, sugars, SPF eggs, etc. and 

contamination during handling of cells and media [10]. The cell banks have potential to 

vertically transmit latent viruses like herpes virus or endogenous retrovirus to next 

generations which can get expressed unexpectedly as an infectious virus  

 

4.2 Types: [11] 

 

Bacteria and fungi/molds are present everywhere and can very well in cell culture 

media. Typically bacteria are 0.5–5.0 µ in size. Because of their size and fast growth 

rates, these microbes are most commonly encountered cell culture contaminants. The 

propagation of cell cultures without any antibiotics can easily detect contamination by 

these microbes with signs such as change in pH, turbidity and destruction of cells. These 

microbes can be very well detected even with a very low quantum, by carrying out 

sterility testing using conventional media which are used to grow these organisms and all 

these organisms can be identified by robust methods such as staining, morphological & 

biochemical characters. This makes their detection very easy and reliable. Further, these 

organisms can be eliminated by heat inactivation (autoclaving) and /or by applying 

robust filtration technologies using bacteriological (0.2 micron) filters. As such, the risk 

of these adventitious agents into the product can be largely eliminated by employing such 

detection methods.  

 

Mycoplasmas are the Mollicutes class of bacteria. These are cell wall free 

organisms, typically about 0.1-0.5 microns in size and vary in form from round to 
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filamentous. Due to absence of cell wall, mycoplasma can squeeze to pass through 

bacteriological filters [12]. Majority of mycoplasma species are fastidious in nature and 

require nutritionally rich media for growth, although few species like Acholeplasma 

require limited nutrients and can even replicate in water [13]. Robinson & coworkers 

were first to detect Mycoplasma contamination in cell cultures in 1956 in HeLa cells. 

Mycoplasma can easily grow cell cultures attaining high densities in cell cultures. Such 

contaminations often occur without any signs like turbidity, change in pH or cytopathic 

effects. Animal derived products like sera and enzymes are major sources of 

Mycoplasmas, as they heat sensitive and cannot be sterilized by heat treatments like 

autoclaving. Conventional 0.2 micron bacteriological filters cannot completely remove 

mycoplasmas. However, use of a series of 0.1 micron filters can reliably eliminate the 

risk of mycoplasmas. Furthermore, mycoplasma contamination can be detected by 

carrying out testing of the process samples at various manufacturing stages using specific 

media and also by advanced methods such as PCR-ELISA test with a sensitivity of 

detecting mycoplasma to 1 cfu/ml. PDA Technical Report No.50 gives an excellent 

review and consideration for alternative methods for mycoplasma testing [14].  

 

Prion proteins exist in at least two forms, the normal or cellular version and the 

disease causing one. The disease causing prions have ability to change normal prions into 

more disease causing prions, which cannot be removed by the cell’s machinery and can 

result in fatal form of spongiform encephalopathy. This transmissible spongiform 

encephalopathy has been reported in deer, elk, cattle, sheep and goats. TSE has also been 

found in cats that ingested infected bovine material in a zoo setting (Feline SE). TSE in 

humans is found as an inherited disease (Fatal Familial Insomnia), as a spontaneous 

occurrence (Creutzfeldt-Jakob Disease (CJD)) or as an infectious disease via ingested 

infected bovine meat (vCJD). A second route of acquiring vCJD is through a blood 

transfusion from a vCJD infected donor [12]. 

 

Bovine spongiform encephalopathy (BSE) agents are associated with bovine sera, 

which are commonly used as a growth supplement for tissue cultures. BSE is a prion 

disease involving neurological disorders in adult cattle. These are difficult to detect by 

reliable testing methods. Since the process that inactivates prions is extreme 

(EMEA/410/01 Rev 2), the sourcing is a more practical approach for control. World 

Organization for Animal Health (OIE) conducts frequent surveillance of BSE cases 
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across the globe and declares a list of countries with a BSE risk category 

(www.oie.int/animal-health-in-the-world/bse-portal  ). The risk of these adventitious 

agents can be minimized by proper sourcing of such raw materials from selected 

geographical locations (e.g. Australia, New Zealand) by referring the OIE list [12]. 

 

Amongst all the types, the viruses are considered to be most risky adventitious 

agents. Viruses are obligate parasites at the genetic level, thus their replication is strictly 

dependent on the host’s biochemical machinery. Viruses unlike other adventitious agents 

must have a cell to replicate in. Viruses are structurally simple and are made up of a 

genome that can be either RNA or DNA, a few proteins and some have a lipid envelope 

acquired from the host. Viruses cannot be viewed by light microscopy and range in size 

from 200nm to 17nm [15]. Their common sources are cell banks, specific pathogen free 

eggs, seed viruses and other animal derived raw materials.  

 

4.3 Examples of product contaminations:  [15] 

 

The risk of introduction of viral adventitious agents in tissue culture based 

vaccines has been a major problem. For example, yellow fever vaccine was detected with 

hepatitis B virus introduced through human-derived excipient, polio and adeno virus 

vaccines were found to be contaminated with SV-40 virus arising from primary monkey 

kidney cells. Endogenous avian retrovirus in some egg derived vaccines, porcine 

circovirus in live attenuated Rotavirus vaccine due to porcine trypsin (Rotarix of GSK 

and Rotateq of Merck) are some more examples of adventitious agents in vaccines. At 

least ten virus families, originated from raw materials, were detected in CHO cells, which 

are used as a substrate for many biological products.  

 

To date, there are no cases of human disease after use of vaccines which are 

known to be attributable to such adventitious agents. However, such contaminants need 

to be considered as a potential risk and the safety of these products can very well be 

achieved with the help of extensive virus testing and validation of virus removal or 

inactivation methods.  
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4.4 Control: 

 

The control of adventitious agents starts with the raw material vendor and ends 

with the biopharmaceutical user. Some common raw materials include Bovine serum, 

recombinant proteins (e.g. insulin), peptones of various sources, salts, amino acids and 

sugars stores in large quantities (with a potential of contamination by rodents, insects 

during shipping & storage). There are three principal approaches to control the potential 

viral contamination of biotechnology products [16]:  

 

 Appropriate choice and testing of starting materials (cell banks and consumables, 

etc.) 

 Testing at intermediate steps of manufacturing process  

 Establish a validated virus inactivation and or removal steps into the production 

processes. 

 

Taking into consideration the past experience over the years, various international 

guidelines are getting more stringent from time to time regarding extensive 

characterization of cell banks and virus stocks prior to their use for production of 

vaccines. Such testing can minimize the risk of adventitious agents from cell banks and 

virus stocks. In case of cell banks, characterization of cell banks after growing them up to 

production stage further minimizes such risk. Testing of specific pathogen free eggs for 

all potential adventitious agents and monitoring of flocks for a series of generations 

ensures their safety with respect to adventitious agents including vertically transmitted 

viruses. Animal derived raw materials, being consumables, are having lot to lot variation 

with respect to the risk of adventitious viruses and are therefore considered to be major 

potential source of such contaminants.  

 

5. Global regulations for raw materials: 

 

Several methodologies have been suggested to detect & possibly eliminate the 

risk of such contaminants being present in the raw materials. Sourcing of the raw 

materials is an important part of regulatory documents. Appropriate sourcing can 

minimize risk of prions. Other potential contaminants such as mycoplasma, bacteria and 

molds/yeasts can be taken care by various treatments like heat, pH changes, filtration, 
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irradiations, etc.; however such methods need to be established by validation. A science 

based approach based on the characteristics of the adventitious agents is required to 

control contamination by viruses, bacteria, mycoplasma and molds/yeasts, prions. Global 

regulations, current publications and current PDA technical reports aid in the 

development of this approach [11]. Global regulations that give guidance on virus 

detection that can be applied to raw materials include the USDA 9 CFR 113.53 and 

113.47, ICH Q5A, EMA/ CHMP/BWP/398498/2005, CBER Guidance for Industry - 

Cell Substrates and Biomaterials and the Japanese Pharmacopeia 210 

[16,17,18,19,20,21].  

 

6. Trypsin & FBS:  

 

Trypsin and FBS are the two most essential animal derived raw materials for 

manufacturing of majority of the tissue culture based vaccines. Recent European 

regulatory agencies provide stringent guidelines for trypsin & FBS for minimizing risk of 

adventitious agents.  

 

Conventionally, porcine trypsin extracted from the pancreas of pigs is used. 

(Marcus-Sekura et al., 2011). There are many porcine viruses potentially infectious to 

human species, which can grow in Vero cells and/ or porcine cells. The guidelines 

suggest use of two different cell lines to cover up such viruses.  Besides testing of 

trypsin, it is also suggested to have virus inactivation/removal  steps in the manufacturing 

process. It is also recommended to explore possibilities of using animal component free 

reagents in cell cultures such as recombinant, bacterial or plant-derived trypsin, which 

can completely eliminate the risk of adventitious agents [22].  

 

Foetal bovine serum is originated from healthy cattle certified to be suitable for 

human consumption. FBS is considered as the most common potential source of 

adventitious agents. The Office International des Epizooties (OIE) code, which defines 

the status of country, needs to be followed for sourcing of FBS. The testing for 

adventitious viruses need to be done after 0.1 micron filtration, but before any steps of 

inactivation or removal of viruses. Current regulatory guidelines recommend testing of 

FBS as per 9CFR testing procedures, which includes testing of most probable 

contaminants of FBS. BVDV is a very ubiquitous infection of cattle and the sera almost 
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invariably show some antibody level indicative of past infection. In recent years, EMA 

has also considered bovine polyoma virus as one of the new contaminants. However, due 

to lack of reliable testing methods, EMA does not make it mandatory to test, but it warns 

serum manufacturers to be alert of this concern. In order to minimize risks associated 

with FBS, it is strongly recommended to introduce validated methods of virus 

inactivation and / or removal use in the process. Gamma irradiation is one of the 

recommended method this purpose [23,24]. 
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1. Introduction: 

 

It is highly desirable to eliminate the potential contaminating adventitious agents 

from the biopharmaceutical products derived from cell culture based processes 

employing animal originated materials [1]. Adventitious agents can enter at any step in 

the biological processes employing tissue cultures propagated using FBS and trypsin [2]. 

Bovine Viral Diarrhea virus (BVDV) is a very ubiquitous infection of cattle and the sera 

almost invariably show some antibody level indicative of past infection [3,4,5,6,7]. The 

use of trypsin has been found to pose a risk of contamination with parvoviruses and 

circoviruses. Viral contamination of biopharmaceutical manufacturing, especially human 

medicinal products such as vaccines, has led to the requirements by regulatory authorities 

for manufacturers to develop risk mitigation strategies [8,9,10,11,12].  

 

It is widely acknowledged that testing alone is not sufficient to assure safety from 

any adventitious agent contamination and additional measures are always recommended. 

In order to minimize the risk of adventitious viruses, the European guidelines strongly 

suggest use of FBS irradiated with ionizing radiations [13]. For this purpose, a short 

wavelength Ultraviolet light (UV-C) irradiation looks an attractive option to treat cell 

culture media to inactivate any potential viruses and to substantially reduce risks of viral 

contamination [14,15,16,17,18,19,20,21,22,23]. UV-C irradiation is proved to be lethal 

to small non-enveloped viruses also [15,16]. The inactivation properties of UV-C are 

well known since 1940s [19]. Significant log reductions have been reported for viruses 

(4-8 logs) and various mycoplasma species (>7 logs) upon UV-C treatment of virus or 

mycoplasma spiked in fetal calf serum [18]. UV-C treatment is commonly used in the 

water treatment industry [20,21], however for the biotech and vaccine industries, UV-C 

media inactivation can be particularly attractive [22,23].  

 

Historically the use of UV-C was limited to medical sanitation and sterile work 

facilities. In recent years, due to advancements in technologies, the use of UV-C has been 

made possible for inactivation of microorganisms in liquids also. Recently, a specially 

designed UV-C irradiation system was developed which can enable use of UV-C 

irradiation with a defined consistent dose size with reliable microbial inactivation 

properties. A bench scale model of such UV-C irradiation system was evaluated for 

https://en.wikipedia.org/wiki/Medical_sanitation
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inactivation of various viruses spiked in FBS, being an essential raw material for tissue 

culture based vaccines.   

 

1.1 Background of UV-C irradiation: 

 

Ultraviolet light can be separated into 3 categories namely A, B and C based on 

the wavelength. Ultraviolet-C light with a shorter wavelength, typically in the 254 

nanometer (nm) regions, is considered as "germicidal UV". Such nucleic acid damages 

made by exposure to UV-C are irreversible due to lack of repair mechanisms leaving the 

organisms unable to perform vital cellular functions. [24,25]. The lethality of UV-C 

depends on many factors such as exposure time of organisms, the intensity and 

wavelength of the UV radiation, the presence of particles in liquids and organism’s 

resistance to UV radiation. In 1878, Arthur Downes and Thomas P. Blunt described 

sterilization of bacteria using short-wavelength light [3]. Besides inactivation properties, 

UV irradiation is also known to affect structure of trypsin. UV light destroys tyrosine, 

tryptophan and cystine in amino acids mixture, whereas in trypsin it destroys only cystine 

with ten times the initial strength [26]. 

 

Nowadays, the technique of UV-C based inactivation is finding more and more 

applications because of advancement in the reactor based treatment technology. De 

Souza et al (2015) studied the effect of UV-C on nutritional properties of egg products 

[27]. Thiele et al (2015) have performed phase-I clinical trials on usage of UV-C treated 

platelet concentrates [28]. Umar et al (2015) have stated the use of UV-C based systems 

during the process steps of municipal waste water treatment [29]. Stangl et al (2015) 

have reported an advanced water disinfection system based on UV-C and ultrasound 

irradiation [30]. Muller et al (2011) have reported use of UV-C Dean Vortices to 

inactivate microorganisms in juices [31].  

 

Initially, due to poor penetration properties, UV-C irradiation was not used for 

treating liquids. However, the research has improved these properties with the 

development of continuous flow UV-C reactors having liquid flow path through spiral 

tube [32,33].  
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Typically the life of UV lamp is 10-12 month, after which lamp needs to be 

replaced. The magnitude of UV-C dose is calculated from mean intensity (watts per 

square centimeter) and mean hold time of liquid in the spiral tube path and is expressed 

as J/cm2 (Joules per square centimeter). The effectiveness of UV-C dose depends on 

several factors such as sensitivity of micro-organisms, colour and turbidity of liquids.  

 

1.2 Selection of the process: 

 

There are limited studies on UV-C inactivation of viruses in liquid medium. The 

extent of inactivation also varies with the composition of medium e.g. liquids with high 

protein or solid content, tend to reduce the efficiency of UV-C irradiation. As such, it 

was necessary to evaluate UV-C virus inactivation properties when present in FBS, 

which is routinely used in the manufacturing of biological products. Similarly, having 

known the effect of UV irradiation on proteins, its impact on biological properties of 

trypsin and FBS was also assessed. The aim of study was to evaluate laboratory scale 

equipment for development of a higher scale machine for use in large scale commercial 

vaccine manufacturing process. 

 

 

Figure-3.1 Scalability of UV-C irradiation system (Courtesy: Sartorius-Stedim) 
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2. Materials and Methods: 

 

2.1 Materials: 

 

UVivatec system (Sartorius-Stedim) 

Media Components:  

 FBS  

 Cell medium (MEM, Hank’s salts supplemented with 10% FBS) 

 Trypsin (Pangaea) 

Viruses 

 Measles Edmonston-Zagreb virus strain 

 Mumps L-Zagreb virus strain 

 Rubella RA-27/3 virus strain 

 Influenza A/17/California virus strain 

 Poliomyelitis Pol 14211, Type I virus strain 

 Simian virus type 40 (SV40):  ATCC VR-305 strain  

 Porcine parvovirus (PPV): ATCC VR-742 strain 

 Reovirus 3 (Reo 3): ATCC VR-232 strain 

 Bovine viral diarrhea virus (BVDV):  ATCC VR-1422 strain 

Cell substrates  

 Human Diploid (MRC-5) Cells 

 VERO cells  

 RK-13 cells  

 Hep-2 cells  

 MDBK cells  

 HEK 293 

 ST cells 

 Embryonated Chicken Eggs  

 

2.2 UV-C irradiation system and selection of dose sizes: 

 

We obtained a proprietary machine for precise ultraviolet (UV-C) dosing, from 

the manufacturer along with necessary software for operation of machine. The software 



Chapter-3  

 

28 

 

of system calculates the UV-C dose using the values of intensity of UV-C light and flow 

rate of liquid through the system. It also takes values of absorbance of the liquid at 254 

nm wavelength for calculation of dose. The available UV intensity range for the machine 

was 7 to 20 mA, while the available flow rate range was 6 to 20 L/hr. Table-3.1 provides 

available dose range obtained through the software of machine based on the absorbance 

of liquids. A lowest UV-C light intensity and highest flow rate gives lowest dose size, 

while a highest UV-C light intensity and lowest flow rate gives highest dose size. 

