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BACKGROUND

Vaccines are a fundamental weapon in our arsenal to provide 
effective protection against infectious diseases. Vaccines induce 
immune responses in the form of two types of antibodies: 
1) those that bind pathogen antigens, but do not confer any 
functional immune responses, and 2) those that bind pathogen 
antigens and are functional in promoting the elimination of the 
pathogen or pathogen-infected cells to provide protection 
against infection or reduce disease severity [1].

Functional antibodies may act alone or in conjunction with other 
host defense mechanisms, such as the complement system [2]. 
Quantitative tests such as the enzyme-linked immunosorbent 
assay (ELISA) measure immunogenicity of vaccines by detecting 
antibody binding to protective and nonprotective pathogen- 
specific epitopes; however, binding alone does not guarantee 
that the antibodies can effectively destroy the pathogen and 
protect the host from disease [3,4].

Functional immunoassays such as the opsonophagocytic killing 
assay (OPKA), the serum bactericidal assay (SBA) and neutralizing assays 
measure both immunogenicity and functional antibody immune responses. For 
certain pathogens, such as Streptococcus pneumoniae and Neisseria spp., these functional immunoassays have been 
correlated with vaccine efficacy [1,5].

Primary sources of complement serum include healthy human blood donors, baby rabbits and guinea pigs [6,7]. 
Pel-Freez Biologicals has supplied Baby Rabbit Complement and Guinea Pig Complement to vaccine developers for 
many years. Recently, Pel-Freez Biologicals has developed Antibody Depleted Human Complement, which overcomes 
several of the common limitations of traditional non-human complement sources. 

This white paper is intended to serve as a technical guide for vaccine developers and professionals tasked with sourcing 
complement sera for vaccine immunogenicity and efficacy testing and provide information for sourcing complement 
serum for a variety of vaccine development applications.
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Pel-Freez Biologicals has 

supplied complement serum 
throughout the 

development life cycle for many 
successful vaccine programs. This 

white paper is intended to help 
vaccine developers source the 

correct complement based on the 
type of vaccine and assay 

needed.    

Figure 1. Strategy for vaccine immunogenicity and efficacy testing. A) Following vaccination, B) antibodies are produced specific for 
the pathogen targeted by the vaccine. C) The recipient’s serum is collected for measurement of functional antibodies specific to the 
pathogen. Since the recipient’s own complement proteins would destroy the target pathogen, the serum is heat-inactivated to destroy 
inherent, or endogenous, complement activity. D) The serum is then tested via the serum bactericidal or opsonophagocytic killing 
assay using a second, or exogenous, source of serum that retains complement activity.
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Table 1. Complement usage throughout the vaccine development life cycle.
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Figure 2. Immunogenicity and efficacy tests rely heavily on exogenous human and baby rabbit complement serum throughout the 
vaccine development life cycle.  
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Prior to clinical vaccine studies in humans, small quantities of complement sera are needed (100 mL – 1 L) to            
establish SBA or OPKA protocols. Once Phase I clinical studies begin, the volume of complement serum required in 
testing will increase (1 L – 10 L) for vaccines that induce complement-dependent immune responses. As the 
number of vaccine tests increase in Phase II, complement serum usage will likely increase several-fold. Phase III 
clinical testing requires the largest volume of complement serum for the very large number of tests required. While 
complement serum requirements decrease following licensure, post-licensure monitoring studies will continue to 
demand substantial volumes of qualified complement. Other studies conducted to measure functional immunity 
induced by the vaccine throughout the life cycle such as vaccination in particular geographic areas, among 
particular age groups and/or the combination of the vaccine among these groups or with other vaccines will also 
require complement serum [8]. Qualification of replacement complement serum is absolutely critical for Phase III 
clinical testing and beyond and must be considered throughout vaccine development [9]. Primary sources of 
complement are human serum with interfering antibodies removed or immunologically-naïve 3-4 week rabbits.
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SERUM BACTERICIDAL ASSAY

The serum bactericidal assay is commonly used to 
test vaccine efficacy for Gram-negative bacteria 
species [13]. Gram-negative bacteria have an 
outer membrane and a thin peptidoglycan layer 
that is susceptible to direct lysis by complement 
proteins via the membrane attack complex (MAC). 

