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Promotion and protection of national and international public health through
research, surveillance, regulation, control, prevention, communication, counseling and
training activities.
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IMMUNOLOGY UNIT
COCCIA’S TEAM INVESTIGATES:

ü Immune-pathogenic mechanisms of
infectious diseases and escaping
strategies evolved by pathogens;

ü gene expression in response to infectious
agents;

ü immunotherapy of infectious diseases;
ü alternative experimental model to test in

vitro vaccine pyrogenicity and potency.
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“VACCINE BATCH TO VACCINE BATCH 
COMPARISON BY CONSISTENCY TESTING” 
PROJECT (VAC2VAC)
OBJECTIVES AND AMBITION

ü Develop, optimise & evaluate non-animal methods that 
cover key-parameters for demonstrating batch 
consistency, safety and efficacy

ü (Pre-)validate methods and define with regulators
guidance for regulatory approval and routine use

Proof of concept of consistency approach 
for batch release testing of established vaccines 

using sets of in vitro and analytical methods

Report on pyrogenicity assessment of human Tick-
borne encephalitis virus (TBEV) vaccine (ENCEPUR®)
using monocyte activation test (MAT) in human PBMC.

§ To replace the existing pyrogenicity test in rabbit by
performing the monocyte activation test MAT assay
described in the European Pharmacopoeia by using
human peripheral blood mononuclear cells (h-PBMC).
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TICK-BORNE ENCEPHALITIS VIRUS (TBEV)

§ Flavivirus
§ Small enveloped virus
§ Positive-sense, single-stranded RNA
§ 3 structural proteins

ê
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NO INTRINSIC PYROGENICITY



(1) Background Document on Vaccines and Vaccination against Tick-borne 
Encephalitis  [Vaccine. 2011 ;29(48):8769-70]

(2) Tick borne encephalitis virus vaccines.[Vaccines pp. 841-856]

Source: Kollaritsch et al., (1)

PRODUCTION PROCESS

Barrett et al., 2008 (2)

Risk of cellular, viral, 
bacterial and fungal 

contaminations
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Background+Document+on+Vaccines+and+Vaccination+against+Tick-borne+Encephalitis


Exogenous Pyrogens
bacteria, virus, fungi

Innate Immune System
monocytes, macrophages 
neutrophils, dendritic cells

Endogenous Pyrogens
TNF-a, IL-1b, IL-6

HypothalamousPGE2Fever

Testing of pyrogens in chemicals or biologicals, including vaccines, prior to 
batch release is relevant

PYROGENS: WHAT THEY TRIGGER?
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PYROGEN/ENDOTOXIN TESTS (I)

RPT- Rabbit pyrogen test
(Qualitative measurement of endotoxin and non-endotoxin pyrogens)

“The test consists of measuring the rise in body
temperature evoked in rabbits by the intravenous
injection of a sterile solution of the substance to be
examined” (Chapter 2.6.8 Ph. Eur.).

BET-Bacterial endotoxin test / LAL – Limulus amebocyte lysate test
(Limit /quantitative test of endotoxin; does not detect not-endotoxin pyrogens)

“The test is used to detect or quantify endotoxin
from gram-negative bacteria using amebocyte
lysate from the horseshoe crab (Limulus
polyphemus or Tachypleus tridentatus)” (Chapter
2.6.14 Ph. Eur.).
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PYROGEN/ENDOTOXIN TESTS (II)

The test is used to quantify endotoxin from gram-
negative bacteria by mean of a non-animal-derived
reagent namely Recombinant Factor C. (Coming soon
as chapter 2.6.32 Ph. Eur.).

“The MAT is used to detect or quantify
substances that activate human monocytes or
monocytic cells to release endogenous mediators
such as pro-inflammatory cytokines, for example
TNF-a, IL-1b and IL-6” (Chapter 2.6.30 Ph. Eur.).
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èrFC- Recombinant factor C test
(Quantitative measurement of endotoxin)

èMAT- Monocyte activation test
(Semi-quantitative/quantitative measurement of endotoxin and non-endotoxin pyrogens)



MONOCYTE ACTIVATION TEST
- workflow -
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22 ± 2 h



MONOCYTIC 
CELL LINES

PBMCs WHOLE 
BLOOD

Donor 
variability

Donor 
variability

Very low 
variability

For 
unspecified 
pyrogens

For known 
pyrogens

For 
unspecified 
pyrogens

Presence of 
cytokines and 
antibodies in 
plasma

Basal activation 
due to PBMC 
isolation 
procedures

[MONO-MAC-6 
AND THP1]