 

Table-3.1: Available UV-C dose range of Lab-scale UVivatec system  

Reagent 

Absorption 

coefficient at 

254 nm 

Dose 

size 

UV signal 

(7-20 mA) 

Flow rate 

(LPH) 

Derived dose 

size (J/m2) 

FBS 5 
Min 7 20 45 

Max 20 6 803 

Cell Medium 2.02 
Min 7 20 127 

Max 20 6 2260 

Trypsin 1.05 
Min 7 20 206 

Max 20 6 3656 

 

2.3 Phase-1 studies: 

 

For Phase-1 virus inactivation studies, to cover up a wide dose range, we decided 

to use 100 and 700 J/m
2
 doses for viruses spiked in FBS and 300 and 2000 J/m

2
 doses for 

viruses spiked in cell medium. Trypsin, being dissolved in simple salt solution, was not 

used for spiking of viruses during UV-C inactivation studies, as FBS & cell medium with 

more complex composition were considered to offer more protection to viruses during 

UV-C exposure.  

 

Initially, for preliminary evaluation, we selected five live attenuated virus strains 

viz. Measles, Mumps, Rubella, Influenza and Polio viruses, as per their safety in 

handling, easy availability and established accurate, validated testing methodologies. 

Table-3.2 shows diversified physico-chemical characteristics of the selected viruses. We 

spiked high titre viruses in FBS as well as cell medium and carried out UV-C 
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inactivation experiments at ambient temperature. As per the desired dose size, all the 

necessary values such as absorption coefficient, flow rate and lamp power / intensity 

were fed into the Uvivatec system software along with the volume to be processed. Initial 

stabilization of the system was done with water and phosphate buffered saline (PBS), 

during each irradiation cycle. Siphon bottle containing FBS or cell medium samples 

spiked with virus to be UV-C irradiated, was connected at the inlet port of the system and 

post treatment medium was collected in a separate container connected at the outlet port. 

All the irradiation runs were performed in duplicate. The samples of pre and post 

treatment were collected and stored at -60 C till tested.  

 

Table-3.2: Salient features of viruses used for Phase-1 study 

Virus Family Shape Envelop Genome 
Size 

(nm) 

Measles Paramyxoviridae Spherical Yes SS-RNA 100-200 

Mumps Paramyxoviridae Pleomorphic Yes SS-RNA 120-450 

Rubella Togaviridae Oval Yes SS-RNA 60-70 

Influenza Orthomyxoviridae Spherical Yes SS-RNA 80-120 

Polio Picornaviridae Icosahedral No SS-RNA 27-30 

 

2.4 Phase-2 studies: 

 

The choice of viruses used for this study was done taking into account the 

emerging viruses with increased risks, varied resistance to harsh treatments, size of the 

virus and / or the potential adventitious virus in the source. Accordingly, Simian virus 

type 40 (SV40), Porcine Parvo Virus (PPV), Reovirus type 3 and Bovine Viral Diarrhoea 

Virus (BVDV) were selected for this study. Table-3 provides details of the selected 

viruses.  

 

In Phase-2 study, as per the risk of handling these viruses, a GMP UVivatec 

bench-top model system was used for inactivation of spiked viruses. Spiking of viruses 

was done in cell medium supplemented with FBS. Based on the results of Phase-1 study 

and desirable output (100-150 LPH) of UV-C irradiation process for a commercial 
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manufacturing scale, we decided to use a fixed dose of UV-C dose of 500 J/m
2
. All runs 

were done in duplicate for consistency of results.  

 

Trypsin solution was not used for spiking of viruses during UV-C inactivation 

studies, as trypsin solution is prepared in a salt solution and FBS as well as cell medium 

with more complex composition were assumed to offer more protection to viruses from 

effect UV-C exposure.   

 

Table-3.3: Salient features of viruses used for Phase-2 study 

Virus Family Shape Envelop Genome Size (nm) 

SV40 Papoviridae Icosahedral No ds-DNA 40-50 

PPV Parvoviridae Icosahedral No ss-DNA 18-24 

REO-3 Reoviridae Spherical No ds-RNA 60-80 

BVDV Flaviviridae Spherical Yes ss-RNA 60-70 

 

Virus Host 

Resistance to 

physico-chemical 

treatment 

Representativeness 

SV40 
Simian/ 

Mammalian 
Very high 

Model virus for human polyoma and 

for human Hepatitis B virus 

PPV Porcine Very high 

Model virus for human B19 

parvovirus; Relevant virus for 

canine/porcine derived products 

REO-3 
Human/ 

Mammalian 
Medium Relevant human virus 

BVDV 
Bovine/ 

Mammalian 
Low 

Model virus for human Hepatitis C 

virus (HCV) 

 

2.5 Disinfection methods: 

 

Between each UV-C irradiation runs of different viruses, the module was 

disinfected by pumping 2.0 L of 1N NaOH at the flow rate of 20 LPH followed by re-
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circulating 0.5 L of 1N NaOH solution for 15-20 minutes at the same speed. The system 

was drained off completely thereafter. It was then rinsed with sterilized WFI bulk till 

conductivity of the rinsate collected from the outlet port was less than 1.1 μS / cm. For 

short term non-usage of the system, the module was filled with 0.1 N NaOH whereas for 

long term storage, the module was stored in 20% ethanol.  

 

2.6 Testing methods: 

 

All virus samples before and after UV-C inactivation process were kept frozen 

below –60
o
C till tested. Established methods of Cell culture infectivity dose (CCID50) in 

tissue cultures using 96 well plates were used for titration of all virus samples. Vero cells 

were used for titration of Measles, Mumps and SV-40 virus; while RK-13, Hep-2C, ST, 

HEK 293 & MDCK cells were used for titration of Rubella, Polio, PPV, Reovirus and 

BVDV viruses respectively. For Influenza virus, egg infectivity dose (EID50) assay was 

used using 10-day old embryonated hen’s eggs. Appropriate cell culture controls and 

reference virus preparation were run in every assay. Suitable dilutions of virus were 

made, based on the expected virus titre, to cover the end point dilution of virus. The 

numbers of positive wells were marked by microscopically observing virus-specific 

cytopathic effect. Virus titres were calculated by Spearman-Karber formula. For 

influenza titrations, confirmation of positive eggs was done using haemagglutination of 

allantoic fluids of inoculated eggs. All the samples were tested in duplicate and the final 

titer was reported as an average of four. 

 

2.7 Cell culture suitability of UV-C treated media: 

 

UV-C irradiation treatment at specific radiation wavelength of 254 nm, is 

specifically known to damage the nucleic acids. In order to study the effect of dose size 

on biological properties, UV-C irradiation dose sizes of 100, 300, 500 and 700 J/m
2 

were 

used for or FBS; while 300, 500, 1000 and 2000 J/m
2 

were used for cell medium. This 

dose range was selected to cover the entire available operating range of the equipment for 

both types of liquids. For trypsin, expecting a minimal impact on its activity, a higher 

dose size of 2000 J/m
2
 dose size was used. All the UV-C inactivation experiments were 

performed at ambient temperature.  
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All the post UV-C irradiation of FBS, cell medium and trypsin at various dose 

sizes were assessed for propagation of one of the most fastidious human diploid (MRC-

5) cells for five consecutive passages using 175 cm
2
 tissue culture flaks. All the cultures 

were incubated at 36
o
C for 4 days between two successive passages. Suitability was 

evaluated by comparing the cell morphology, monolayer confluence and cell counts 

obtained at every passage. Non-irradiated FBS, cell medium and trypsin were used as a 

control.  

 

2.8 Statistical analysis: 

 

The results of cell suitability experiments were analyzed by one-way ANOVA 

test and Paired t-test at 95% confidence interval. 

 

3. Results: 

 

3.1 UV inactivation of viruses 

 

In phase-1 study, five live attenuated virus strains were spiked in FBS as well as 

cell medium and irradiated with 100 and 700 J/m
2
 dose sizes and 300 and 2000 J/m

2
 dose 

sizes were used for cell medium.  The samples before and after irradiation were titrated 

for virus content. All the virus titres were determined by respective standard assays and 

the titres were expressed as log10CCID50/0.5ml. The values of LRV were calculated as a 

difference between virus titers of pre & post UV-C inactivation experiments. Wherever 

post-treatment samples virus titers were below detectable limits of titration method, a 

minimum LRV was assumed. Table-3.4 and Table-3.5 show results of Pre and Post UV-

C irradiation titres of viruses spiked in FBS and cell medium respectively. Figure-3.2 (A) 

and (B) show comparison of log reduction values of different viruses spiked in FBS and 

cell medium. 
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Table-3.4 UV-C inactivation of viruses spiked in FBS (Phase-1) 

Virus 
UV-C dose 

(J/m
2
) 

Pre-treatment 

titer 

Post-treatment 

titer 

Log reduction 

value obtained 

Measles 

100 5.013 < 1.2 > 3.813 

100 4.669 < 1.2 > 3.469 

700 5.013 < 1.2 > 3.813 

700 4.669 < 1.2 > 3.469 

Mumps 

100 6.075 1.45 4.625 

100 5.45 1.45 4 

700 6.075 1.7 4.375 

700 5.45 < 1.2 > 4.25 

Rubella 

100 4.575 1.763 2.812 

100 4.7 < 1.2 > 3.5 

700 4.575 1.388 3.187 

700 4.7 < 1.2 > 3.5 

Influenza 

100 7.5 4.39 3.11 

100 7.5 3.56 3.94 

700 7.5 3.6 3.9 

700 7.5 3.62 3.88 

Polio 

100 7.4 4.7 2.7 

100 7.4 3.95 3.5 

700 7.4 3.2 4.2 

700 7.4 3.4 4 

Wherever post-treatment samples virus titers were below detectable limits of titration 

method, a minimum LRV was assumed. 
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Table-3.5 UV-C inactivation of viruses spiked in cell medium (Phase-1) 

 

Virus 
UV-C dose 

(J/m
2
) 

Pre-treatment 

titer 

Post-treatment 

titer 

Log reduction 

value obtained 

Measles 

300 5.013 < 1.2 > 3.813 

300 4.669 < 1.2 > 3.469 

2000 5.013 < 1.2 > 3.813 

2000 4.669 1.325 3.344 

Mumps 

300 6.169 < 1.2 > 4.969 

300 5.669 < 1.2 > 4.469 

2000 6.169 1.325 4.844 

2000 5.669 < 1.2 > 4.469 

Rubella 

300 4.575 < 1.2 > 3.375 

300 4.95 < 1.2 > 3.75 

2000 4.575 < 1.2 > 3.375 

2000 4.95 < 1.2 > 3.75 

Influenza 

300 7.5 < 1.2 >6.3 

300 7.5 < 1.2 >6.3 

2000 7.5 < 1.2 >6.3 

2000 7.5 < 1.2 >6.3 

Polio 

300 7.4 3.45 3.95 

300 7.35 3.2 4.15 

2000 7.4 1.9 5.5 

2000 7.35 1.5 5.85 

Wherever post-treatment samples virus titers were below detectable limits of titration 

method, a minimum LRV was assumed. 

 

Measles and Mumps viruses, which were among the larger in size and enveloped 

viruses with single stranded RNA, exhibited 3.5-4.5 LRV in FBS and cell medium. In 

case of Polio, an icosahedral, non-enveloped, smallest amongst all live viruses tested, 

LRV was increased from 3 to 4 logs with increase in dose size from 100 to 700 J/m
2
 for 

virus spiked in FBS; while the virus spiked in cell medium showed an increase from 4 to 

5.6 LRV with increase in dose from 300 to 2000 J/m
2
. In general, the inactivation of 
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polio virus spiked in cell medium was observed to be 1-1.5 log more than the virus 

spiked in FBS. Influenza virus, an enveloped virus, showed about 3.5-4 LRV when 

spiked in FBS; while the virus spiked in cell medium showed more than 6 LRV. Rubella 

virus, a small size enveloped virus, showed slightly lower LRV of around 3-3.5 in both 

FBS and cell medium. In general, viruses spiked in cell medium were more sensitive to 

UV-C inactivation and showed higher LRVs compared to viruses spiked in FBS. 

 

In phase-2 study, four viruses namely SV-40, PPV, Reo-3 and BVDV, spiked in 

cell medium were used for inactivation experiments with a fixed UV dose of 500 J/m
2
. 

PPV and BVDV showed more than 6 LRV. Reo 3 virus showed around 4 LRV; while the 

inactivation could not be claimed to be effective in the reduction of SV40, which showed 

hardly 1 LRV at a high concentration of 10 log CCID50/0.5ml. Table-3.6 show results of 

Pre and Post UV-C irradiation titres of viruses spiked in cell medium in Phase-2 studies. 

Figure-3.2 (C) shows comparative data on UV inactivation of these viruses. 

 

Table-3.6 UV-C inactivation of viruses spiked in cell medium (Phase-2) 

Virus 
UV-C dose 

(J/m
2
) 

Pre-treatment 

titer 

Post-treatment 

titer 

Log reduction 

value obtained 

SV-40 
500 9.925 8.673 1.252 

500 9.962 8.828 1.134 

PPV 
500 8.417 < 2.217 > 6.199 

500 8.524 2.265 6.259 

Reovirus 
500 9.140 5.504 3.636 

500 9.410 5.236 4.174 

BVDV 
500 8.809 < 2.551 > 6.257 

500 8.993 < 2.556 > 6.437 

(Courtesy: Texcell, France)  

Wherever post-treatment samples virus titers were below detectable limits of titration 

method, a minimum LRV was assumed. 
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c) (Courtesy: Texcell, France)  

 

Figure-3.2: UV-C inactivation of viruses.  

High titre Measles, Mumps, Rubella, Influenza and Polio viruses were spiked 

individually in FBS (a) and cell medium (b). The spiked FBS samples were irradiated in 

duplicate with 100 J/cm2 and 700 J/cm2 UV dose; while the spiked cell medium s 

amples were irradiated in duplicate with 300 J/cm2 and 2000 J/cm2 UV dose. High titre 

SV-40, PPV, Reo-3 and BVDV were spiked individually in cell medium and irradiated in 

duplicate with 500 J/cm2 UV dose (c). The samples before and after UV irradiation of all 

experiments were titrated using standard methods and the log reduction values (LRV) i.e. 

difference in both titres were plotted against dose sizes.  

 

3.2 Cell suitability studies of UV-C irradiated FBS, cell medium and trypsin 

 

For cell suitability studies, we carried out five sequential passages of human 

diploid (MRC-5) cells using media supplemented with FBS treated with 100, 300, 500 

and 700 J/m
2
 UV-C dose sizes as well as using cell medium treated with 300, 500, 1000 

and 2000 J/m
2
 UV-C dose sizes. A similar study was also done using trypsin treated with 

2000 J/m
2
 UV-C dose sizes. Table-3.7, Table-3.8 and Table-3.9 show cell counts of cell 

suitability studies for FBS, cell medium and trypsin samples respectively irradiated with 

various UV-C dose sizes. All cell counts are expressed in Millions. Figure-3.3 a), b) and 

c) show comparison of cell counts in all the cell suitability experiments. The cell counts 

of all FBS, cell medium samples irradiated with various dose sizes were found 

comparable thereby indicating no impact of UV irradiation on growth supporting abilities 
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of media. The counts of cells passaged using irradiated trypsin were also found 

comparable with those of non-irradiated trpsin. A slight decrease in cell counts from 24 

to 20-21 million cells per TCF over five sequential passages was observed for all the 

experiments including non-irradiated control samples. This was attributable to the 

increasing population doubling level of cells. Figure-2 shows comparative data on cell 

suitability studies.  