OPSONOPHAGOCYTIC KILLING ASSAY

The opsonophagocytic killing assay is commonly 
used to test vaccine efficacy for Gram-positive 
bacteria species [14,15,16]. Gram-positive bacteria 
have a thicker protective peptidoglycan outer layer 
that is more resistant to direct lysis by the complement membrane attack complex as compared with Gram-negative 
bacterial species. Due to this resistance, bacterial lysis relies on the help of phagocytes that recognize complement proteins 
attached to IgG and IgM antibodies on the surface of the bacteria. 

Pneumococcal Strains

Phagocytes

Baby Rabbit Complement
IgG/IgM Depleted Human  

Complement

Meningococcal Strains

10% 50% 75% 100%

Bacterial Survival

Serum Dilution

1:4 1:8 1:16 No Serum

3
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Cytoplasmic
membrane

Peptidoglycan

Outer membrane

Figure 4. Bacterial cell wall and outer membrane structure determine 
susceptibility to complement-mediated lysis. A) Gram-negative species 
include Escherichia coli, Neisseria gonorrhoeae and Neisseria 
meningitidis. B) Gram-positive species targets include Staphylococcus 
aureas and Streptococcus pneumoniae.

Figure 3.  Principle of complement-based functional immunogenicity assays.

IMMUNOGENICITY ASSAY PRINCIPLE

Immunogenicity assays are used to measure functional antibodies elicited following vaccination. Figure 3 below 
provides a schematic diagram of the assay design: Step 1) Serum from a vaccine recipient is heat-inactivated to 
destroy endogenous complement activity, serially diluted, and then mixed with a constant amount of exogenous 
complement serum. Step 2) The mixture is combined with the target pathogen then plated on growth medium to 
observe pathogen survival in the presence of antibodies and complement. Step 3) Following incubation, the 
serum-complement-bacteria mixture is streaked onto agar plates and incubated again to visualize the reduction of 
colonies due to complement activation and subsequent lysis of bacteria. Step 4) Colonies are counted to determine 
the dilution that results in 50% reduction of bacteria.

Two of the most common sources of exogenous complement serum for clinical studies are immunologically-naïve 
rabbits and healthy humans. Regulatory agencies may insist on certain complement sources for certain target 
pathogens. As an example, the World Health Organization (WHO) has designated baby rabbit complement (BRC) as 
the preferred source of exogenous complement for opsonophagocytic killing assays (OPKA) for certain pathogens 
such as Streptococcus pneumoniae [10].  Antibody Depleted Human Complement is a viable alternative for applica-
tions for which human-derived complement is preferred, particularly for Neisseria spp. [11,12].
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CLASSICAL COMPLEMENT PATHWAY
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The Classical Complement Pathway begins with the binding of IgG or IgM antibodies to receptors on the surface of 
bacteria and other pathogens. Complement protein C1, a complex of C1q, C1r and C1s, recognizes several closely-spaced 
monomeric IgG molecules or single pentameric or hexameric IgM molecules following conformational changes in the Fc 
portion of these antibodies. The C1-antibody-antigen complex then triggers a cascade of proteolytic cleavage events 
that lead to the formation of C3 and C5 convertases. First, C2 and C4 bind to C1 forming the C3 convertase. Biologically 
active C3a and C3b fragments are formed following activation of the C3 convertase, each with numerous biological 
functions. C3a plays a role in T cell activation and survival, angiogenesis stimulation, chemotaxis, mast cell 
degranulation, and macrophage activation [17]. C3b is the most versatile of all complement proteins possessing the 
ability to complex with C3 convertase to form C5 convertase while also binding covalently to the target cell surface, 
serving as an opsonin by interacting with phagocyte receptors for target cell recognition and phagocytosis. Following 
activation of C5 convertase, C5 is cleaved into biologically active C5a and C5b fragments. C5a is a highly inflammatory 
peptide, attracting phagocytes and causing mast cells to release histamine. C5b complexes with C6, C7, C8 and C9 
forming the MAC which inserts into the target cell membrane forming a transmembrane pore and osmotic channel 
disrupting the target cell membrane leading to cell lysis [18]. 

