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What can affect vaccine quality and safety?

 Starting materials (seed, cell line, raw materials, etc.)

 Manufacturing practices

 Adventitious agents

 Quality control criteria and methods 

 Process design and control

 Product purity

 Drug substance impurity profile

 Formulation stability

 Shipping and cold chain



The Journey of a Vaccine 
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Vaccine PD Strategy

 Use un-optimized processes to generate clinical supplies (Fast-to-Efficacy) 
& Develop commercial process, methods, formulations during clinical 
development

– Pros: Speed
– Cons: Another PD phase is required

 Use more rigorous methods & formulation for all clinical trials (Front-Load)
– Pros: Single development phase
– Cons: Slower to clinic

 Use either method based on product risk profile (Hybrid)
– Low risk  “Front Loading” (established vaccine; Pneumoccocal, HPV, etc.)

– High risk  “Fast-to-Efficacy” (new vaccines; i.e. HepE, HFMD, Chikungunya, 
Staphylococcus, etc.)

Adopted from: Geoffrey Slaff, Bioprocess International Meeting, Boston, 2005



Factors Affecting Vaccine Quality
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Bioburden control



Manufacturing Process and Contraints
Biocontamination or cross-contamination can occur at different stages of the 
process and for various reasons:

 Raw material

 Cleaning or Sterilization procedures

 Buffer and Media Preparation

 USP / Cell culture

 DSP

Sterile ≠ Closed processSterile ≠ Closed process



Manufacturing of Vaccine Process
Buffer and Media 
Preparation

 USP:
 Cell amplification open 

steps under laminar
flow

 DSP: 
 Direct Open steps are 

perfomed under
Laminar Flow

 Indirect open steps are 
still happening 

Media / Buffer Prep

Clarification by depth filtration 

Nuclease Treatment

Inactivation

Centrifugation / TFF

IEX Chromatography

DNA removal by UF/DF

Formulation by UF/DF

Sterile Filtration

Drug Substance

Batch CultureCell Amplification



Examples of issues due to Bioburden

FDA warning letter to ID Biomedical Corp., a subsidiary of GSK 
Biologicals, 12 Jun 2014
………. manufacturing processes are inadequate to control bioburden and 
endotoxin. Throughout 2013-2014 the process continued to generate Out of 
Specification (OOS) results for bioburden and endotoxin………….

FDA warning letter to Sanofi Pasteur’s vaccine manufacturing plant in 
Pennsylvania, 30 Jun 2006
……..bioburden sampling size used was not representative of the lot size in 
determining pre-sterile filtration bioburden levels…….

Source: http://www.fda.gov/iceci/enforcementactions/warningletters/2014/ucm401719.htm; accessed 13th Aug 2015

Source: http://www.fda.gov/ICECI/EnforcementActions/WarningLetters/2005/ucm075964.htm; accesses 13th Aug 2015



Examples of issues due to Bioburden

FDA warning letter to Medlmmune, UK, 24 May 2007

………. Three of the five FluMist bulk monovalent lots that exceeded the 
interim bioburden action limits were used in the formulation of final product 
(lots 600147, 600153, and 600157). We acknowledge that the subsequently 
filtered monovalent lots and the final vaccine product resulting from those 
lots met all specifications. However, based on FDA's experience, there is a 
high probability that the observed cGMP deviations, if not corrected, would 
substantially increase the risk of product failures. ………….

Source: http://www.fda.gov/ICECI/EnforcementActions/WarningLetters/2006/ucm076398.htm; accessed 13th Aug 2015



Two Key Regulatory References on Bioburden

“80. The bioburden should be monitored before sterilisation. There should 
be working limits on contamination immediately before sterilisation, which 
are related to the efficiency of the method to be used. Bioburden assay 
should be performed on each batch for both aseptically filled product and 
terminally sterilised products.”

- EMA Vol 4, Annex 1 – Annex 1 Manufacture of Sterile Medicinal Products, 2008

“It is important to characterize the microbial content (e.g., bioburden, 
endotoxin) of each component that could be contaminated and establish 
appropriate acceptance limits.”

“The manufacturing process controls should be designed to minimize the 
bioburden of the unfiltered product. Bioburden of unsterilized bulk solutions 
should be determined to trend the characteristics of potentially 
contaminating organisms.”

- US FDA Sterile Drug Products Produced by Aseptic Processing, 2004
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General guidelines on bioburden control

 Paying attention to handling of open process steps

 Environmental bioburden control and monitoring

 In-process checks

 Monitor and control bioburden of product, container,                             
and closure

 Bioburden control of WFI and excipients

 Minimum possible process time and hold steps

 Introduction bioburden reduction filtration



Where can bioburden reduction filtration be 
implemented in vaccine process?