[MONONUCLEAR 
CELLS]

[POLIMORFONUCLEAR 
AND MONONUCLEAR 
CELLS]

CELL SOURCE FEATURES
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RABBIT PYROGEN TEST (RPT) VS MONOCYTE 
ACTIVATION TEST (MAT) (I) 
STATE OF ART FOR VACCINE TESTING

ü RPT: multivalent DTwP-HepB vaccine, vaccines against HepB,
rabies, TBEV, pneumococcal and meningococcal polysaccharide
vaccine;

ü MAT: Neisseria meningitidis group B vaccine (BEXSERO®);
Salmonella vaccine (Typhim Vi® - ANSM communications to
OMCL annual meeting – Sarajevo 2018);

ê
MAT is not applied so far for the batch release of 

other vaccines
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ü MAT is a non-animal alternative to the RPT (in agreement with the
3Rs principle);

üSince RPT was originally developed to test pyrogens in parenterals
(administered intravenously in large volume), the method is not
appropriated for testing pyrogens in intramuscularly or subcutaneously
administered vaccines (dilution is needed);

üMAT execution (from purchase of material/animals to data report) is
quicker with respect to the RPT;

ü MAT allows the testing of human vaccine in human setting;

ü MAT incubation time (22 ± 2 hours) is longer than RPT one (3
hours), thus allowing the detection of delayed inflammatory
response.

RPT VS MAT (II) 
PROS AND CONS
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Vaccines 2015, 3 322 
 

 

onset of encephalitis in children. Pertussis vaccination coverage dropped precipitously in some countries 
(such as the United Kingdom), and vaccination against pertussis was halted in others (Sweden), resulting 
in national pertussis outbreaks of a magnitude not seen for decades [7,8]. The response of the scientific 
community was to search for purified antigens (or sub-units) capable of inducing a protective immune 
response and with improved reactogenicity profiles [9]. The resulting acellular pertussis vaccines 
containing between one and five purified antigens demonstrated lower rates of local and systemic 
reactions after vaccination compared with whole-cell vaccines [10]. Nevertheless, the duration of 
immunity induced by acellular pertussis vaccines appears to be shorter than expected [11–13], 
underlining the need for regular booster doses in older children as well as in adolescents, adults and the 
elderly. At the same time, the search continues for improved pertussis vaccines that induce more durable 
protection [14]. 

Other new vaccine approaches were developed to address a range of technical and implementation-related 
challenges. For example, recombinant technologies allowed the production of vaccines for pathogens 
unable to be grown in vitro. Pathogens with multiple disease-causing strains/serogroups required 
methods to combine multiple antigens into a single vial. Efforts were also made to improve vaccine 
acceptance and coverage using complex multi-valent vaccines targeting multiple different diseases in 
the same injection. 

While vaccines containing a limited number of purified antigens generally have improved safety 
profiles compared with live-attenuated and whole-pathogen vaccines, they are also often less immunogenic 
due to the removal of pathogenic features of the organism (Figure 1) [15]. 

 

Figure 1. Balancing immunogenicity and tolerability. 

Adjuvant

Pathogen

Replicating 
Live-attenuated pathogen

Non-replicating
Inactivated 

whole-pathogen

Subunit
Toxoids, split virus,

fragments of pathogens

Purified antigens
Antigens, 

recombinant proteins

Purified antigens
+  Adjuvant

single adjuvant or
combinations

Immunogenicity decreasing

Tolerability improving 

Adjuvants are added to restore or 
improve immunogenicity to 

antigens, with as little impact as 
possible on tolerability

CHARACTERISTICS OF ANTIGENS AND 
ADJUVANTS USED IN LICENSED VACCINES

Alberta Di Pasquale et al. Vaccines doi:10.3390/vaccines3020320
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METHOD A
QUANTITATIVE TEST

METHOD B
SEMI-QUANTITATIVE 

TEST

METHOD C
REFERENCE LOT 

COMPARISON

MAT METHODS

Method A involves a comparison of the product examined
with standard endotoxin dose-response curve. The
contaminant limit concentration (CLC) of the preparation
being examined is to be less than the contaminant limit
concentration to pass the test.

Method B involves a comparison of the product examined
with standard endotoxin. The contaminant concentration
of the product is to be less than the CLC to pass the test.
The highest product concentration must be chosen for
the pass decision, unless otherwise justified and
authorized.