Complement serum is collected 
carefully from clotted whole blood 
after centrifugation and contains a 
family of active, heat-labile 
proteolytic proteins that make up 
the complement system. Through 
complement-dependent 
cytotoxicity (CDC) via the classical, 
alternative, and lectin pathways, 
complement proteins work with 
phagocytes and antibodies to 
destroy and clear pathogens from 
the body.
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The Alternative Complement Pathway begins with spontaneous hydrolysis 
leading to cleavage of complement serum protein C3 into C3a and C3b 
subunits, followed by covalent binding of the C3b protease to the microbial cell 
surface. Serum Factor D cleaves serum Factor B into 2 fragments, Ba and Bb, 
followed by Bb binding to the microbial bound C3b to form C3bBb. This C3bBb 
is stabilized by a serum protein, Factor P, also known as properdin, to form 
C3bBbP. C3bBbP, which is still bound to the microbe, functions as a C3 
convertase. Additional free C3 in the serum is cleaved by the C3 convertase 
and a second C3b is incorporated into the complex to form C3bBbPC3b which 
functions as a C5 convertase. C5 convertase then follows the classical path-
way to form the MAC lysing the target cell [19,20].

LECTIN COMPLEMENT PATHWAY

The Lectin Complement Pathway is initiated by the binding of Mannose 
-binding lectin (MBL) or ficolin to pathogen surface receptors activating
Mannose-binding lectin-Associated Serine Proteases (MASPs). While this
pathway is  independent of C1 and does not require antibody-antigen
complexes, C3 and C5 convertases are generated upon activation
leading to MAC formation and target cell lysis [21]. Certain bacteria such
as Salmonella, Listeria and Neisseria species and some fungal pathogens
such as Candida albicans and Cryptococcus neoformans activate the
Lectin Pathway as well as viruses including HIV-1 and respiratory syncytial
virus (RSV) [43].



Viral Uses of Complement

Viruses can be neutralized with complement 
using single or multiple complement pathways. 
The mechanism of viral neutralization includes 
virolysis of cell free virus, phagocytosis of C3b- 
coated viral particles, lysis of virus infected cells 
and aggregation of virions complexed with C1q, 
C3 and C4. Viral assay applications include:

• Micro neutralization assay [22]

• Single-radial hemolysis (SRH) repeatability
assay [23]

Refer to Appendix B for additional uses of 
Complement in viral assays.

ADDITIONAL COMPLEMENT OPTIONS

Guinea Pig Complement

Guinea Pig (GP) Complement has been used historically due to its 3 to 5-fold higher activity via the classical pathway 
as compared to human or rabbit complement serum and improved stability over less common complement sera such 
as mouse or rat [22].
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Keys to Complement Assay Success…

Include proper assay controls to confirm 
low intrinsic bactericidal activity:

• Mix bacteria and complement in
absence of antibody.

• Mix bacteria, antibody and heat-
inactivated complement to confirm
absence of interfering antibodies in the
complement.

Uses of Guinea Pig Complement include:

• Vibrio cholerae [37]
• Salmonella minnesota [36]
• Respiratory Syncitial Virus [43]
• Chandipura Virus [42]

Refer to Appendix A and B for additional uses of 
Guinea Pig Complement.

Other Uses of Complement

Active complement is also used in parasite-based studies f
or the antibody-dependent lysis of trophozoites [54] and 
sporocytes [55].

Refer to Appendix B for additional details regarding the use 
of Complement in parasite-based assays.

“For over a decade Pel-Freez Biologicals has been a 
consistent supplier of high-quality reagents and an 
excellent partner.”