 

Table -3.7 Cell suitability of UV-C irradiated FBS 

Passage No. Control 100 300 500 700 

0 24 24 24 24 24 

1 26 22 23 28 26 

2 28 24 26 30 28 

3 28 28 28 29 30 

4 20 22 21 22 22 

5 22 24 22 22 22 

 

Table -3.8 Cell suitability of UV-C irradiated cell medium 

Passage no. Control 300 500 1000 2000 

0 24 24 24 24 24 

1 26 26 23 27 27 

2 28 26 24 25 26 

3 28 27 25 26 24 

4 20 20 21 22 21 

5 22 22 21 24 24 

 

Table-3.9 Cell suitability of UV-C irradiated trypsin 

Passage No. Control Run-1 Run-2 Average 

0 24 24 24 24 

1 26 27 25 26 

2 25 25 27 26 

3 24 25 24 25 

4 20 22 22 22 

5 22 22 21 22 
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c) 

 

Figure-3.3: Cell suitability studies.  

Cell suitability of FBS samples irradiated with 100, 300, 500 and 700 J/cm2 UV dose 

sizes (a), cell medium samples irradiated with 300, 500, 1000 and 2000 J/cm2 UV dose 

sizes (b) and trypsin samples irradiated with a fixed 2000 J/cm2 UV dose size in 

duplicate (c), was carried out using human diploid (MRC-5) cells. Serial propagation of 

MRC-5 cells was carried out using 175 cm
2
 TCF for five successive passages. The cell 

counts of flasks incubated at 36ºC trypsinized after 4-days after every passage were 

taken. Comparative cell counts, in millions, of all the samples, were plotted for five 

consecutive passages. The legends of (a) and (b) represent various dose sizes of FBS and 

cell medium respectively, while the legends of (c) represent individual experimental runs 

and their average  values. ‘Control’ represents non-irradiated samples of each category.  

 

3.3 Statistical analysis:  

 

The statistical analysis of results of cell suitability experiments by one-way 

ANOVA test and Paired t-test showed that the differences between the values of all 

experiments were statistically insignificant at 95% confidence interval, thereby showing 

that the results of UV-C irradiated FBS, cell medium and trypsin are comparable with 

those of non-irradiated controls.  
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4. Discussion:  

 

The safety status of the live attenuated viral vaccines with respect to adventitious 

viruses can be maintained only by making the process more robust to viral inactivation 

and clearance. The potentially vulnerable process steps with risk of adventitious agents 

must be dealt with integration of sophisticated and validated procedures such as use of 

ultraviolet light (UV-C) irradiation for inactivation of viruses. The concern of damages to 

useful proteins in the treated fluids has also been overcome by using a very narrow 

spectrum of UV-C wavelength for the purpose, which specifically affects the nucleic 

acids. The unique design features of the Uvivatec system allows the medium to be 

exposed to UV-C irradiation for shorter residence times. It also ensures thorough 

exposure of particulates in the flowing medium because of the turbulent flow together 

with Dean Vortices. 

 

The log reduction values obtained for different viruses spiked in FBS and CM 

demonstrate the effectiveness of the UVivatec system for inactivation of the majority of 

the selected viruses. The results are quite corroborating with earlier studies on a similar 

system in Korea [30]. The present study also provides proof that the selected UV-C dose 

range does not significantly affect the growth promotion properties of the cell culture 

media as tested on one of the most fastidious human diploid (MRC-5) cells. 

 

The most useful features UVivatec systems are the ease of its operation in the 

laboratory and scalability to a desired output. Therefore, use of UV-C irradiation system 

looks a promising approach to minimize the risk of adventitious agent from FBS and 

trypsin. However, its inactivation efficiency and consistent performance needs to be 

confirmed by repeating similar studies on a process scale system. 

 

5. Conclusion: 

 

We demonstrated that, Uvivatec system can be successfully used for effective 

UV-C irradiation of liquids with accurate dose size and effective virus inactivation with 

around 4 log reduction of majority of the viruses with diverse physico-chemical 

characteristics. Although SV-40 virus was found to be quite resistant to inactivation by 

UV-C irradiation, assuming a low quantum of such inadvertent contaminants, this system 
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can be still considered for use to mitigate the risk to large extent. We also confirmed that, 

there was no significant impact on biological properties of FBS as well as trypsin and the 

UV-C treated media showed comparable growth promoting ability for propagation of 

human diploid (MRC-5) cells with that of non UV-C treated media.  

 

With the ease of operation, well controlled method, moderate operational cost, 

effective virus inactivation efficiency and no notable impact on growth promoting 

properties of tissue culture media, the UVivatec ultraviolet irradiation system proves to 

be a promising approach for risk mitigation of potential adventitious agents arising 

through animal derived raw materials such as FBS and trypsin.   
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1. Introduction: 

FBS is the most widely used nutritional supplement of basal media supplement 

used for cell cultures and is considered as the most common potential source of 

adventitious agents into the cell culture products [1]. FBS contains very low level of 

antibodies and high concentration of growth factors such as hormones, attachment factors 

and transport proteins. FBS effectively promotes and sustains the growth of cells at low 

densities [2]. FBS is originated from healthy cattle certified to be suitable for human 

consumption.  Serum lot from the manufacturer is a mixture of sera derived from various 

animals. Being an animal origin material FBS has an inherent risk of being contaminated 

with transmissible adventitious agents [3,4,5]. 

  

Most regulatory authorities recommend the use of animal derived materials only 

when their use can be justified because there is no viable alternative [5,6,7]. In such 

cases, serum needs to be certified after testing for adventitious agents. Virus testing is 

typically performed in accordance with USA (9 CFR) [8], USP [9], EMA [10], Ph. Eur. 

[10] and WHO [7] testing requirements. However, the testing methods have their own 

limitations and sometimes the contaminating adventitious agent may escape detection. 

There are many more other Bovine origin viral contaminants of FBS with different 

families which can infect humans [11]. 

 

BVDV is a very ubiquitous infection of cattle and the sera almost invariably show 

some antibody level indicative of past infection [11,12,13,14]. Isolates of the BVDV are 

diverse genetically and antigenically i.e. cytopathogenic and non-cytopathogenic forms 

and can therefore escape through serological detection methods [15,16,17]. A study 

performed by group of researchers for the establishment of cell culture for Hepatitis C 

virus, they found all the seven FBS batches tested positive for BVDV with relatively 

high titers [18]. There are many such reported evidences which showed that BVDV is a 

major contaminant of FBS that affects biological manufacturing processes [19,20,21,22]. 

Bovine Polyoma Virus (BPyV) is also a frequent contaminant of commercial batches of 

FBS and it can lead to cell transformation and tumorigenesis [23]. The infectious BPyV 

was detected in primate cultures through the use of FBS [24,25]. The recently emerging 

atypical bovine pestivirus was also found in commercial FBS as well as in human viral 

vaccines [26,27,28].  
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The outcome of all above evidences is that some batches of serum but may 

contain infectious viruses beyond detection methods, for this the efficacy of viral 

inactivation steps should be taken into consideration [29]. In order to minimize risks 

associated with FBS, it is strongly recommended to introduce validated methods of virus 

inactivation and / or removal use in the process [30]. For this risk mitigation, gamma 

irradiation of FBS is a widely accepted method [5].  

 

A radioisotope Cobalt-60 is the source of gamma irradiation. The irradiation 

process needs specially designed cell, it has a high penetrating power through sealed, 

palletized packaged products and is ideal for many types of materials. The irradiation 

dose is measured in kiloGray or kGy.  Use of gamma irradiation has been a proven, safe, 

reliable and effective technology for sterilization of single use disposable medical 

devices since 1960s. Due to high penetration power, it can be successfully used for 

containers sealed in their final packaging, whilst still ensuring full sterility of the product. 

The delivery of required doze can be confirmed accurately by dosimeters. As FBS can be 

contaminated by adventitious viruses, gamma irradiation, in addition to virus testing, is 

most recommended method to minimize the risk of contaminants in biological products 

[31,32,33]. An advantage of using gamma irradiation method is that it may be performed 

on serum in the original product containers. It can also be typically performed at low 

temperatures, thereby keeping the serum quality and performance unaffected [31,32]. 

Gamma irradiation inactivates live organisms by attacking their nucleic acids and 

causing irreversible damages [30,31,32]. Gamma irradiation of serum can be performed 

in frozen conditions which also protects proteins from damage. Table-4.1 shows 

efficiency of gamma irradiation for inactivation of few representative viruses. 
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Table-4.1 Virus inactivation by gamma irradiation.  It shows effect of increasing doses of 

gamma radiation on the titer of representative model viruses spiked into FBS (average of 

3 lots) (Plasvic et al., 1999) 

Radiation 

Dose (kGy) 

Bovine 

reovirus 

Porcine 

parvovirus 

Canine 

adenovirus 

Infectious 

bovine 

rhinotracheitis 

Bovine 

viral 

diarrhea 

virus 

Control 9.8 × 10
7
 9.2 × 10

7
 9.3 × 10

8
 1.3 × 10

8
 2.8 × 10

7
 

15 3.9 × 10
6
 1.4 × 10

7
 5.66 × 10

6
 5.0 × 10

7
 3.3 × 10

6
 

20 6.1 × 10
4
 2.8 × 10

5
 2.86 × 10

4
 2.9 × 10

5
 2.2 × 10

5
 

25 7 × 10
0
 ≤0.5 7.42 × 10

2
 2.3 × 10

0
 1 × 10

0
 

35 ≤0.5 ≤0.5 ≤0.5 ≤0.5 ≤0.5 

40 ≤0.5 ≤0.5 ≤0.5 ≤0.5 ≤0.5 

Reduction 

factor 
≥6.78 ≥7.09 ≥7.13 ≥6.78 ≥6.78 

 

1.1 Selection of the process: 

 

The radiation doses that have been evaluated in previous studies performed by 

various researchers were conducted at a range of irradiation doses of 25-45 kGy. 

However, due to probable impact of gamma irradiation on proteins, its use was very 

limited for commercial vaccine manufacturing. In order to get better virus inactivation 

efficacy, it was decided to use FBS irradiated at 50 kGy dose to evaluate suitability for 

the growth of cell cultures and production of selected viruses using above cells as a 

substrate. Along with FBS, trypsin being one of the essential raw materials required for 

cell cultures was also selected for evaluations studies. Trypsin irradiated with a 

conventional, well accepted, gamma irradiation dose of 25-45 kGy was decided for this 

purpose.  

 

For cell culture suitability, one of the most fastidious human diploid (MRC-5) 

cells, as a representation of different types of established cell types and a primary 

chicken embryo culture was selected. For virus culture suitability, Measles, and Rubella 
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viruses were selected as the results considering huge requirements of these vaccines as 

per today’s global immunization plans and Mumps virus was selected as a representation 

of primary cultures used for vaccine production. 

 

2 Materials and Methods:  

 

2.1 Materials: 

 

Media Components:  

 FBS (Non-Gamma irradiated) 

 FBS (Gamma irradiated) 

 Cell medium (MEM, Hank’s salts supplemented with 10% FBS) 

 Trypsin (Pangaea) 

Viruses 

 Measles Edmonston-Zagreb virus strain 

 Mumps L-Zagreb virus strain 

 Rubella RA-27/3 virus strain 

Cells  

 Human Diploid (MRC-5) Cells 

 VERO cells  

 RK-13 cells  

 Embryonated Chicken Eggs  

 

2.2 Gamma irradiated FBS: 

 

2.2.1 Suitability for cell culture: 

 

Various anchorage dependent tissue cultures used for manufacturing of vaccine 

include cell lines such as human diploid cells (MRC-5, WI-38), Vero, MDCK, CHO as 

well as different primary cultures. Out of these, the established continuous cell lines such 

as Vero, MDCK & CHO have been quite successfully grown using adult bovine serum or 

less percentage of FBS supplemented in conventional tissue culture media. Human 

diploid cells, being from homologous species, are most accepted as a substrate for many 

viral vaccines intended for human use.  These are one of the most fastidious cells to grow 
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on large scale. They require 10% FBS to be supplemented in Minimum Essential 

Medium (MEM) for getting their optimum growth.  

 

During this evaluation study, human diploid MRC-5 cells were selected as one of 

the most fastidious cells. These are fibroblastic cells and are serially propagated with 1:2 

to 1:4 split ratios. Every doubling in its cell count number is designated as a population 

doubling level (PDL). Conventionally the use of Minimum Essential Medium (MEM) 

supplemented with 10% FBS is found to be optimum for growing MRC-5 cells on a large 

scale. During initial propagation of cells at small scale, 175 cm
2
 tissue culture flaks are 

best suited and largely accepted containers. For evaluation purpose, MEM supplemented 

with gamma irradiated FBS, was used as a cell growth medium for sequential passaging 

of human diploid MRC-5 cells in 175 cm
2
 tissue culture flasks. MEM supplemented with 

10% non-gamma irradiated FBS was used as a control. All the cultures were incubated at 

36
o
C for 4 days between two successive passages. Suitability was evaluated by 

comparing the cell morphology, monolayer confluence and cell counts obtained for 

cultures at every passage. The experiment was performed on three lots to confirm 

consistency of results.  

 

2.2.2 Senescence study of MRC-5 cells: 

 

Senescence is a gradual deterioration of functional characteristics of cells with 

their age. Human diploid cells maintain the normal human chromosomal number (46 

numbers or 23 pairs) and their characteristics. They can be serially grown, similar to 

other cell lines, but have a limited lifetime and the cells die after a defined number of 

population doublings. Human diploid cells are non-tumorigenic and this gives them 

advantage for their use as a substrate for manufacturing of viral vaccines. Human diploid 

(MRC-5) cells have been extensively studied and found to have a finite life time of 50-60 

doubling levels. In this study, propagation of MRC-5 cells was carried out cells in 175 

cm
2
 tissue culture flasks using MEM supplemented with 10% gamma irradiated FBS till 

population doubling level (PDL) 60 to study their effect on the senescence of MRC-5 

cells. MEM supplemented with 10% non-gamma irradiated FBS was used as a control, 

Cell morphology and monolayer confluence in the tissue culture flasks (TCF) was 

observed microscopically and cell counts were observed at every population doubling 

level. 
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2.2.3 Suitability for Measles Virus production: 

 

The virus used for this study was attenuated Edmonston-Zagreb Measles virus 

strain. This strain has been adapted to grow on human diploid cells as a substrate. As 

such, the MRC-5 cells were serially propagated cells in 175 cm
2
 tissue culture flasks 

using media supplemented with gamma irradiated FBS in comparison with routine non-

gamma irradiated FBS. After carrying out more than five serial passages, these cell 

culture containers were further trypsinized and infected with Measles virus. The infected 

cells were seeded in 850 cm
2
 roller bottles using MEM supplemented with 10% gamma 

irradiated FBS and incubated at 36
o
C temperature. After 48 hours of incubation, the cell 

monolayers were washed with virus maintenance medium (i.e. MEM without FBS) and 

incubation was continued at 32
o
C. Multiple harvests were collected from individual roller 

bottle groups at pre-defined intervals. During every harvest, Gelatin and D-Sorbitol at 

concentration of 2.5% and 5% respectively, were added as stabilizer to the pooled 

harvests. Representative samples from all the groups were withdrawn after every harvest 

for determination of virus content. MEM supplemented with 10% non-gamma irradiated 

FBS was used as a control. The experiment was performed on three lots to confirm the 

consistency of results. 

 

2.2.4 Suitability for Rubella Virus production: 

 

The virus used for this study was attenuated Rubella RA 27/3 virus strain. This 

strain has also been adapted to grow on human diploid cells as a substrate. Human 

diploid (MRC-5) cells were sequentially passaged cells in 175 cm
2
 tissue culture flasks 

using MEM supplemented with 10% gamma irradiated FBS. Further, cell factories 

(CF10, 6000 cm
2
, surface area) were seeded with these cells and incubated at 36

o
C.  