Locations for bioburden control (depends on risk assessment)



Typical vaccine manufacturing flow diagram 
for a liquid sterile drug product (final steps)

 In-process control bioburden 
sample pulled immediately prior 
to sterile filtration step

 Validation of the sterilization 
process

Source: Field R, Yang H, Murphy D, Alvino J, Chang S. (2003) Bioburden Control at the Sterile Filtration Step: A risk-based approach. CASSS, CMC Europe, 06 May 2013
Yang H, Li N, Chang S. (2013) A Risk-based Approach to Setting Sterile Filtration Bioburden Limits. PDA J Pharm Sci Technol. 2013 Nov-Dec;67(6):601-9.



Why is paying attention to bioburden control 
at the PD stage is important?
 Performance of unit operation can be impacted (Chromatography, TFF)

 Product stability and degradation can be impacted (formulation stability)

 Analytical interference (QC testing)

Benefits:
 Robust scale-up
 Easy to troubleshoot process issues



Take away message

Pay attention to bioburden control and monitoring 
during process development



TFF operating conditions can have 
an impact on product stability



Concentration Profiles in a TFF Process

Cb = product concentration in bulk solution [g/L]
Cw = product concentration at membrane [g/L]
Cf = product concentration in filtrate [g/L]
k = mass transfer coefficient [L/m2*h]
 = product osmotic pressure [bar]

QF

TMP Qf

QR

Cb

Cw

membrane

membrane

k

 Cf

QF = feed flow rate [L/h]
Qf = filtrate flow rate [L/h]
PF = feed pressure [bar]
PR = retentate pressure[bar]
Pf = filtrate pressure [bar]



How TFF can impact product quality

 Aggregation 
 Stability issues due to over concentration

 Poor selection of buffers

 Air-liquid interface

 Sheering
 High pressure

 Wrong pump selection

 Poor tank and system design

 Product degradation
 Air-liquid interface – poor tank design

 High recirculation rate and process time

 Temperature



Microfiltration: Best done by Permeate 
Controlled operation





Consideration for TFF operation to manage 
product quality impact
Aggregation 

 Select low binding membrane

 Operate in controlled polarization mode (balance pump flow and pressure)

 Select buffers compatible to product

 Know the effect of product stability over required concentration range

Sheering
 Avoid high pressure operation and large pressure drops

 Select low shear pump (peristaltic or low speed sanitary lobe pump)

 Use sanitary valves and fittings. Avoid reducers in TFF system pipeline

Product degradation
 Avoid air-liquid interface (ensure retentate/diafiltrate lines are submerged)

 Maintain homogeneity (ensure feed tank is well-mixed)

 Optimize pump rate (product recirculation)





Take away message

Pay attention to impact of technology or tools on 
antigen aggregation and degradation during 

process development



Nucleic acid removal



Vaccine and hcDNA

 Viral vaccines and biological products contain contaminating residual 
DNA from cell substrate

 Primary and diploid cell based vaccines is not of concern, but continuous 
cell line is a concern due to potential oncogenicity

WHO Expert Committee on Biological Standardization says................. 
“DNA considered as cellular contaminant rather than risk factor which 
requires removal to extremely low levels”

 The amount of residual cell-substrate DNA in a vaccine will depend on 
the vaccine and the manufacturing process 

- protein/subunit (e.g., HBV)
- inactivated virus (e.g., IPV, influenza virus)
- live, attenuated virus (e.g., OPV, MMR, varicella)
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Regulatory requirement on Purity and Safety 
- Residual DNA content

10 ng/dose

WHO 1998

100 pg/dose

WHO 1987
Vero* and MDCK*

Based Viral Vaccine

40 pg/dose

Per.C6
Adeno-HIV

10 pg/dose

HepB (CHO)
EU Pharmaco

* Non tumerigenic at the passage of production. 
* DNA <10 ng/dose commonly accepted

EMEA position on tumerigenic cells of human origin
DNA as low as possible with risk assessment study

FDA: Case by case
Reduce size (<200bp) 

and amount (<10ng/dose)

29



Interference caused by nucleic acids

Increase of viscosity
 Impedes liquid handling 

 Extended risk of proteolytic attack

 Reduced efficiency of separation methods
(filtration, centrifugation, chromatography)  

Formation of protein/nucleic acid complexes
Changes in virus / protein characteristics

Unpredictable purification 
(shift in pI, retention times etc.) 
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How to remove residual DNA
 Precipitation (Acid/base treatment, organic solvent)

- Ex. Conjugated polysaccharide vaccine
 Treatment by β-propiolactone (BPL) 

- Ex. Killed viral vaccine
 Adsorptive Depth Filters

- Inactivated Polio
 Chromatographic methods

- Bind and elute (chromatography media)
- Flow Through (membrane absorber)

 Nuclease treatment – regulatory authorities recommend
- HepA, LAIV, Rabies, HPV

 Tangential Flow Filtration (TFF)
- Several vaccines
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Clearance of Benzonase® digested DNA from 
Influenza vaccine (Pellicon® 2, Biomax® 300kDa)

 Lane 1 – Marker (100 BP)