Pfizer Vaccine Research & Development 

“Pel-Freez is our first choice as a supplier for 
biological matrices and complement. Their 
product quality and consistency of product 
lot-tot-lot enables us to develop premier 
bacterial assays in support of the worlds’ 
premier vaccine biopharmaceutical 
companies with confidence.”
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“Pel-Freez's IgG/IgM depleted human complement has been crucial 
for complement-dependent bactericidal assays in my lab. The 
material is of the highest quality, with minimal lot-to-lot 
variation. This reagent has saved us considerable time 
and expense. Pel-Freez’s human complement will be 
invaluable for any lab or company developing 
vaccines that rely on complement activation 
for efficacy.”

Dr. Sanjay Ram
       Professor

Human serum is processed from whole blood acquired from healthy donors in FDA-licensed facilities in the 
U.S. Donors provide informed consent prior to donation. Each unit of blood is tested according to FDA 
guidelines and found to be negative for all required viral markers. 

Pel-Freez Biologicals now o�ers a large scale commercial source of human complement with residual 
antibodies removed for use in vaccine e�cacy testing assays.

Prior to 2017 commercial sources of human complement with the necessary properties for vaccine immunogenicity 
testing and sufficient quantities for long-term clinical trials did not exist. While vaccine developers have established 
methods of removing interfering antibodies to produce viable human complement serum for their SBAs and OPKAs, 
these methods are tedious, consume valuable resources and require lengthy, ongoing trial-and-error testing [24].

Given our established role as a supplier of BRC, we were aware of the need for a commercial source for human 
complement that could be used in assays where human complement is preferred over BRC. Since the majority of 
human blood donors possess a variety of interfering antibodies to vaccine targets, these antibodies must be removed to 
have a viable source of human complement for vaccine immunogenicity tests. We have developed a method to remove 
the IgG and IgM antibodies that cause unwanted intrinsic killing while maintaining sufficient complement potency. 
Beginning with small lots of a few hundred milliliters, we found that the product worked in a variety of applications and 
we successfully scaled our process to 1 L+ lots in late 2018. Now our antibody depleted human complement is available 
for use in vaccine efficacy programs in volumes sufficient to support clinical trials for many years.  

PRODUCT INFORMATION SUMMARY:  ANTIBODY DEPLETED HUMAN COMPLEMENT
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“Human complement is an essential reagent for 
much of our research and product testing. We 
have prepared our own IgG- and IgM-depleted 
complement from donor blood for more than 
20 years and would not consider using a 
commercial product unless it showed consistent 
antibody depletion and complement activity. After 
rigorous testing, we were extremely pleased to find the 
Pel-Freez depleted human complement to meet all our 
needs. This has saved us a considerable amount of time 
and expense allowing us to focus on experiments instead of 
preparing reagents.”

                                                           Dr. Gregory R. Moe
                  Chief Scientific Officer

              OMVax, Inc. 
OMVax, Inc.

Table 2. Pel-Freez Biologicals Antibody Depleted Human 
Complement available pack sizes and specifications.

Since 2017, Pel-Freez Biologicals has supplied large volumes of human complement to vaccine 
developers for multi-strain assays using both the serum bactericidal and opsonophagocytic killing 
formats. This commercial source of human complement has enabled vaccine developers worldwide 
to reallocate their time and resources previously spent on making small quantities of human 
complement to new vaccine discoveries.

Figure 5. Flow chart for the manufacture of antibody depleted human complement.

PRODUCT INFORMATION SUMMARY:  ANTIBODY DEPLETED HUMAN COMPLEMENT
Manufacturing Process Overview

IgG and IgM immunoglobulins are depleted from pooled normal human serum using proprietary methods. Antibody 
depleted complement is 0.2 micron filtered then filled in a variety of pack sizes from 1 mL to 100 mL. Quality control 
assays include residual IgG and IgM content and complement activity via hemolytic titer (CH50). See Figure 5 below 
for an overview of the general manufacturing process.   