After confluent growth, the cell monolayers in all the cell factories were infected with 

Rubella virus and further incubated at 32
o
C. After 48 hours of incubation, cell 

monolayers were washed with virus maintenance medium without FBS and further 

incubated at 32
o
C temperature. Multiple harvests were collected group wise from all the 

cell factories at pre-defined intervals. During every harvest, Gelatin and D-Sorbitol at 

concentration of 2.5% and 5% respectively were added as stabilizer to the pooled 

harvests. Representative samples from all the groups were withdrawn after every harvest 



Chapter-4 

 

52 

 

for determination of virus content. MEM supplemented with 10% non-gamma irradiated 

FBS was used as a control. The experiment was performed in three lots to confirm the 

consistency of results. 

 

2.2.5 Suitability for Mumps Virus production: 

 

The virus used for this study was attenuated Mumps L-Zagreb virus strain. This 

strain has been adapted to grow on primary chicken embryo culture. The anchorage 

dependent primary cultures commonly show considerable percentage of unattached cells 

in suspension after initial attachment of remaining cells. The use of such nutritionally 

rich media helps to reduce this percentage of unattached cells. Chicken embryo culture 

was prepared using 10-day old specific pathogen free (SPF) eggs using MEM 

supplemented with 10% gamma irradiated FBS as cell growth medium. Cell factories 

(CF10, 6000 cm
2
, surface area) were seeded with these cells and incubated at 36

o
C.  

After confluent growth, the cell monolayers in all the cell factories were infected with 

Mumps virus and further incubated at 32
o
C. After 48 hours of incubation, cell 

monolayers were washed with virus maintenance medium and further incubated at 32
o
C 

temperature. Multiple harvests were collected group wise from all the cell factories at 

pre-defined intervals. During every harvest, Gelatin and D-Sorbitol at concentration of 

2.5% and 5% respectively were added as stabilizer to the pooled harvests. Representative 

samples from all the groups were withdrawn after every harvest for determination of 

virus content. MEM supplemented with 10% non-gamma irradiated FBS was used as a 

control. The experiment was performed in three lots to confirm the consistency of results. 

 

2.2.6 Sampling and testing methods: 

 

All the virus titration samples were collected in vials and stored frozen below –

60
o 

C till tested. Cell culture infectivity dose (CCID50) method in tissue cultures using 96 

well plates was used for titration of all virus samples. Measles and Mumps virus samples 

were titrated using Vero cells; while RK-13 cells were used for titration of Rubella virus 

samples. Appropriate cell culture controls and reference virus preparation were run in 

every assay. Ten fold dilutions of virus were used for titration so as to get end point of 

virus titres. All the wells showing virus-specific cytopathic effect were marked as 

positive. The virus titers were calculated by Spearman-Karber formula. In case of mumps 
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titrations, the confirmation of these readings was done by using haemagglutination test 

using guinea-pig RBCs. 

 

2.3 Gamma irradiated Trypsin: 

 

2.3.1 Suitability for cell culture: 

 

Porcine origin trypsin treated with 25-40 kGy gamma irradiation dose was taken 

for cell culture suitability study. Five sequential passages of MRC-5 cells were carried 

out in 175 cm2 TC flasks using gamma irradiated trypsin for trypsinization of cells at 

every passage. Non gamma irradiated trypsin was used as a control. All the cultures were 

incubated at 36
o
C for 4 days between two successive passages. Suitability was evaluated 

by comparing the cell morphology, monolayer confluence and cell counts obtained for 

cultures at every passage. MEM supplemented with 10% non-gamma irradiated FBS was 

used as a nutrient medium. Three runs of experiment were performed to confirm 

consistency of results.  

 

2.4 Statistical analysis: 

 

The results of cell suitability experiments were analyzed by one-way ANOVA 

test and Paired t-test at 95% confidence interval. 

 

3. Results: 

 

3.1 Gamma irradiated FBS” 

 

3.1.1 Suitability for cell culture: 

 

During cell culture suitability study, important parameters such as cell morphology, 

attachment and confluence of monolayer were observed over successive passages of 

human diploid (MRC-5) cells carried out using gamma irradiated (G) FBS along with 

non-gamma irradiated (NG) FBS. At passage-23 the cell counts were observed in the 

range of 26-28 millions; while during five sequential passages there was marginal 
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decrease in cell counts. Table-4.2 shows cell counts of three runs of 5 successive 

passages of MRC-5 cells using G & NG FBS.  

 

Table-4.2 Cell suitability of gamma irradiated FBS 

Passage 

No. G-1 G-2 G-3 

Average 

of G Runs NG-1 NG-2 NG-3 

Average of 

NG Runs 

23 26 28 27 27.0 28 27 26 27.0 

24 28 27 27 27.3 27 28 26 27.0 

25 25 27 25 25.7 27 25 25 25.7 

26 26 25 26 25.7 27 26 27 26.7 

27 25 26 26 25.7 26 25 25 25.3 

All cell counts are expressed in millions.  

 

 

 

Figure-4.1 Cell suitability of gamma irradiated FBS.  

G and NG indicate gamma irradiated and non-gamma irradiated FBS respectively. 

Human diploid (MRC-5) cells were propagated for five successive passages using 

nutrient media supplemented with (G) FBS and (NG) FBS. The cell counts at every 

passage were taken from 175 cm
2
 TC flask trypsinized after 4 days of incubation at 
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36±1
o
C. Both types of FBS showed consistent and comparable trends of cell count 

throughout all the passages. All cell counts are expressed in millions.  

 

3.1.2 Senescence study of MRC-5 cells 

 

MRC-5 cells were grown in `175 cm sq TC flasks using both G and NG type of FBS up 

to 60 passages. At every passages cell morphology was observed microscopically. The 

results of both types of FBS were compared. Table-4.3 shows cell counts and 

observations of monolayer up to passage 60. As the cells grow older, the cell count of a 

confluent monolayer goes on decreasing with the passage number of cells. The initial cell 

count of TC flasks at passage-27 was gradually decreased till passage-50 from 25 to 16 

millions per TCF. The pattern of cell counts up to passage-60 observed for gamma 

irradiated FBS was comparable to that of non-gamma irradiated FBS. After passage-50, 

the cells were healthy however cell growth was slowed down; while after passage-55, the 

cells started showing granularity in the cytoplasm and the monolayer confluence was not 

seen.  
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Table-4.3 Senescence study of MRC-5 cells 

Passage 

No. 
NG G G NG 

27 25 25 (2TCF with 10 million cells/TCF seeding count) 

28 24 24 

                    

Healthy cells & 

complete 

monolayer 

Healthy cells & complete 

monolayer 

29 22 23 

30 22 22 

31 21 20 

32 20 20 

33 20 20 

34 20 18 

35 20 19 

36 20 20 

37 20 20 

38 20 19 

39 20 19 

40 20 19 

41 20 19 

42 19 19 

43 19 18 

44 18 18 

45 18 18 

46 18 18 

47 18 17 

48 18 17 

49 16 17 

50 16 16 

51 14 16 Normal cells 

and incomplete 

monolayer. 

Healthy cells and complete 

monolayer. 

52 12 14 

Normal cells and incomplete 

monolayer. 

53 12 13 

54 12 12 

55 8 9 Normal cells 

with granulation 

& incomplete 

monolayer. 56 8 8 
Normal cells with granulation & 

incomplete monolayer. 

57 6 8 
Cell granularity 

seen, incomplete 

monolayer 

58 5 6 
Cell granularity seen, incomplete 

monolayer 
59 5 4 

60 4 4 

All cell counts are expressed in millions.  
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Figure-4.2 Senescence study of MRC-5 cells.  

G and NG indicate gamma irradiated and non-gamma irradiated FBS respectively. 

MRC-5 cells are known to have a definite life span of 50-60 PDLs. As the age of cells 

approaches towards end of life span, the confluence of cell monolayer and cell counts 

are decreased. MRC-5 cells were propagated in 175 cm
2
 TC flasks up to passage-60 

using nutrient media supplemented with (G) FBS and (NG) FBS. All the cell counts were 

taken from TC flasks trypsinized after 4 days of incubation at 36±1
o
C. The senescence 

pattern was found to be consistent and comparable for both types of FBS throughout all 

the passages. All cell counts are expressed in millions.  

 

3.1.3 Suitability for Measles Virus production: 

 

Measles virus grown on MRC-5 cells gives a range of virus titers based on the extent of 

infection and the harvesting period after infection. The virus is released out by lysis of 

infected cell. In initial harvests, high virus titres are obtained due to more number of 

available cells; while subsequent harvests typically show decreasing trend of virus titres. 

During this experiment, first harvest gave around 5.5 log10CCID50/0.5ml virus titres, 

while 8
th

 harvest gave 4.8 to 5.0
 
log10CCID50/0.5ml virus titres. Table 4.4 gives harvest-
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wise virus titers obtained in three experimental runs each of G & NG FBS. A comparable 

trend of virus titres was observed for all both types of FBS.  

 

Table 4.4 Suitability for Measles virus production  

Harvest 

No. 
G-1 G-2 G-3 

Average 

of G 

Runs 

NG-1 NG-2 NG-3 

Average 

of NG 

Runs 

H1 5.513 5.513 5.450 5.492 5.450 5.544 5.481 5.492 

H2 5.513 5.544 5.481 5.513 5.481 5.513 5.513 5.502 

H3 5.263 5.294 5.263 5.273 5.325 5.294 5.294 5.304 

H4 5.106 5.138 5.075 5.106 5.075 5.013 5.044 5.044 

H5 5.075 5.169 5.013 5.086 5.106 5.013 4.888 5.002 

H6 5.106 5.013 5.106 5.075 5.106 5.075 4.950 5.044 

H7 4.919 5.106 5.013 5.013 5.138 5.106 5.075 5.106 

H8 4.825 4.950 5.044 4.940 4.950 5.044 5.044 5.013 

 

All the virus titre values are expressed as log10CCID50/0.5ml.  
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b) 
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d) 

 

Figure-4.3 Suitability for Measles Virus production.  

G and NG indicate gamma irradiated and non-gamma irradiated FBS respectively. 

MRC-5 cells were initially propagated for five successive passages in TC flasks. These 

cells were trypsinized, infected with Measles virus and further grown in 850 cm
2
 roller 

bottles. Two days after infection, the cultures were washed using MEM without FBS and 

further incubated in MEM. Eight virus harvests were taken from roller bottles at pre-

defined time intervals and samples of each harvest were titrated for virus content. 

Graphs a), b) and c) indicate results of three individual Measles runs; while d) indicate 

average values of three runs. The virus titer values are expressed as log10CCID50/0.5ml. 

A pattern of virus titers obtained throughout the harvests is typical for a combination of 

substrate and a virus strain. The virus titer pattern obtained for Edmonston-Zagreb 

Measles virus strain grown on human diploid (MRC-5) cells propagated using gamma 

irradiated FBS was consistent and comparable with that of non-gamma irradiated FBS. 

 

3.1.4 Suitability for Rubella Virus production: 

 

Rubella virus grown on MRC-5 cells gives a range of virus titers based on the extent of 

infection and the harvesting period after infection. In initial harvests, high virus titres are 

obtained due to more number of available cells; while subsequent harvests typically show 

decrease in number of cells as well as decreasing trend of virus titres. During this 
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experiment, first harvest gave around 5.5 to 5.8 log10CCID50/0.5ml virus titres, while 

tenth harvest gave 4.8 to 5.2
 
log10CCID50/0.5ml virus titres. Table 4.5 shows harvest-wise 

virus titers obtained in three experimental runs each of G & NG FBS. A comparable 

trend of virus titres was observed for all both types of FBS. 

 

 

Table-4.5 Suitability for Rubella Virus Production.  

Harvest 

No. 
G-1 G-2 G-3 

Average 

of G 

Runs 

NG-1 NG-2 NG-3 

Average 

of NG 

Runs 

H1 5.7 5.513 5.888 5.700 5.606 5.575 5.825 5.669 

H2 5.481 5.45 5.825 5.585 5.513 5.481 5.825 5.606 

H3 5.481 5.575 5.888 5.648 5.45 5.606 5.888 5.648 

H4 5.45 5.481 5.95 5.627 5.481 5.731 5.825 5.679 

H5 5.575 5.669 5.7 5.648 5.45 5.7 5.606 5.585 

H6 5.294 5.575 5.45 5.440 5.263 5.7 5.481 5.481 

H7 5.45 5.481 5.388 5.440 5.294 5.5 5.45 5.415 

H8 5.169 5.388 5.2 5.252 5.2 5.45 5.388 5.346 

H9 5.2 5.45 4.95 5.200 5.325 5.388 5.138 5.284 

H10 5.169 5.169 4.95 5.096 5.2 5.075 4.825 5.033 

All the virus titre values are expressed as log10CCID50/0.5ml.  
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c) 

 

d) 

 

Figure-4.4: Suitability for Rubella Virus Production. 

G and NG indicate gamma irradiated and non-gamma irradiated FBS respectively. 

MRC-5 cells were initially propagated for five successive passages in TC flasks. These 

cells were trypsinized and further grown in cell factories (CF10). The confluent 

monolayers of cell factories were infected with Rubella virus and further incubated. Two 

days after infection, the cultures were washed using MEM without FBS and further 
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incubated in MEM. Ten virus harvests were taken from cell factories at pre-defined time 

intervals and samples of each harvest were titrated for virus content. Graphs a), b) and 

c) indicate results of three individual Rubella runs; while d) indicate average values of 

three runs. The virus titer values are expressed as log10CCID50/0.5ml. A pattern of virus 

titers obtained throughout the harvests is typical for a combination of substrate and a 

virus strain. The virus titer pattern obtained for RA 27/3 Rubella virus strain grown on 

human diploid (MRC-5) cells propagated using gamma irradiated FBS was consistent 

and comparable with that of non-gamma irradiated FBS. 

 

3.1.5 Suitability for Mumps Virus production: 

 

Mumps virus grown on primary chicken embryo culture gives a range of virus titers 

based on the extent of infection and the harvesting period after infection. In initial 

harvests, high virus titres are obtained due to more number of available cells; while 

subsequent harvests typically show decrease in number of cells as well as decreasing 

trend of virus titres. During this experiment, first harvest gave around 6.5 to 6.9 

log10CCID50/0.5ml virus titres, while tenth harvest gave 5.6 to 5.8
 
log10CCID50/0.5ml 

virus titres. First set of experiment (i.e. G-1 and NG-1) showed marginally lower virus 

titres compared to next two runs. This may be attributable to difference in behaviour of 

primary CEC resulting in marginal variation in virus titres. Table 4.6 gives harvest-wise 

virus titers obtained in three experimental runs each of G & NG FBS. A comparable 

trend of virus titres was observed for all both types of FBS. 

 

Table-4.6 Suitability for Mumps Virus Production.  

Harvest 

No. 
G-1 G-2 G-3 

Average 

of G Runs 
NG-1 NG-2 NG-3 

Average of 

NG Runs 

H1 6.231 6.575 6.950 6.585 6.419 6.700 6.513 6.544 

H2 6.700 7.138 6.950 6.929 6.680 6.950 6.763 6.798 

H3 6.700 7.138 7.013 6.950 6.544 6.950 7.200 6.898 

H4 6.325 6.575 6.513 6.471 6.450 6.700 6.575 6.575 

H5 5.700 6.138 5.763 5.867 5.544 5.950 6.075 5.856 

H6 4.794 5.606 5.825 5.408 4.794 5.700 6.138 5.544 

All the virus titre values are expressed as log10CCID50/0.5ml.  
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c) 

 

 

d) 

 

Figure-4.5: Suitability for Mumps Virus Production. 

 G and NG indicate gamma irradiated and non-gamma irradiated FBS respectively. 