 Lane 2 – Undigested DNA in 
Feed

 Lane 3 – After Benzonase®

digestion

 Lane 4 – Post Recirc retentate

 Lanes 5, 6, 7, 8 – Retentate
samples after 1, 3, 5, 8 DV

 Lane 9 – Permeate at 5DV

1    2     3 4     5     6      7     8     9 

1    2     3 4     5     6      7    8     9 



Diafiltration of Residual Benzonase®
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99.5% clearance at 5 diavolumes and > 99.9%  (3 log) clearance 
after 8 diavolumes across the UF/DF step

®



Fractogel® SO3 for removal of spent 
Benzonase from AAV vaccine process

Fractogel® SO3¯

SOURCE: Chahal et al., Journal of Virological Methods 139 (2007) 61–70.

Adeno-assocuated virus (AAV) and 
DNA can form aggregates, since there 
is a net positive charge on AAV at pH 
7.5 and negative on DNA

Digesting cellular DNA in by adding 
Benzonase® in lysis buffer prevents 
binding of DNA to AAV during and 
after the cell rupture step

 Lysis Buffer: 50mM Tris, 2mM MgCl2
and 5U of Benzonase®/million cells at 
pH 7.5
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Take away message

Integrate nucleic acid removal as one of the 
essential product quality and safety criteria during 

process development phase



Quality of Formulation Excipients 
impacts drug product safety



Typical Composition of Vaccine 
Formulations
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Solvents

Buffers/ pH adjustments
Tonicity adjustments

Preservatives/
Antioxidants

Sweetening agents

Surfactants
Stabilizers

Antigen1-2%

95%

3%

Ex
ci

pi
en

ts

...this is a very generalized overview, 
other compositions are possible

Thickeners



Some considerations for chemicals (ICH Q6)

Critical impurities Measures of control
Potential process-related impurities  Impurity profiling: covers manufacturing 

process and raw material
 Residual solvents and catalysts
 Non-animal origin

Bioburden, endotoxines, enzymatic
activity

 Production designed to eliminate such 
impurities or to prevent from potential 
contamination

 GMP zone concept in manufacturing 
and downfilling

Leachables and extractables from 
transport containers

 Rigid qualification principles for primary
and secondary packaging material

 Stability studies for solids
 Leachables/extractables studies for

liquids



Bio quality: 
may also be used
as excipient, if of
pharmacopoeial
grade Exp quality: 

may also be used
as process material 
(if applicable) API quality

may also be used
as excipient

Choose the right type of quality –
partly interchangeable

 CCM / Bio Process material:  
intended to be removed from 
the final formulation

 Exp and API: 
Constituents of the 
drug product

Drug Product
(Formulation)

Bio
Exp

API

CCM



Understanding source of variability in 
excipient is critical for product quality

Source: Joseph Kushner (2015) Incorporating QbD Excipient Variability into Pharmaceutical Drug Product 
Design and Development: Perspective from an Excipient User, BioPharma Asia, May/June 2015, 42-48. 

Excipients are an essential component of 
robust, commercial pharmaceutical drug 
products. Understanding variability in 
excipient material attributes is an integral 
part of drug product design and 
development.



Case Study: Typhoid vaccine (Vivotif®) has 3.6-
4.4mg Magnesium stearate as stabilizer per dose

Source: Theresa M. Finn and William Egan. Vaccine additives and manufacturing residuals in the United 
States: licensed vaccines. In. Vaccines, ed. Plotkin SA, Orenstein WA, Offit PA. 6th Edition, Elsevier. pp71-79.

List of the Quantitative Material 
Attributes on the Certificate on 

Analysis for the Excipients

Extent of variability and specification 
range of two material attributes for 154 

lots of magnesium stearate
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Product groups

Increasing GMP requirements* for different 
product groups

Emprove®
APIs

ICH Q7 GMP 
•Validated
process

•qualified
equipment

•Master file, 
CEP

•Registration 
at authorities

Emprove®
Excipients

IPEC GMP
•Stability tests

•Validated test
methods, 

•consistent
operation, 

•GMP raw data
document‘n, 

•OOS handling
•4 eye principle

• ISO 9001 QMS 
requirements

* examples, non-exhaustive

Bio 
Process 
Materials

Cell Culture 
Media

Cleaning in 
Place

GMP princip.
•MiBio tests

•Q approved
prod batch rec.

•On-site audit
•Annual report



Take away message

Select appropriate excipient early in the process, 
preferably at PD or process characterization 

phase to ensure final product quality and safety



Summary
 Pay attention to bioburden control and monitoring during process 

development

 Select technology or tools used in vaccine processing with clear 
understanding of it’s impact on vaccine aggregation, antigen sheering 
and degradation

 Integrate nucleic acid removal as one of the essential product quality 
and safety criteria during PD phase

 Select appropriate excipient early in the process, preferably at PD or 
process characterization phase to ensure final product quality and 
safety
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