Developed to address extreme donor variability in
response to certain product containing high level of
pyrogen contaminants. Method C involves a comparison
of the preparation being examined with a validated
reference lot of that preparation.
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SETTING OF MAT CONDITIONS FOR THE TICK-
BORNE ENCEPHALITIS VIRUS (TBEV) VACCINE (I)

ü IL-6 was chosen as read-out providing the robust production as compared 
to TNF-α and IL-1β after PBMCs stimulation with RSE, and the two non-
endotoxin TLR agonists R-848 and FSL-1.
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ü The MAT optimized for the TBEV vaccine was set-up by using as cell source 
cryopreserved peripheral blood mononuclear cells (PBMCs). According to 
Ph.Eur., human PBMCs have been qualified:
§ PBMCs remain viable (≥ 95%) when stored at -196°C up to 18 months;
§ Reproducibility of the response to scalar doses of reference standard

endotoxin (RSE) at 12 and 18 months after PBMC freezing.
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SETTING OF MAT CONDITIONS FOR THE 
TBEV VACCINE (II)

ASSURANCE OF CRITERIA FOR ENDOTOXIN 
STANDARD CURVE

METHOD VALIDATION FOR NON-ENDOTOXIN 
MONOCYTE-ACTIVATING CONTAMINANTS

TEST FOR INTERFERING FACTORS

INTERFERENCE IN THE DETECTION SYSTEM
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ACTIVE SUBSTANCE: TBEV inactivated by formaldehyde - ENCEPUR®-;
EXCIPIENTS: Aluminum hydroxide, TRIS buffer, sucrose. Traces of tetracycline, 
gentamicine, neomycine and formaldehyde.

Cell source: human peripheral
blood mononuclear cells (PBMCs);

Read-out: IL-6 release;

V1, V2, V3: Defined vaccine serial
dilution;

E1, E2, E3, E4, E5: RSE chosen
serial dilutions showing a linear
correlation.

19
02/12/2019 1 S T D C V M N  3 R S  E X P E R T S  W O R K I N G  G R O U P ,  D E C E M B E R  

2 N D ,  2 0 1 9  – B A N G K O K

IL
-6

Re
co
m
b
EL
IS
A

Bl
an
k

CE
LL

Bl
an
k

SETTING OF MAT CONDITIONS FOR THE 
TBEV VACCINE (III): PLATE LAYOUT



ü First application of MAT to a vaccine; 

ü Recombinant fusion proteins NHBA and fHbp and recombinant 
protein NadA of MenB; MenB outer membrane vesicles (OMV);

ü OMV contain: endotoxin, porins, peptigloglycan, muramylpeptides, 
lipoproteins (highly pyrogenic);

ü To test MenB vaccine by RPT, higher dilutions are needed then in MAT;

ü Successful application of Method C: data expressed as “Relative 
Pyrogen Units” with respect to a reference vaccine lot.
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APPLICATION OF MAT TO 
MENIGOCOCCAL B (MenB) VACCINE



ü MenB vaccine is distributed in several countries, which do not
perform local testing for batch release. In these countries
(Australia, Argentine, Canada, Chile, Brazil, Turkey, Israel, New
Zealand, Hong Kong), the OCABR released by European NCLs is
sufficient to get market authorization for a MenB vaccine lot. In
addition, the company provides the summary protocol, including all
the results obtained on the distributed lot, through internal testing;

ü FDA and USP position remains vague, although recently, MAT and
RPT comparison test on the same vaccine lots has been
requested.

EUROPEAN NCLs PERFORMING MAT
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MenB VACCINE BATCH RELEASE 
OUTSIDE EUROPE



WHO REQUIREMENTS FOR RPT 
- State of art -
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SUMMARY AND CONCLUSIONS

ü MAT is intended as a replacement of the rabbit pyrogen test;
ü The method has been already described in the general chapter of

the Ph. Eur. and therefore does not require re-validation per se
while tests for product (vaccine)-specific optimization are needed;

ü MAT represents a human setting for testing human vaccines;
ü MAT sensitivity could be adjusted to face the heterogenicity of

vaccine formulation: ranging from the possibility to chose between
primary cell or monocytic cell to three different methods of analysis;

ü To rule out the presence of endotoxin and non-endotoxin pyrogens
in vaccines, the MAT could be a useful tool during development of
the production process (R&D), manufacturing process or for batch
release;

ü Pharmacopoeia harmonization is not too far since China has
announced MAT implementation in the Pharmacopeia for 2020
while Health Canada and the National Institute of Health Science in
Japan are on the way.
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