Chicken embryo cultures were prepared using 10-day old SPF hen’s eggs and cells were 

seeded in cell factories (CF10). The confluent monolayers of cell factories (CF10) were 

infected with Mumps virus and further incubated. Two days after infection, the cultures 

were washed using MEM without FBS and further incubated in MEM. Six virus harvests 
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were taken from cell factories at pre-defined time intervals and samples of each harvest 

were titrated for virus content. Graphs a), b) and c) indicate results of three individual 

Mumps runs; while d) indicates average values of three runs. The virus titer values are 

expressed as log10CCID50/0.5ml. A pattern of virus titers obtained throughout the 

harvests is typical for a combination of substrate and a virus strain. The virus titer 

pattern obtained for L-Zagreb Mumps virus strain grown on chicken embryo culture  

prepared using gamma irradiated FBS was consistent and comparable with that of non-

gamma irradiated FBS. 

 

3.2 Gamma irradiated Trypsin: 

 

3.2.1 Suitability for cell culture: 

 

During cell culture suitability study, important parameters such as cell morphology, 

attachment and confluence of monolayer were observed over successive passages of 

MRC-5 cells carried out using gamma irradiated (G) trypsin along with non-gamma 

irradiated (NG) trypsin. Table-4.7 shows cell counts of three runs of 5 successive 

passages of MRC-5 cells carried out using each of G & NG trypsin. The results were for 

both types of FBS. 

 

Table-4.7 Cell suitability of gamma irradiated trypsin.  

Passage 

No. G-1 G-2 G-3 

Average 

of G 

Runs NG-1 NG-2 NG-3 

Average 

of NG 

Runs 

23 23 22 22 22.33 24 22 23 23.00 

24 22 23 22 22.33 22 23 23 22.67 

25 22 21 20 21.00 20 22 21 21.00 

26 20 19 21 20.00 19 19 20 19.33 

27 18 20 19 19.00 20 18 19 19.00 

All cell counts are expressed in millions.  
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Figure-4.6 Cell suitability of gamma irradiated trypsin. G and NG indicate gamma 

irradiated and non-gamma irradiated trypsin respectively. Human diploid (MRC-5) cells 

were propagated for 5 successive passages using gamma irradiated and non-gamma 

irradiated trypsin. The cell counts at all passages were taken from 175 cm
2
 TC flask 

trypsinized after 4 days of incubation at 36±1
o
C. Both types of trypsins showed consistent 

and comparable cell count throughout all the passages. All cell counts are expressed in 

millions.  

 

3.3 Statistical analysis:  

 

The statistical analysis of results of cell suitability experiments by one-way 

ANOVA test and Paired t-test showed that the differences between the values of all 

experiments were statistically insignificant at 95% confidence interval, thereby showing 

that the results of gamma irradiated samples of FBS and trypsin are comparable with 

those of non-gamma irradiated controls.  

 

4.  Discussion:  

 

FBS has been used extensively as a growth promoting supplement in cell cultures 

for many years and its use for this purpose, particularly in the manufacture of vaccines, 

has greatly contributed to the battle against disease. Being an animal origin material, it 
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has a potential to introduce adventitious agents inherent in the source material to the final 

product. There are many incidents that proved presence of viral adventitious 

contaminants present in FBS e.g. Reo type 2, Cache valley virus [33], epizootic 

hemorrhagic disease virus [34], calcivirus [35] and as result in cell culture and in 

biological manufacturing processes.  

 

Gamma irradiation of FBS is very efficient and commonly employed method for 

inactivation of many different animal derived viruses. The main advantage of gamma 

irradiation is that it is easy and safe and also it is performed on original containers at very 

low temperatures; it does not affect the performance and quality of serum to significant 

extent. Use of gamma irradiated FBS as an alternative to routine non-gamma irradiated 

FBS can mitigate the risk of contamination by animal derived adventitious agents to 

great extent. Gamma irradiated FBS have been shown to be suitable for cell culture of 

few cell lines such as MRC-5, Vero, and BHK. 

The study in this research was aimed at evaluating the performance of gamma 

irradiated FBS for supporting cell culture growth and vaccine manufacturing processes at 

a commercial level. Gamma irradiated FBS was evaluated for suitability of cell culture of 

human diploid (MRC-5) cells and chicken embryo cultures in comparison with non-

gamma irradiated FBS as a control. Senescence study was carried out with most 

fastidious cell line i.e. Human diploid (MRC-5) cells using gamma irradiated FBS. Non-

gamma irradiated FBS was used as a control. Senescence pattern for gamma irradiated 

FBS was found to be satisfactory and comparable with routine non-gamma irradiated 

FBS. The above substrates cultivated using gamma irradiated FBS was also evaluated for 

suitability on virus culture using Measles, Mumps and Rubella viruses.  

 

5. Conclusion: 

 

 The cell growth pattern along with respective cell counts of MRC-5 cells using 

gamma irradiated FBS was found to be comparable with routine non-gamma irradiated 

FBS. The attachment, morphology and confluence of MRC-5 cells were found to be 

satisfactory as microscopic observation during subsequent passaging up to senescence. 

Suitability studies with Measles, Mumps and Rubella viruses explored that the virus 

growth curve pattern as well as harvest wise virus titers were comparable with those 

obtained using routine non-gamma irradiated FBS. The use of gamma irradiated FBS & 
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trypsin in large scale vaccine manufacturing can minimize risk of adventitious arising 

from FBS and trypsin to great extent.  
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1. Introduction: 

 

Manufacturing of tissue culture based viral vaccines essentially requiring use of 

animal derived raw materials such as foetal bovine serum and trypsin are highly prone to 

contamination of adventitious viruses arising through these items. Regulatory authorities 

recommend use of validated methods of virus inactivation and or removal. [1]. Many 

manufacturers use small-virus filters as a part of downstream process to minimize risk of 

parvovirus and other viruses from the product by size exclusion [2]. However, in case of 

live attenuated viral vaccines, it is not practically possible to use virus filters at terminal 

stage of manufacturing process and therefore, such filters can be used for filtration of 

media containing animal derived raw materials for ensuring removal of potential 

adventitious viruses. The industry expectation for a robust small-virus removal step is at 

least four logs reduction of viruses. The evaluation of small-virus filter can be best 

performed by a scaled-down study of the process keeping all the parameters such as type 

of membrane, process materials, buffers, and operating conditions representative of the 

manufacturing scale process. Regulatory documents emphasize that a scaled down model 

must include important parameters closely matching with large scale process [3]. Once 

small-scale experiments are successful with respect to virus removal and other important 

parameters such as growth suitability of filtered media, the output of process, such 

processes can be scaled up using large surface area filters proportionate to the desired 

output.  

 

In last few decades, few manufacturers of pharmaceutical filters have devised 

typically 15-20 nm pore size filters, which have been studied extensively for removal 

various model viruses. Table-5.1 gives details of such filters and their virus removal 

efficiencies. 
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Table-5.1 Virus removal efficiency of filters. 

Company Product Virus retention claim Size of virus 

Asahi-

Kasei 

Planova 15N >6.2 log Parvovirus 

>6.7 log Poliovirus 

18-26 nm 

28-30 nm 

 Planova 20N >4.3 log Parvovirus 

>5.4 log Encephalomyocarditis 

18-26 nm 

28-30 nm 

 Planova 35N >5.9 log BVD virus 

>7.3 log HIV 

40-70 nm 

80-130 nm 

Millipore Viresolve NFP >4.0 log фX-174 Bacteriophage 28 nm 

 Viresolve NFR >6.0 log Retrovirus 80-130 nm 

Pall Ultipore DV20 >3 log PP7 Bacteriophage 

>6 log PR772 Bacteriophage 

26 nm 

76-88 nm 

 Ultipore DV50 >6 log PP7 Bacteriophage 76-88 nm 

Sartorius Virosart CPV >4 log PP7 Bacteriophage 

>6 log PP7 Retrovirus 

26 nm 

80-130 nm 

 

(Ref: Gerd Kern, Mani Krishnan; Bioprocess International, 19 (10), October 2006) 

 

1.1 Selection of the process: 

 

The aim of this study was to evaluate the use of virus retention filters for filtration 

of tissue culture media on a small scale and to monitor important process parameters to 

ensure a robust, consistent and economical operation at a higher scale for use in 

commercial scale vaccine manufacturing process [4]. 
 
Few commercially available virus 

retention filters were selected for study. Their virus removal efficiency was assessed 

using a smallest available in-house live attenuated virus suspended in nutritional medium 

a supplemented with FBS. During these small scale studies, all operational parameters 

were also monitored in order to evaluate feasibility of scale-up of filtration process at a 

desired commercial manufacturing scale.  
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2. Materials and Methods: 

 

Filters used 

1) Planova (Asahi Kasei) hollow fiber type, 15 nm pore size, regenerated cellulose, 

surface area 0.12 m
2
 

2) Pegasus SV4, (Pall), modified PVDF membrane, 20 nm pore size; surface area: 155 

cm
2 

3) Ultipor DV20, (Pall), modified PVDF membrane, 20 nm pore size, surface area: 700 

cm
2 

4) Viresolve NFP (Millipore), modified PVDF membrane, surface area 0.42 m2.  

Viruses used: Polio (Type-I Sabin strain) 

Cells used: Human diploid (MRC-5) cells 

Medium used: MEM supplemented with FBS 

 

2.1 Methods: 

 

Assemblies of all small scale filters under evaluation were prepared and sterilized 

by autoclaving at 121 Deg C for 30 minutes. A data of virus retention capacities of all 

these filters was available. However, an additional study was done by spiking the 

selected virus in laboratory media by simulating all the process parameters of large scale 

process. Polio virus (Type-1, Sabin strain), being the smallest available in-house virus, 

was selected for virus retention study. Stock virus solutions titers were in the range of 6-7 

log CCID50/ml. The virus was spiked in MEM supplemented with 10% FBS and filtered 

at ambient temperature through various virus retention filters with a positive pressure and 

the filtrate was collected. Pre and post filtration samples were titrated for virus content 

using HEp-2 cells.  

 

The operational pressure & flow rate during all filtration experiments were 

monitored. Changes in chemical properties such as pH, osmolarity & total protein 

content of pre and post filtration medium were also studied. The virus retention 

efficiency of filters was confirmed using smallest size in-house available virus, Polio 

Type-1, Sabin strain, suspended in conventional tissue culture nutrient medium.   
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A medium without virus was filtered through all these filters and post filtration 

samples were evaluated for cell culture suitability by carrying out five successive 

passages of MRC-5 cells and observing the morphology of cells as well as cell counts of 

fully grown monolayers at each passage. 

 

2.2 Statistical analysis: 

 

The results of cell suitability experiments were analyzed by one-way ANOVA 

test at 95% confidence interval. 

 

3. Results: 

3.1 Virus filtration study: 

 

Four types of virus retention filters were assessed in this study. The samples of 

media before and after filtration were analysed for various parameters. Table-5.2 

provides values of process pH, osmolarity and total proteins of medium and log reduciton 

values of Polio Type-1 virus before and after filtration.  

 

Table-5.2: Effect of filtration on medium. 

Parameters A B C D 

Surface area (sq.cm.) 1200 700 4200 155 

pH (BF) 7.45 7.40 7.55 7.45 

pH (AF) 7.6 7.63 7.72 7.74 

Osmolality (BF) (Osmol/kg) 0.314 0.344 0.336 0.324 

Osmolality (AF) (Osmol/kg) 0.302 0.338 0.332 0.315 

Total Proteins (BF) (mg/ml) 4.7 4.56 4.67 4.89 

Total Proteins (AF) mg/ml) 4.58 4.37 4.52 4.44 

Polio Virus titre (BF) 6.5 6.5 6.6 6.6 

Polio Virus titre (AF) ND ND ND ND 

Polio Virus LRV > 6 > 6 > 6 > 6 

Operational Pressure (Bar) 
3.0 (start); 

3.5 (end) 
2.8 

2.8 (start); 

3.6 (end) 
3.1 

Flow rate (ml/hour) 2500 1400 7300 500 
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A,B,C and D indicate Planova (Asahi Kasei), DV 20 (Pall), Viresolve (Millipore), 

Pegasus SV4, (Pall) filters respectively; BF: Before filtration; AF: After filtration; ND: 

Not detectable; LRV: Log reduction value  

 

There was a slight increase of 1.5 to 3 units in pH of media after filtration. There 

was no significant change in osmolarity and total proteins of media after filtration. All 

filters showed LRV of >6 of Polio Type-1 virus for all filters. The operational pressures 

were very high in the range of 3 to 32.5 bar and media filtration flow rates were very low 

in the range of 0.5 to 7 litres per hour.  

 

3.2 Cell suitability of filtered media: 

 

During cell culture suitability study, important parameters such as cell 

morphology, attachment and confluence of monolayer were observed over successive 

passages of MRC-5 cells carried out using cell medium filtered through all virus 

retention in comparison with a medium filtered through 0.1 micron filter.  

 

Table-5.3 shows cell counts of 5 successive passages of MRC-5 cells and statistical 

analysis of results. The cell counts of all types of filtered media showed decreasing trend 

with subsequent passages and they were comparable at all the five passages.  

 

Table-5.3: Cell suitability of filtered medium. 

Passage No. A B C D Control 

28 24 24 24 24 24 

29 23 24 23 23 24 

30 23 22 22 23 22 

31 20 22 20 21 21 

32 19 19 20 18 20 
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Figure-5.1: Cell suitability of filtered medium. 

 Serial propagation of MRC-5 cells was carried out using 175 cm2 TCF for five 

successive passages. The cell counts of flasks incubated at 36ºC trypsinized after 4-days 

after every passage were taken. Comparative cell counts, in millions, of all the samples, 

were plotted for five consecutive passages. The legends A,B,C and D indicate Planova 

(Asahi Kasei), DV 20 (Pall), Viresolve (Millipore), Pegasus SV4, (Pall) filters 

respectively. ‘Control’ represents medium filtered through only 0.1 micron filter. 

 

3.3 Statistical analysis:  

 

The statistical analysis of results of cell suitability experiments by one-way 

ANOVA test showed that the that the differences between the values of all experiments 

were statistically insignificant at 95% confidence interval, thereby showing that the 

results of all media filtered through various types of filters are comparable with that of 

control.  
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4. Discussion: 

 

Virus retention filters of typically 15-20 nm pore size are commercially available 

in the market from different manufacturers (such as Millipore, Sartorius, Pall, 3M, Asahi 

Kasei etc.). High value biological products such as monoclonal antibodies make use of 

such virus filters at the end product filtration stage where concentrated product in 

relatively smaller volume is filtered to mitigate the potential risk of endogenous & 

exogenous viral adventitious agents. The limitations of these filters are, their high cost 

and lack of biological validation with multiple uses, which need to be overcome to make 

them more industry-friendly. In case of tissue culture based live attenuated viral 

vaccines, it is not possible to use virus retention filters for product filtration. Therefore, it 

was decided to evaluate these filters for filtration of media containing animal sera. 

Although there is extensive data available on efficiency of these filters for removal of 

viruses, an additional confirmation was done using smallest available Polio virus with 

27-30 nm diameter suspended in nutrient medium used in manufacturing process and it 

was found to show 6+ log reduction of virus during filtration. These filters are also 

expected to show loss of some protein precipitates; therefore, total proteins and 

osmolarity of media were checked. There was a slight increase in pH of media after 

filtration, as observed in other filtration processes; however there was no significant 

change in osmolarity and total proteins of media after filtration. The overall results of the 

performance of the virus filter for media filtration were quite satisfactory.  

 

The results of evaluation studies were encouraging; however, the filtration 

processes had some major limitations.  The operational pressures required for filtration 

processes were very high in the range of 2.8 to 3.6 bar thereby making it unsafe for 

operational personnel. The media filtration flow rates were very low in the range of 0.5 

to 7.3 litres per hour as against the required output of around 100 to 150 litres per hour at 

commercial production scale. 