Specifications
Product
CodeProduct

Aliquot 
Size

1 mL

2 mL

5 mL

31010-1

31010-2

31010-5

Hemolytic: Titer ≥ 1:100 
Residual IgG & IgM: <3.5%
each vs. feed serum
Typical Lot Size: 1 L to 2.5 L

10 mL

100 mL

31010-10

31010-100

IgG/IgM 
Depleted 
Human
Complement 
Pooled Serum

“Pel-Freez is our go-to provider of essential reagents 
such as Lyophilized Rabbit complement and 
immunoglobulin-depleted human serum. These 
quality products allow us to perform our in-house 
opsonophagocytic killing assay (OPK/OPA) and move 
rapidly on product development. We have ordered 
from Pel-Freez for over a decade and they are always 
willing to go above and beyond in making sure we 
can obtain the right product for our specific research 
needs.”

Dr. Joseph E. Martinez
President, Immune Diagnostics 
Former Vaccine Scientist, CDC

BULK PRICING AVAILABLE

IgG Depletion IgM Depletion Filtration & Filling QC: HPLC & CH50 
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APPENDIX A. Examples of Complement Assays Performed with Bacterial Pathogens

Organism Antibody Source Assay Type
Complement 
Source

Ref.

Borrelia burgdorferi Murine Growth Inhibition 
Assay Guinea Pig   [25]

Chlamydia pneumoniae
Properdin (as a 
Pattern Recognition 
Molecule)

C3b Deposition & 
Intracellular 
Immunostaining of EB

Human   [26]

Escherichia coli Human SBA Human   [27]

Escherichia coli Human OPA Human, BRC   [28]

Escherichia coli Human Viability Staining & 
Bioluminescence Human   [29]

Enteroaggregative 
Escherichia coli

Human C3b Deposition and 
Bacterial Killing Human   [30]

Haemophilus influenzae 
type b Human SBA

BRC, Goats, Horses, 
Bovine Calves, Pigs 
and 8-12 week old 
Rabbits

  [31]

Klebsiella pneumoniae Human
Bacterial 
Luminescence C3 
Opsonization

Human  [32]

Neisseria gonorrhoeae

Human

Human Phagocytic Killing &
C3 Deposition Human  [33]

Neisseria meningitidis SBA Human, BRC  [34]

Salmonella enterica 
serovars

Murine SBA

BRC, Goats, Horses, 
Bovine Calves, Pigs 
and 8 -12 week old 
Rabbits

  [35]

Salmonella enterica 
serovar Typhimurium

Human SBA Human   [36]

Vibrio cholera Human Vibriocidal Antibody 
Assays Guinea Pig   [37]

Bacillus subtillis Viabilty Staining & 
Bioluminescence Human  [29]

Staphylococcus aureus Human

Human

OPA BRC  [38]

Streptococcus agaiactiae
(GBS) Human or OPA BRC  [39]

Streptococcus 
pneumoniae Human OPA BRC  [40]

Streptococcus pyogenes 
(GAS) Human or Rabbit OPA BRC  [41]

Rabbit

Gram-Negative Bacteria Applications

Gram-Positive Bacteria Applications
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APPENDIX B. Examples of Complement Assays Performed with Viral and Parasitic Pathogens

Giardia lamblia
IgM (but not IgG) 
from Symptomatic 
Giardiasis Patients

Human, Guinea Pig     [54]

Plasmodium falciparum
Sporozoite-specific
IgG & IgM Human 
Antibodies

Human   [55]

Organism Antibody Source Complement Source Ref.

Chandipura Virus C1q Human   [42]

Respiratory Syncytial Virus Human Guinea Pig   [43]

Zika Virus C1q BRC    [44]

Vesicular Stomatitis Virus Human Human   [45]

Human Immunodeficiency 
Virus

Human Human    [46]

West Nile Virus Murine BRC    [47]

Sindbis Virus Murine Human    [48]

Epstein-Barr Virus Human Human    [49]

Mumps Virus CV-1 cells Guinea Pig    [50]

Influenza Virus BHK-21 cells Guinea Pig    [51]

Herpes Simplex Virus 2 Human Human    [52]

Hepatitis C Virus Murine and Rabbit Human    [53]

Parasite Applications

Viral Applications
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