 

5. Conclusion: 

 

Although an effective technology for viral clearance, the use of virus retention 

filters is not looked upon as the only strategy that will provide 100% assurance of viral 

safety. The results obtained at a small scale of operation were encouraging. Virus 
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retention capability, when spiked in a nutrient medium, was satisfactory. The filtered 

media also retained their growth suitability properties after filtration. However, more 

trials at higher scale of operation need to be performed to understand the realistic scaling 

up of the process. There is a need of cost-effective, large surface area filters with a high 

throughput and also a need to develop robust filtration methodologies for safe working at 

high operational pressures.  
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1. Introduction: 

 

Trypsin is a proteolytic enzyme (serine protease), used as a cell dissociating 

agent, often in combination with a chelating agent EDTA (Ethylene Diamine Tetra 

Acetic acid) in cell cultures. Trypsin specifically cleaves Lysine and Arginine residues 

from peptides.. The optimum pH range for trypsin activity is pH 7 to 10 [1,2]. Trypsin –

EDTA chelates Ca++ ions and weakens the function of attachment factors such as 

integrins, fibronectin, vitronectin, thereby disrupting the cell-substratum and cell-cell 

interactions [3,4]. Manufacturing processes of tissue culture based products generally 

make use of porcine trypsin. This trypsin has a potential to introduce adventitious viruses 

of porcine origin in to the product [5,6]. The use of trypsin is an essential reagent for 

manufacturing of various tissue culture based vaccines such as Measles, Mumps, 

Rubella, Influenza, Rabies and Rota virus. Trypsin is mainly used as a cell dissociating 

agent in cell culture stage and also for activating seed viruses in infection step [7].  

 

In order to minimize the risk of adventitious agents, recent international 

regulatory guidelines such as EMA are becoming more stringent regarding use of animal 

origin raw materials in the manufacture of human biologicals.  Being an animal origin 

material, trypsin has an inherent risk of being contaminated with transmissible 

adventitious agents [8,9,10,11]. Possibility of Mycoplasma contamination is also an 

important concern. Mycoplasma hyorhinis is associated with pigs and found as a 

common contaminant of cell cultures [12] and it can survive in trypsin solutions. Such 

risks of various adventitious agents are typically mitigated by testing the porcine trypsin 

for absence of the extraneous agents. However the testing method has its own limitations 

and sometimes the contaminating adventitious agent may escape the detection. As an 

example, recently a rotavirus vaccine was found contaminated with porcine circovirus 

DNA sequences derived from porcine trypsin used in developmental studies 

[13,14,15,16]. As many as 55 porcine virus species of human host range, from 17 

different families having been stated as potential contaminating viruses [17]. As per 9 

CFR testing requirements for biological origin raw materials, testing of following viruses 

are recommended [18] - 

1) Bovine Viral Diarrhea virus (BVDV) 

2) Rabies Virus 

3) Reovirus  
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4) Porcine adenovirus  

5) Transmissible Gastroenteritis Virus (TGEV) 

6) Porcine hemagglutinating encephalomyelitis virus    

 

A CBER “Guidance for Industry” recommends additional testing of trypsin 

depending upon the source of trypsin [19]. “European Medicines Agency” (2013) 

recommends use of two different cell lines to test trypsin for adventitious agents of 

porcine origin. This additional testing underscores the need for alternatives to trypsin of 

animal origin source [20]. Other risk-mitigation methods which are being used for 

elimination or inactivation of contaminating viruses include acid treatment, use of virus 

filters and irradiation such as UV-C or Gamma irradiation [21]. However, all the above 

methods have their own limitations for elimination of risk of adventitious agents arising 

through use of biological origin raw materials. 

 

1.1 Use of alternative reagents: 

 

Besides animal derived trypsin, other forms of trypsins have been developed such 

as recombinant trypsins and bacterial or plant derived trypsin. Advantages of 

recombinant trypsin are -  

1) Recombinant Porcine trypsin is prepared by expressing synthetic gene or trpsin in 

suitable microorganisms such as E. coli, Pichia pastoris etc. It is available in pure 

form and does not contain other contaminating enzymes [22,23,24,25,26,27,28].   

2) The use of synthetically prepared gene trypsin eliminates risk of porcine 

adventitious viruses.  

3) It exhibits specific action of trypsin and avoids action of other proteases present 

in partially purified trypsin preparations such as carboxypeptidases and 

chymotrypsin. 

 

1.2 Selection of the process: 

 

Two commercially available recombinant trypsin preparations were selected for 

as an alternative to porcine origin trypsin. The Biogenomics make recombinant trypsin is 

manufactured by cloning the synthetic gene of porcine trypsin in E. coli as a expression 

system. The Richcore make recombinant trypsin is manufactured using recombinant 
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yeast Pichia pastoris as an expression system. Both these products offer advantages such 

as rapid expression, safe manufacturing process, high yields, high purity, consistent 

quality, no impurities of chymotrypsin and other proteases, no risk of animal-origin 

adventitious agent. A well established conventional porcine trypsin of Pangaea make was 

used as a control during evaluation studies. 

The criteria included in the evaluation study were as described below.  

a) Suitability for selected cell culture,  

b) Suitability for selected virus culture and  

c) Characterization of the enzyme with respect to its purity, specificity and stability. 

 

2. Materials and Methods: 

 

2.1 Materials: 

Media Components:  

 FBS 

 Cell medium (MEM, Hank’s salts supplemented with 10% FBS) 

 Trypsin (Pangaea) 

 Recombinant Trypsin (Biogenomics) 

 Recombinant Trypsin (Richcore) 

Viruses 

 Measles Edmonston-Zagreb virus strain 

 Mumps L-Zagreb virus strain 

 Rubella RA-27/3 virus strain 

Cells  

 Human Diploid (MRC-5) Cells 

 VERO cells  

 RK-13 cells  

 Embryonated Chicken Eggs  

 

2.2 Optimization of trypsin concentration: 

 

Recombinant trypsin being in pure and concentrated form, it was necessary to 

optimize the concentration of these trypsins for cell and virus culture suitability study. 

Porcine origin trypsin (Make: Pangaea), had a trypsin activity of 250 to 500 units/mg; 
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while recombinant trypsins (Make: Biogenomics and Richcore) had trypsin activity in 

the range of 2500 to 3500 units/mg. All the three types of trypsins viz. Pangaea, 

Biogenomics and Richcore were prepared by dissolving them in phosphate buffered 

saline. These preparations were further diluted based on their initial concentrations to 

obtain a desired a range of concentrations. A set of 54 TC flasks of human diploid 

(MRC-5) cells was prepared by seeding with 10 million cells per flask. After 4 days of 

incubation at 36±1ºC, all these flasks with confluent cell monolayers were used for 

trypsinization study. The cell monolayers of all TC flasks were washed with 10 ml PBS 

and then trypsinized using 10 ml trypsin of different concentrations of all the three types 

of trypsins. After satisfactory trypsinization, all the flasks were seeded with MEM 

supplemented with 10% FBS and new TC flasks were prepared with 1:2 split ratio. 

During trypsinization, all important parameters such as, time required for removal of 

cells, % removal of cells, viability of trypsinized cells were noted. Based on the 

observations, optimum trypsin concentration was determined for all further experiments. 

  

2.3 Suitability for cell culture:  

 

Serial propagation of MRC-5 tissue culture flasks (175 cm
2
) was done for five 

consecutive passages with 1:2 split ratio using two recombinant trypsins. Conventional 

Porcine trypsin solution was used as a control. Based on the optimization studies, a 

concentration of 800 units/ml of all the trypsin preparations was used for this 

experimental work.  All the cultures were incubated at 36±1
o
C for 3 to 4 days between 

two successive passages. Suitability was evaluated by comparing the cell counts, cell 

morphology and monolayer confluence obtained at every passage. The experiment was 

performed thrice to confirm the consistency of results. 

 

2.4 Senescence Study of MRC-5 cells: 

 

Senescence is a gradual deterioration of functional characteristics of cells with 

their age. MRC-5 is a normal cell strain and has been established to have a definite life of 

around 50-60 PDLs. In this study, propagation of MRC-5 cells was carried out using all 

the trypsin solutions till population doubling level (PDL) 60, to study their effect on the 

senescence of MRC-5 cells. MEM supplemented with 10% FBS was used as a nutrient 

medium. Cell morphology and monolayer confluence in the tissue culture flasks (TCF) 
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was observed microscopically and cell counts were observed at every population 

doubling level. 

 

2.5 Suitability for Measles Virus production: 

 

Cell factories (CF10) with MRC-5 cells were propagated for three consecutive 

passages using each of the three types of trypsin preparations so as to achieve a 

population doubling level of cells similar to that used for vaccine manufacturing, These 

cell factories were further trypsinized using respective trypsin solutions (i.e. two 

recombinant trypsins and one conventional porcine trypsin) and the individual cell pools 

were infected with Measles virus. These cell pools were equally distributed in roller 

bottles with a seeding count of 50-60 million cells and incubated at 36
o
C temperature. 

Minimum essential medium supplemented with 10% foetal bovine serum was used as a 

cell growth medium. After two days of incubation, the cell monolayers were washed with 

virus maintenance medium (i.e. MEM without FBS) and incubation was continued at 

32
o
C with virus maintenance medium. Multiple harvests were collected from individual 

roller bottle groups at pre-defined intervals. During every harvest, Gelatin and D-Sorbitol 

at concentration of 2.5% and 5% respectively, were added as a stabilizer to the pooled 

harvests. Representative samples from all the groups were withdrawn for determination 

of virus content. The experiment was performed on three lots to confirm the consistency 

of results. 

 

2.6 Suitability for Rubella Virus production: 

 

Three groups of three TC flasks were prepared by seeding 10 million cells per 

TCF from a homogenous pool of MRC-5 cells. Sequential propagation of tissue culture 

flasks from each group was carried out using two recombinant trypsin solutions and a 

conventional porcine-origin trypsin for three consecutive passages to obtain nine cell 

factories (CF) with MRC-5 cells at a population doubling level similar to that used for 

vaccine manufacturing. Minimum essential medium supplemented with 10% foetal 

bovine serum was used as a cell growth medium. After confluent growth, cell 

monolayers in all the nine cell factories were infected with RA 27/3 Rubella virus and 

further incubated at 31
o
C with cell growth medium. After two days of incubation, cell 

monolayers were washed virus maintenance medium and further incubated at 31
o
C 
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temperature with virus maintenance medium. Multiple harvests were collected group 

wise from all the cell factories at pre-defined intervals. During every harvest, Gelatin and 

D-Sorbitol at concentration of 2.5% and 5% respectively were added as stabilizer to the 

pooled harvests. Representative samples from all the groups were withdrawn for 

determination of virus content. The experiment was performed on three lots to confirm 

the consistency of results. 

   

2.7 Suitability for Mumps Virus production: 

 

Ten day’s old healthy embryos from SPF hen’s eggs were used to prepare 

chicken embryo cultures (CEC). Three groups of 30 embryos each were prepared and 

chicken embryo culture was prepared using three different types of trypsins (i.e. two 

recombinant and one conventional porcine) for trypsinization of embryos. Based on the 

optimization studies, a concentration of 800 Units/ml of all the trypsins was used for this 

study. One cell factory (CF10) with a seeding of 2000 million cells per CF was prepared 

from each group. Conventional porcine trypsin was used as a control group. Minimum 

essential medium supplemented with 10% foetal bovine serum was used as a cell growth 

medium. After two days of incubation, the cell monolayers were infected with L-Zagreb 

Mumps virus and further incubated with cell growth medium at 33
o
C temperature. After 

two days of incubation, the cell monolayers were washed with virus maintenance 

medium (i.e. MEM without FBS), the incubation was continued with virus maintenance 

medium. Multiple harvests were collected group wise from all the cell factories at pre-

defined intervals. During every harvest, Gelatin and D-Sorbitol at concentration of 2.5% 

and 5% respectively were added as stabilizer to the pooled harvests. Representative 

samples from all the groups were withdrawn for determination of virus content. The 

experiment was performed on three lots to confirm the consistency of results. 

 

2.8 Stability study of trypsin solutions: 

 

While using trypsin solution during routine manufacturing of vaccines, 

conventionally large size batches are prepared and stored at either -20
o
C for longer 

period or at 2
o
C to 8

o
C for short term storage. As per requirement, desired numbers of 

containers are taken out from 2
o
C to 8

o
C for pre-warming at 36

o
C before use. Routinely 

0.1% of Porcine Pangaea trypsin solution is used for manufacturing purpose, However, 
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Biogenomics and Richcore trypsins being recombinant, were having high activity. 

Therefore, 0.02% solutions of these trypsins were prepared so as to get similar trypsin 

activity. All these solutions were distributed in suitable aliquots and stored at 2
o
C to 8

o
C 

and -20
o
C. Samples were analyzed for trypsin activity every month up to 8 months 

storage at above referred temperatures.  

 

2.9 Sampling and testing methods  

 

All the virus titration samples were collected into 5 ml amber vials and stored 

frozen below –60
o
C till use. Cell culture infectivity dose (CCID50) methods in tissue 

cultures using 96 well plates were used for titration of all virus samples. Titrations of 

Measles and Mumps were done using Vero cells; while RK-13 cells were used for 

titration of Rubella virus. Appropriate cell culture controls and reference virus 

preparation were run in every assay. Ten fold dilutions of virus were used for titration so 

as to get end point of virus titres. All the wells showing virus-specific cytopathic effect 

were marked as positive. The virus titers were calculated by Spearman-Karber formula. 

In case of mumps titrations, the confirmation of these readings was done by using 

haemagglutination test using guinea-pig RBCs. 

 

2.10 Statistical analysis: 

 

The results of cell suitability experiments were analyzed by one-way ANOVA 

test and Paired t-test at 95% confidence interval. 

 

3. Results: 

 

3.1 Optimization of trypsin concentration 

 

Results of optimization study of recombinant trypsins for culturing MRC-5 cells 

are shown in Table-6.1. For Pangaea a range of 100-1000 units/ml trypsin concentrations 

was used for study, while for Biogenomics and Richcore, a range of 100-1800 units/ml 

trypsin concentrations was used. In all the three types of trypsins, a concentration in the 

range of 400-800 units/ml was found to be most optimum for trypsinization of cells. At 

lower concentrations, time required for trypsinization was more because of which % cells 
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removed and cell viability was less, while at higher concentrations, cell viability was 

decreased due to over exposure to trypsin.  

 

Table-6.1 Optimization of trypsin concentration 

Units/ml P B R P B R P B R 

 Time for trypsinization % Cell viability % cell removed 

100 20 15 19  40  30 40 20 

200 13.11 10.17 15.2 64 66 46 70 80 60 

300 6.46 6.47 10.45 81 72 67 85 90 80 

400 3.53 5 8.35 91 86 88 100 100 100 

500 3.34 4.18 7.48 100 90 95 100 100 100 

600 1.53 4.05 7 100 96 97 100 100 100 

700 2.44 3.5 5.5 97 98 96 100 100 100 

800 2.03 3.16 3.37 98 100 100 100 100 100 

900 2.27 2.5 3.12 96 100 99 100 100 100 

1000 1.48 1.5 3.06 97 98 100 100 100 100 

1100  1.5 3.21  98 99  100 100 

1200  1.52 3.26  99 100  100 100 

1300  1.52 3.16  94 100  100 100 

1400  1.5 3  95 99  100 100 

1500  1.47 2.57  97 100  100 100 

1600  1.37 3.25  98 99  100 100 

1700  1.35 2.44  93 98  100 100 

1800  1.36 3.23  91 98  100 100 

P denotes Porcine trypsin of Pangaea make while B and R denote Recombinant trypsins 

of Biogenomics and Richcore make respectively. 
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c)  

 

Figure-6.1 Optimization of trypsin concentration.   

TC flasks with a confluent monolayer of human diploid (MRC-5) cells were trypsinized 

with a range of concentration of all three types of trypsins. In case of Pangaea, a range 

of concentration up to 1000 units/ml was used; while, in case of recombinant trypsins, 

due to high activity, a range of concentration up to 1800 units/ml was used. Graphs were 

plotted with time required for complete trypsinization (a), % cell viability (b), % cell 

removal (c) against the activity of trypsin preparations used. P denotes Porcine trypsin 

of Pangaea make while B and R denote Recombinant trypsins of Biogenomics and 

Richcore make respectively. 

 

3.2 Suitability for cell culture: 

 

During cell culture suitability study, important parameters such as cell 

morphology, attachment and confluence of monolayer were observed over successive 

passages of MRC-5 cells carried out using two recombinant trypsins along with a 

conventional porcine origin trypsin. All the cell counts of all the experiments were found 

to be approximately in the range of 24 to 27 million per TCF.  Table-6.2 shows cell 

counts of 5 successive passages of MRC-5 cells for three runs of each type of trypsin.  
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Table-6.2: Suitability for cell culture. 

Passage 

No. P-1 P-2 P-3 B-1 B-2 B-3 R-1 R-2 R-3 

28 24 24 25 24 22 25 24 23.5 24 

29 26 28 27 25 26 25.5 26 25.5 26 

30 28 27 26 26 24 27 28 26 24 

31 26 25 26 25 26 26 27 25 26 

32 24 26 25 26 24.5 25.5 25.5 26 26.5 
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b)  
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d)  

 

Figure-6.2. Suitability for cell culture.  

Serial propagation of MRC-5 cells was carried out using 175 cm
2
 TCF for five 

successive passages using various trypsin. The cell counts of flasks incubated at 36ºC 

trypsinized after 4-days after every passage were taken. Comparative cell counts, in 

millions, of all the samples, were plotted for five consecutive passages. Figure a), b) and 

c)  show results of individual  studies with Pangaea, Biogenomics and Richcore trypsin; 

while d) shows comparative results of all trypsins by taking their average results.  

 

3.3 Senescence Study of MRC-5 cells: 

 

Cell culture suitability study was continued further till passage-60 using 

respective trypsin types to evaluate the effect on senescence pattern of MRC-5 cells. 

Table-6.3 shows the results obtained in the senescence study. As the cells grow older, the 

cell counts of a confluent monolayer goes on decreasing with the passage number of 

cells. The initial cell count of TC flasks at passage-32 was gradually decreased till 

passage-50 from 22 to 12-14 millions per TCF. The pattern of cell counts and doublings 

obtained for recombinant trypsins was comparable to that obtained for normal porcine 

trypsin. After passage-50, the cells were healthy however cell growth was slowed down; 

while after passage-55, the cells started showing granularity in the cytoplasm and the 

monolayer confluence was not seen. 
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Table-6.3: Senescence study of MRC-5 cells. 

Passage No. P B R 

32 21 23 22 

33 25 26 26 

34 24 25 25 

35 23 26 25 

36 23 24 24 

37 21 24 23 

38 20 21 23 

39 20 22 22 

40 20 22 20 

41 19 20 20 

42 18 19 19 

43 16 19 18 

44 16 18 18 

45 15 18 17 

46 15 18 17 

47 14 17 15 

48 13 17 14 

49 14 15 13 

50 12 14 13 

51 10 12 11 

52 9 11 11 

53 9 10 10 

54 8 10 9 

55 7 9 8 

56 6 8 7 

57 6 8 7 

58 5 7 7 

59 5 7 6 

60 4 6 5 

P denotes Porcine trypsin of Pangaea make while B and R denote Recombinant  

All cell counts are expressed in millions.  
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Figure-6.3 Senescence study of MRC-5 cells. 

TC flasks with human diploid (MRC-5) cells were propagated up to passage-60 using 

recombinant trpsins. All the cell counts were taken from 175 cm
2
 TC flask trypsinized 

after 4 days of incubation at 36±1
o
C at every passage. A pattern of decreasing cell 

counts was seen after plotting cell counts against passage number. The senescence 

pattern was found to be consistent and comparable for both types of trypsins throughout 

all the passages. All cell counts are expressed in millions. 

 

3.4 Suitability for Measles Virus production: 

 

The results of virus titres for three experimental lots using all the three types of 

trypsins were obtained and compared with each other. Measles virus grown on MRC-5 

cells gives a range of virus titers based on the extent of infection and the harvesting 

period after infection. A comparable trend of virus titres was observed for all the types of 

trypsins. Table 6.4 gives harvest-wise virus titers obtained in three experimental runs of 

each type of trypsin. 
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Table-6.4 Suitability for Measles virus production.  

Harvest 

No. P-1 P-2 P-3 B-1 B-2 B-3 R-1 R-2 R-3 

1 5.325 5.231 5.45 5.388 5.263 5.481 5.45 5.2 5.356 

2 5.481 5.388 5.481 5.575 5.45 5.544 5.513 5.388 5.544 

3 5.263 5.138 5.138 5.513 5.013 5.263 5.45 4.95 5.2 

4 5.356 5.544 4.95 5.356 4.794 5.419 5.356 4.731 4.856 

5 5.388 4.575 5.044 5.388 4.731 5.106 5.325 4.575 4.981 

6 5.294 4.669 4.919 5.263 4.7 4.981 5.138 4.513 4.888 

7 5.325 4.919 5.044 5.263 4.981 5.106 5.2 4.856 5.075 

8 5.419 4.981 5.231 5.419 5.013 5.231 5.356 4.981 5.231 

All virus titres are average values of three runs expressed as log10CCID50 / 0.5ml 
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b) 
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d) 

 

Figure-6.4 Suitability for Measles virus production.  

The figures show Measles virus titers produced using various types of trypsins. Graphs 

a), b) and c) indicate results of three individual runs of each type of trypsin; while d) 

indicates average values of three runs. The virus titer values are expressed as 

log10CCID50/0.5ml. A pattern of virus titers obtained throughout the harvests is typical 

for a combination of substrate and a virus strain. The virus titer pattern obtained for 

Edmonston-Zagreb Measles virus strain grown on human diploid (MRC-5) cells 

propagated using both recombinant trypsins was consistent and comparable with that of 

conventional porcine trypsin. 

 

3.5 Suitability for Rubella Virus production: 

 

The results of virus titres for three experimental lots using all the three types of 

trypsins were obtained and compared with each other. Rubella virus grown on MRC-5 

cells gives a range of virus titers based on the extent of infection and the harvesting 

period after infection. A decreasing virus titre trend was observed in subsequent harvests 

and a comparable trend of virus titres was observed for all the types of trypsins. Table 6.5 

gives harvest-wise virus titers obtained in three experimental runs of each type of trypsin. 
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Table-6.5 Suitability for Rubella virus production.  

Harvest 

No. P-1 P-2 P-3 B-1 B-2 B-3 R-1 R-2 R-3 

1 5.2 5.575 5.575 5.263 5.638 5.513 5.075 5.513 5.575 

2 5.2 4.95 5.325 5.138 5.138 5.388 4.888 5.013 5.388 

3 5.138 5.325 5.263 5.263 5.075 5.2 5.263 5.263 5.388 

4 5.2 5.138 5.263 5.2 5.2 5.263 5.138 5.2 5.45 

5 5.263 5.2 5.263 5.075 5.2 5.138 5.138 5.138 5.2 

6 5.075 4.888 5.138 5.2 4.825 5.45 5.013 5.013 5.388 

7 4.95 4.763 5.013 4.95 5.138 5.013 4.888 4.95 5.138 

8 4.638 4.638 4.825 4.95 4.7 4.888 4.7 4.638 4.638 

9 4.825 4.638 4.45 4.888 4.513 4.575 4.638 4.575 4.575 

10 4.575 4.2 4.45 4.575 4.325 4.575 4.45 4.388 4.388 

All virus titres are average values of three runs expressed as log10CCID50 / 0.5ml 
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b) 

 

 

c) 

 

 

 

 

 

4 

4.5 

5 

5.5 

6 

1 2 3 4 5 6 7 8 9 10 

V
ir

u
s 

T
it

re
 (

lo
g
C

C
ID

5
0

/0
.5

m
l)

 

Harvest No. 

Rubella Production using Biogenomics Trypsin 

Run-1 

Run-2 

Run-3 

4 

4.5 

5 

5.5 

6 

1 2 3 4 5 6 7 8 9 10 

V
ir

u
s 

T
it

re
 (

lo
g
C

C
ID

5
0

/0
.5

m
l)

 

Harvest No. 

Rubella Production using Richcore Trypsin 

Run-1 

Run-2 

Run-3 



Chapter-6  

 

101 

 

d)  

 

Figure-6.5 Suitability for Rubella virus production.  

The figures show Rubella virus titers produced using various types of trypsins. Graphs 

a), b) and c) indicate results of three individual runs of each type of trypsin; while d) 

indicates average values of three runs. The virus titer values are expressed as 

log10CCID50/0.5ml. A pattern of virus titers obtained throughout the harvests is typical 

for a combination of substrate and a virus strain. The virus titer pattern obtained for RA 

27/3Rubella virus strain grown on human diploid (MRC-5) cells propagated using both 

recombinant trypsins was consistent and comparable with that of conventional porcine 

trypsin. 

 

3.6 Suitability for Mumps Virus production: 

 

The results of virus titres for three experimental lots using all the three types of 

trypsins were obtained and compared with each other. Mumps virus grown on chicken 

embryo culture gives a range of virus titers based on the extent of infection and the 

harvesting period after infection. A comparable trend of virus titres was observed for all 

the types of trypsins. Table 6.6 gives harvest-wise virus titers obtained in three 

experimental runs of each type of trypsin. 
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Table-6.6 Suitability for Mumps virus production.  

Harvest 

No. P-1 P-2 P-3 B-1 B-2 B-3 R-1 R-2 R-3 

1 6.575 6.794 6.888 6.481 6.888 6.95 6.294 6.794 6.825 

2 6.513 6.575 6.763 6.7 6.638 6.825 6.419 6.575 6.731 

3 6.388 6.513 6.544 6.388 6.575 6.575 6.45 6.481 6.513 

4 6.45 6.45 6.138 6.481 6.45 6.075 6.231 6.419 5.95 

5 6.2 5.45 5.731 6.2 5.575 5.575 6.075 5.325 5.544 

6 5.981 5.45 5.138 6.075 5.45 5.169 6.2 5.388 4.95 
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b) 

 

 

c) 

 

 

 

 

4 

4.5 

5 

5.5 

6 

6.5 

7 

7.5 

1 2 3 4 5 6 

V
ir

u
s 

T
it

re
 (

lo
g
C

C
ID

5
0

/0
.5

m
l)

 

Harvest No. 

Mumps Production using Biogenomics Trypsin 

Run-1 

Run-2 

Run-3 

4 

4.5 

5 

5.5 

6 

6.5 

7 

1 2 3 4 5 6 

V
ir

u
s 

T
it

re
 (

lo
g
C

C
ID

5
0

/0
.5

m
l)

 

Harvest No. 

Mumps Production using Richcore Trypsin 

Run-1 

Run-2 

Run-3 



Chapter-6  

 

104 

 

d) 

 

Figure-6.6 Suitability for Mumps virus production.  

The figures show Mumps virus titers produced using various types of trypsins. Graphs a), 

b) and c) indicate results of three individual runs of each type of trypsin; while d) 

indicates average values of three runs. The virus titer values are expressed as 

log10CCID50/0.5ml. A pattern of virus titers obtained throughout the harvests is typical 

for a combination of substrate and a virus strain. The virus titer pattern obtained for L-

Zagreb Mumps virus strain grown on chicken embryo culture prepared using both 

recombinant trypsins was consistent and comparable with that of conventional porcine 

trypsin. 

 

3.7 Stability study of trypsin solutions: 

 

All the three types of preparations were stored up to eight months at 2-8
o
C & -

20
o
C temperatures. The results of trypsin activity values of samples of all trypsins taken 

after every month were analysed for trypsin activity. At 2-8
o
C there was around 30% loss 

in trypsin activity over a period of 8 months, while at -20
o
C there was practically no loss 

in trypsin activity. Table 6.7 provides values of trypsin activity of all the three types of 

preparations when stored up to eight months at 2-8
o
C & -20

o
C temperatures.  
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Table 6.7: Stability of trypsin solutions 

 

Month(s) 

Temp. of Storage: 2-8
o
C Temp. of Storage: -20

o
C 

U/ml U/ml U/ml U/ml U/ml U/ml 

P B R P B R 

1 363 668 778 441 769 836 

2 320 684 670 338 555 745 

3 264 577 660 351 713 902 

4 180 515 604 371 705 843 

5 240 465 585 355 686 795 

6 249 490 570 385 650 825 

7 175 488 559 394 695 859 

8 264 474 551 414 728 952 

All the values are expressed as BAEE units/mg 

a) 
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b) 

 

 

Figure-6.7 Stability for Trypsin solutions.  

The samples of all the trypsin solutions stored at 2-8
o
C and -20

o
C were taken out after 

every month up to eight months. The figures show comparison of extent of degradation of 

trypsin activity of various types of trypsins. Graphs a) indicates results of trypsin 

solutions stored at 2-8
o
C; while b) indicates trypsin solutions stored at -20

o
C. The values 

are expressed as BAEE units/mg. It was observed that, there was marginal degradation 

of trypsin activity up to 8 months of storage at 2-8
o
C; however there was practically no 

loss of trypsin activity at -20
o
C. 

 

3.8 Statistical analysis: 

 

The statistical analysis of results of cell suitability experiments by one-way 

ANOVA test and Paired t-test showed that the that the differences between the values of 

all experiments were statistically insignificant at 95% confidence interval, thereby 

showing that the results of recombinant trypsins are comparable with those of 

conventional porcine origin trypsin.  
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4. Discussion:  

 

Porcine trypsin is used as a cell dissociation reagent in tissue culture technology. 

These preparations are nothing but acetone extracts of pig pancreas and normally contain 

mixture of other enzymes such as chymotrypsin, elastase, caboxypeptidase, kallikriens, 

and insulinase, effects of which on cell culture are not completely understood. The 

preparations of these acetone extracts are further mixed with lactose to adjust the 

potencies. This trypsin has been successfully used for last many decades for commercial 

scale manufacturing of tissue culture based vaccines and other biological products. 

However, being an animal origin material, it has a potential to introduce porcine 

adventitious agents into the final product. Recently, there has been an example of 

rotavirus vaccine contaminated with porcine circovirus DNA derived from porcine 

trypsin used in developmental studies. 

 

Recombinant Porcine trypsin is prepared by expressing synthetic gene or trpsin in 

suitable microorganisms such as E. coli, Pichia pastoris etc. It is available in pure form 

and does not contain other contaminating enzymes. Being prepared using synthetic gene, 

its use in place of porcine trypsin eliminates the risk or porcine adventitious viruses. 

Recombinant trypsin preparations have been shown suitable for trypsinization of few cell 

lines such as Vero, CHO, etc. However, the available information is very limited. The 

study in this research was aimed at evaluating possibility of using recombinant trypsin 

for few cell based vaccine manufacturing processes at a commercial level. 

 

Recombinant trypsin samples from two different manufacturers were evaluated 

for suitability of cell culture of human diploid (MRC-5) cells with porcine origin as a 

control. Human diploid (MRC-5) cells are having a definite life-span, therefore, the long 

term effect of recombinant trypsins, if any, on senescence was also studied up to passage-

60. The recombinant trypsin samples were also evaluated for suitability on virus culture 

using Measles and Rubella viruses. The Biogenomics make trypsin powder has been 

manufactured using recombinant bacterium, Escherichia coli expressing the porcine 

trypsin gene, whereas the Richcore make trypsin powder was manufactured using 

recombinant yeast Pichia pastoris expressing synthetic trypsin gene [3,4,5,6]. The 

pattern of trypsinization of MRC-5 cells using both the recombinant trypsin solutions 

was comparable to conventional porcine trypsin. The attachment, morphology and 
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confluency were found to be satisfactory, as observed under the microscope from time to 

time during sequential passaging experiments. Senescence study on MRC-5 cells, sub-

cultured till passage-60, using recombinant trypsin was comparable with that obtained for 

conventional trypsin. 

 

Suitability studies with Measles and Rubella viruses showed that the virus growth 

curve patterns as well as harvest-wise virus titres were comparable with those obtained 

using conventional porcine trypsin. Both recombinant trypsins were also found suitable 

for preparation of primary chicken embryo culture (CEC) and subsequent production of 

Mumps virus using CEC as substrate. Stability profile of trypsin activity of all the three 

types of trypsin solutions when stored at 2-8
o
C & -20

o
C temperatures was comparable. 

Trypsin activity was retained better at -20
o
C when compared to storage at 2-8

o
C. 

 

5. Conclusion: 

 

All the three trypsins were comparable with respect to cell culture suitability, 

effect on senescence of MRC-5 cells, primary chicken embryo culture as well as their 

suitability for Measles, Rubella and Mumps Vaccine Production. Based on the results 

with respect to all the important parameters, recombinant trypsin proves to be the best 

alternative to animal origin trypsin, thereby eliminating the risk of adventitious agents 

entering into the manufacturing process of above viral vaccines.  
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1. Introduction: 

 

Bovine sera are the predominant potential source of adventitious contaminants 

introduced in cell culture based products. Use of serum free media for cell cultures looks 

to be the most promising approach for eliminating the risk of such adventitious agents. In 

last few decades, many attempts have been made to explore serum free cell culture 

media, especially for some mammalian and insect cell cultures. However, changing over 

to such serum-free media is a time consuming process and it requires extensive literature 

survey to find out appropriate media formulations [1]. Due to complex and poorly 

defined nature of serum, it is a challenging job to develop serum free media for growing 

cell cultures as a complete replacement of animal serum.  

 

In vitro development of tissue culture technology needs provision and proper 

control over essential parameters such as temperature, pH, osmolarity and oxygen supply 

[2,3]. It is necessary to device tissue culture media that provide all essential nutrient 

components such salts, hormones, growth factors for optimum propagation of cell 

cultures [2,3,4,5,6,7,8]. In addition to inorganic nutrients, majority of the cell cultures, 

especially anchorage dependent, need animal sera as a nutritional supplement [9].  

 

1.1 Background: 

 

Serum is a poorly defined mixture of components which provides a variety of 

organic components which are required for different functions in cell cultures, such as  

 Growth factors and hormones 

 Binding and transport proteins 

 Attachment and spreading factors 

 Additional amino acids, vitamins and trace elements 

 Fatty acids and lipids 

 Protease inhibitors 

 Detoxification (due to binding and inactivation) 

 (Colloid) osmotic pressure 

 Reduction of shear stress 
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With increasing issues of risks associated with animal derived raw materials in 

recent years, it has become important to explore possibility of developing serum free 

tissue culture media for increasing the safety of vaccine manufacturing process. There 

have been some successful attempts in designing serum free media for few suspension 

cultures like CHO cells, which are the base for many biological products. However, till 

date no serum free media could be developed for anchorage dependent human diploid 

cells, mainly because these cells are not transformed and need rather complex serum-free 

media supplemented with several growth factors and hormones. The initial attempts were 

made to replace serum with protein hydrolysates of bovine origin. However, these media 

still contained components of animal origin like BSA, protein hydrolysates, growth 

factors, transport proteins, amino acids, vitamins etc. and therefore, not sufficient to 

eliminate the risk of anima origin adventitious agents.  

 

The replacement of major components of animal derived serum is still some how 

difficult because of important functions they perform. Few major components of serum 

included in devising serum free media are described below – 

 

A) Albumin 

 

         It is a major protein of serum and it facilitates transport of important components 

such as lipids, hormones, amino acids, peptides and globulins, etc. In addition, albumin 

also acts as a detoxifying agent for substances such as heavy metals, endotoxins, and free 

fatty acids. It also acts as a buffer and offers protection against shearing forces. Some of 

the transporting functions of albumin can be replaced by the addition of peptones. 

 

B) Transferrin 

 

 It is a common ingredient of serum-free media because it transports Fe-ions to the 

cells. Almost every cell line has transferrin receptors integrated in cell membrane. At 

present transferrin is still serum-derived and there is no recombinant transferrin available. 
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C) Trypsin inhibitors 

 

 Trypsinization is very important step involved in passaging of all adherent cells and 

this is normally achieved by the use of Trypsin-EDTA. Detachment of cells is very 

convenient for cells cultured in serum-containing medium, because serum contains 

protease inhibitor like α-1 anti trypsin that inactivates trypsin. The serum-free media is 

devoid of anti-trypsin activity. 

 

Formulations which are mostly animal origin free are reported not to be able to 

sustain a cell growth rate equivalent to FBS and to only allow a few sub-cultivation steps 

before an early senescence is observed.  

 

1.2 Selection of the process: 

 

The aim of this study was to evaluate the use of available serum-free media for 

their suitability for growing anchorage dependent human diploid MRC-5 cells. Two 

recently developed serum-free tissue culture media were selected for this study. All 

important parameters of cell culture were monitored during study. 

 

2. Materials and Methods: 

 

Serum-Free media used – 

 

 MP Biomedicals; Cat No. 2013354, 2013326 for MRC-5 micro-carrier culture 

 Biological Industries; Bio-MPM-1 for anchorage dependent cells 

 

 Above two types of media were evaluated for propagation of one of the most 

fastidious human diploid MRC-5 cells in 175 sq cm TC flasks. Tissue culture flasks with 

confluent monolayer of MRC-5 cells grown for 4 days using MEM supplemented with 

10% FBS were taken. They were trypsinized and further seeded in new TC flasks with a 

seeding count of 10 million cells per flask using the serum-free media to be evaluated. 

MEM supplemented with 10% FBS was used as a control. Cell suitability was evaluated 

by comparing the cell morphology, monolayer confluence and cell counts obtained for 

cultures at every passage.  
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3. Results: 

 

 In first passage itself, the flasks supplemented with serum-free medium showed 

very poor attachment, the cells in monolayer showed granular morphology and the cell 

counts of 4-5 days incubated TC flasks showed less than 50% cells compared to control 

TC flasks. Furthermore, during next passage, these cells after trypsinization and seeding 

in to new TC flasks with same serum-free medium showed negligible attachment and no 

cell growth after incubation of 4-5 days.  

 

 

 

Figure-7.1 Cell suitability of serum-free media.  

Passage-0: Seeding cell count; Passage-1: Cell counts after one passage. 

A: MP Biomedicals SFM; B: Biological Industries SFM; C: MEM with 10% FBS 

MRC-5 cells in 175 cm
2
 TCF were passaged using three types of media. The cell counts 

of flasks incubated at 36ºC trypsinized after 4-days after passaging were taken. The cell 

counts of all the samples were compared. MEM with 10% FBS showed doubling of cell 

count; while two serum free media did not show any increase in cell count.  
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4. Discussion: 

 

Foetal bovine serum (FBS) is an essential raw material as a supplement for 

conventional cell culture media. However, due to animal origin, it poses a significant 

threat of adventitious agents in tissue culture based products. Considering the 

significance of serum-free media, attempts are continuously being made to develop such 

media for anchorage dependent cell cultures. In the recent past, there have been few 

successful attempts to develop serum-free media for few cell cultures such as CHO cells; 

even though, as a consequence, these cells were adapted to grow in suspension cultures. 

Attempts were made to evaluate few such media for their suitability for growing 

anchorage dependent human diploid MRC-5 cells. It was observed that, in first passage 

itself, these serum-free media could not support growth of MRC-5 cells. Due to peculiar 

nutritional requirements, still no serum-free media have been successfully developed for 

adherent cell cultures. As such, the plan of further cell culture evaluation and subsequent 

virus culture suitability of serum free media could not be continued.  

 

5. Conclusion: 

 

 Considering fastidious nature of cells and requirement of complex nutrients, no 

serum-free media have been yet successfully developed for anchorage dependent cells, 

which can totally replace serum containing media. Further more, adaptation of cells to 

serum-free media, establishment of cell banks and optimization of revival and subsequent 

propagation of cells using serum-free media is a very challenging work and the research 

in this topic needs a long way to go ahead.  
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1. Evaluation of all experiments & their usefulness: 

 

The aim of this thesis work was to evaluate various methodologies for 

minimizing the risk of adventitious agents entering in to vaccine manufacturing process 

through the raw materials of animal origin. The main focus of work was given on the 

evaluation of methodologies which can either inactivate or remove adventitious viruses 

or which can replace the animal derived raw materials used in the vaccine manufacturing 

process. Two animal origin raw materials which are essentially required in the 

manufacturing of viral vaccines are Trypsin & Foetal Bovine Serum (FBS). Trypsin has 

been found to introduce the contaminants such as porcine, circovirus, etc. in the 

established products and FBS is also found to harbor many potentially threatful viruses 

such as BVDV, BTV, etc.  

 

Selection of source of animal derived raw materials plays major role in the 

reduction of a risk associated with such adventitious agents. The selection of porcine 

origin trypsin instead of bovine origin reduces the risk of BSE/TSE & other bovine origin 

adventitious agents. However, it poses some risk of viruses associated with porcine 

origin, such as Circoviruses, Parvoviruses etc. This risk can be minimized by carrying 

out extensive testing of trypsin for such viruses. However, due to various limitations in 

the testing methodologies rarely such viruses can get introduced into the product. The 

sourcing of FBS also plays a vital role in reducing the risk of bovine origin adventitious 

viruses to great extent. An extensive surveillance of BSE/TSE agents circulating in 

various regions all over the world is continuously going on. Based on the observations, a 

list of countries with the extent of BSE/TSE risk is frequently updated by The World 

Organization for Animal Health (OIE). This helps to select the appropriate source of FBS 

to be used for manufacturing of viral vaccines. The regulatory guidelines for the selection 

of biological origin raw materials used for manufacturing purpose also get updated from 

time to time as per the latest inventions of newer adventitious agents. Such guidelines 

provide assistance in the selection of source of raw materials as well as provide a list of 

all the likely adventitious viruses and testing methodologies to detect them. 

 

There have been continuous advancements in the scientific field for either 

inactivation or removal of potential contaminating viruses or finding out alternate non-

animal origin raw materials to completely eliminate this risk. There is considerable 
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information available on such methodologies. However, an in depth evaluation of such 

methodologies needs to be done for their prospective use in the commercial vaccine 

manufacturing processes. During such evaluation methods mini-scale models of unit 

operations of manufacturing process were used. The success in such evaluations can give 

a good confidence of their usefulness at a large scale by increasing the number of such 

mini-scale operations.  

 

Chapter 3 provides details of evaluation of a recently developed ultraviolet (UV-

C) irradiation process. The salient features of this method for inactivation of virus are, 

the simplicity in operations, requirement of less technical skill for routine use, 

effectiveness in inactivating many viruses, desired output required for the large scale use, 

safety in operation, etc. The evaluation was done for two parameters viz. virus 

inactivation efficiency and any probable effect on the nutritional properties of cell culture 

media. The data showed substantial inactivation of majority of the model viruses used in 

the study. The post-treatment media were found to retain their nutritional properties 

comparable to un-treated media. The output was also scalable to the desired level of high 

scale of operation. The UV-C irradiation technology can therefore be considered suitable 

for treatment of nutrient media used in the upstream processing for minimizing the risk 

of adventitious viruses. 

 

Chapter 4 provides details of evaluation of gamma irradiated FBS. The process of 

inactivation of microorganisms by gamma irradiation is a quite old & proven technology. 

The dose size can be varied as per the sustainability of material to be sterilized. There is 

substantial data generated over the years on the extent of inactivation of many viruses 

with the varied dose size. Gamma irradiation is a specialized technology making use of 

radioisotopes requiring skilled operators and also necessary permissions from the 

regulatory authorities. The gamma radiation can be performed at a wide temperature 

range including sub-zero temperature. However, it is also known to affect the nutritional 

properties of culture media. Therefore, the main focus of this study was to evaluate use 

of gamma irradiated FBS for the growth of most fastidious human diploid cells, any long 

term effect on their life cycle and virus production capabilities of these cells. The 

performance of gamma irradiated FBS was found to be comparable with non-gamma 

irradiated FBS for propagation of human diploid (MRC-5) cells, primary chicken embryo 

culture and Measles, Mumps & Rubella virus titre trends using above substrates. The use 
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of gamma irradiated FBS as a nutritional supplement in media used for upstream 

processing of tissue culture based vaccines looks to be a more safe option to minimize 

the risk of adventitious agents. 

 

Chapter 5 gives details of evaluation of virus retention filters. In last few decades, 

use of such filters has been employed as a terminal part of downstream processes in 

manufacturing of many biological products. Typically these are 20nm filters and they 

have been validated for removal of smaller viruses like parvoviruses. However, in case of 

live attenuated viral vaccines, it is not practically possible to use virus filters at the end of 

manufacturing process. As such, it can be explored for removal of potential adventitious 

viruses during filtration of media containing animal derived raw materials. During this 

study, few commercially available virus retention filters were evaluated for filtration of 

media and the effect of filtration on growth supporting abilities. During these 

experiments, important parameters such as operational pressure, the output as well as 

safety concerns of process were also studied. The virus removal capacity of filters and 

growth promoting properties filtered media were satisfactory; however, very low output, 

requirement of very high operational pressures and high operational cost were the 

limiting factors for implementation of this process at high scale. One needs to develop 

robust and safe processes with a high throughput required for manufacturing scale. 

 

Chapter 6 provides details of evaluation of recombinant trypsin for the 

manufacturing of tissue culture based vaccines. In recent years, few animal component 

free trypsins have been successfully developed by recombinant technology. This 

recombinant trypsin completely eliminates the risk of adventitious agents associated with 

porcine origin trypsin. The conventional porcine trypsin isolated from pancreas is a 

partially purified preparation and contains a mixture of trypsin, chymotrypsin and other 

components. Although this trypsin has been successfully used over decades for tissue 

cultures, the exact use of individual components is not completely known. Two 

commercially available recombinant trypsins wee obtained for study. Recombinant 

trypsins are in pure form and do not contains chymotrypsin and other proteins. As such, 

suitability of recombinant trypsins was evaluated for propagation of cell cultures over 

number of successive passages was performed for one of the most fastidious human 

diploid MRC-5 cells. Both recombinant trypsins were found to be suitable for 

propagation of MRC-5 cells up to their senescence. They were also found to be suitable 
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for primary chicken embryo cultures. The trends of Measles and Rubella viruses 

produced on MRC-5 cells as well as Mumps virus produced on CEC were found to be 

comparable with porcine trypsin. The use of recombinant trypsin as an alternative to 

porcine trypsin can completely eliminate the risk of adventitious agents arising from 

porcine trypsin.  

 

Chapter 7 covers details of evaluation of serum free tissue culture media. The use 

of animal serum has been one of the essential needs for manufacturing of tissue culture 

based products. In order to avoid potential hazards of using animal derived raw materials, 

lots of efforts are being made to design serum-free tissue culture media in last few 

decades. Few media containing additives such as protein hydrolysates, growth factors, 

transport proteins, amino acids, vitamins, etc. were also devised to reduce the use of 

FBS. However this does not completely eliminate the threat of adventitious viruses. 

There have been some successful attempts in designing chemically defined media for few 

suspension cultures like CHO cells, which are the base for many biological products. 

Attempts were made to adapt human diploid cells using such media, however due to 

unsatisfactory results, this work was stopped. Because of fastidious nature of nutritional 

requirements of anchorage dependent cells, till date there no serum-free media have been 

successfully developed which can be universally accepted for all anchorage dependent 

cell cultures. As such, further plans of evaluation of serum free media could not be 

performed.  

 

2. Extent of success in achieving goals of work: 

 

The use of ultraviolet (UV-C) irradiation was proved to be effective in 

inactivating majority of the viruses and this technology can be implemented for pre-

treatment of FBS containing media. Alternately, the use of gamma irradiated FBS was 

also found to be suitable for cell culture as well as subsequent production of virus 

production. The use of recombinant trypsin showed equivalent performance to that of 

conventional porcine origin trypsin for cell culture as well as subsequent production of 

virus production. Therefore, a combination of the use of ultraviolet (UV-C) irradiation 

technology or gamma irradiation technology and recombinant trypsin were found to be 

suitable, scalable and practicable options to minimize the risk of adventitious agents 

arising from FBS and trypsin.  
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3. Limitations and future scope of work: 

 

The use of virus retention filters was found to be efficient for removal of viruses 

without affecting nutritional qualities of cell culture media, However, the technology of 

virus retention filters needs further research to overcome its limitation viz. increase in the 

safety of operations needing high positive pressure applications, make it cost effective, 

increase the output of process, etc. Regarding serum free media, few such media have 

been successfully devised and introduced for growing some types of sturdy cells such as 

CHO, Vero, etc. However, lot of research is needed to develop such media that can be 

suitably used for a wide variety of anchorage dependent cell cultures or to adapt the cell 

lines with reduced percentage of animal sera and finally to get fully adapted cells for 

serum free media.  

 


