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ISTITUTO SUPERIORE DI SANITA’
WWW.ISS.IT

Promotion and protection of national and international public health through
research, surveillance, regulation, control, prevention, communication, counseling and
training activities.
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Dept of Infectious Diseases (DMI)

7 Units (250 researchers & technicians)

DMI research ranges from the fundamental biology to 
the development of new approaches for the 
prevention, diagnosis and treatment of viral, 

bacterial, fungal and parasitic infections

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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§ http://www.imi.europa.eu/
§ http://www.vac2vac.eu/

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

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

OBJECTIVES AND AMBITION
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Monocyte activation test: an in vitro 
method to evaluate the pyrogenic 

content of human vaccine
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Exogenous Pyrogens
bacteria, virus, fungi…

Innate Immune System
monocytes, macrophages 
neutrophils, dendritic cells

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

HypothalamousPGE2Fever

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

PYROGENS: WHAT THEY TRIGGER?
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HOW WE CAN TEST THE PYROGEN CONTENT OF A PRODUCT?

üRabbit Pyrogen test [RPT]
üBacterial Endotoxin test [BET]
üRecombinant Factor C test [rFC]
üMonocytes Activation Test [MAT]

HOW TO CHOOSE AMONG THE DIFFERENT METHODS?
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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 amoebocyte lysate test
(Limit /quantitative test of endotoxin; does not detect not-endotoxin pyrogens)
[Gel-clot method; turbidimetric method and chromogenic method]
“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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BACTERIAL
VIRAL

CHEMICALS
FUNGAL

Bacterial endotoxin test 
by Limulus amoebocyte 
lysate test - LAL

Pyrogen testing by 
Rabbit pyrogen 
test - RPT

ANIMAL-BASED METHODS FOR PYROGEN TESTING

ANIMAL-BASED TESTS
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REPLACE

REDUCEREFINE

Non-animal 
methods

Minimum number of 
animals to obtain 

scientifically consistent 
information 

Decrease of pain, 
severity and distress in 

those animals which 
still have to be used

THE 3Rs PRINCIPLE
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MAT- Monocyte activation test
(Semi-quantitative/quantitative measurement of endotoxin and non-endotoxin pyrogens)

rFC- Recombinant factor C test
(Quantitative measurement of endotoxin)

The test is used to quantify endotoxin from gram-
negative bacteria by mean of a non-animal-derived
reagent namely Recombinant Factor C. (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. These
cytokines have a role in fever pathogenesis. Consequently,
the MAT will detect the presence of pyrogens in the test
sample.” (Chapter 2.6.30 Ph. Eur.).

PYROGEN/ENDOTOXIN TESTS (II)
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BACTERIAL
VIRAL

CHEMICALS
FUNGAL

Bacterial endotoxin 
test by Recombinant 
factor C test - rFC -

Pyrogen testing by 
Monocyte Activation 
test - MAT

ALTERNATIVE METHODS FOR PYROGEN TESTING

ALTERNATIVE TESTS
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VACCINE 

Stimulation with vaccine/reference
standard endotoxin (RSE) or reference
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MONOCYTE ACTIVATION TEST
- Workflow -
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TNF-a, IL-1b or IL-6 quantification 
(commonly by ELISA)

22 h ± 1 h
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üRPT: multivalent DTwP-HepB vaccine, vaccines against
HepB, rabies, pneumococcal and meningococcal
polysaccharide vaccine;

üMAT: Neisseria meningitidis group B vaccine (BEXSERO®);
Tick borne encephalitis virus vaccine (ENCEPUR®); 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

RABBIT PYROGEN TEST (RPT) 
vs 

MONOCYTE ACTIVATION TEST (MAT)
- State of art for vaccine testing -
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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
appropriate for in intramuscularly or subcutaneously administered
vaccines (dilution is needed);

üMAT execution (from purchase of material to data report) is not as long
as RPT;

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

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

RABBIT PYROGEN TEST (RPT) 
vs 

MONOCYTE ACTIVATION TEST (MAT)
- 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. 
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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
For products showing a parallel response respect to the dilutions of standard endotoxin.
Method A involves a comparison of the preparation being examined with a standard
endotoxin dose-response curve.

EUROPEAN PHARMACOPOEIA 9.2 2.6.30. Monocyte-activation test

There are 2 acceptance criteria for the standard curve :
– the regression of responses (appropriately transformed if

necessary) on log10 dose shall be statistically significant
(p < 0.01) ;

– the regression of responses on log10 dose must not deviate
significantly from linearity (p > 0.05) (see chapter 5.3.
Statistical analysis).

6-2. TEST FOR INTERFERING FACTORS
To assure the validity of the test, preparatory tests are
conducted to ensure that the preparation being examined does
not interfere with the test. Using an appropriate diluent, dilute
the preparation being examined in geometric steps, with all
dilutions not exceeding the MVD. Make the same dilutions
of the preparation being examined and add endotoxin at a
justified concentration. Alternatively, use a diluent containing
added endotoxin at a justified concentration. In both cases,
this concentration is usually equal to or near the estimated
middle of the endotoxin standard curve (Method A) or twice
the estimated LOD (Method B). Test these dilution series in
parallel in the same experiment. Use the endotoxin standard
curve to calculate the concentration of endotoxin-equivalents
in each solution. Calculate the mean recovery of the
added endotoxin by subtracting the mean concentration of
endotoxin equivalents in the solution (if any) from that in the
solution containing the added endotoxin. The test solution is
considered free of interfering factors if, under the conditions
of the test, the measured endotoxin equivalents in the test
solution to which endotoxin is added is within 50-200 per cent
of the added concentration, after subtraction of any endotoxin
equivalents detected in the solution without added endotoxin.
When this criterion is not met, Method C is to be preferred
over Methods A and B.
In Method C, the dilutions of the test and reference lots
depend on the type of analysis used to make the comparison
between the two. The type of analysis is to be justified and
validated for each product, and is to include assay validity
criteria. In an example, a solution of the preparation being
examined is tested at 3 dilutions : the highest concentration
(lowest dilution) that stimulates the greatest release of the
chosen read-out and the 2-fold dilutions immediately below
and above the chosen dilution. Since the concentration
that stimulates the greatest release of the chosen read-out
may be donor-dependent as well as batch-dependent, the
product-specific validation is to be performed in at least
3 independent tests, each using cells from different donors.
The highest concentration (lowest dilution) that stimulates
the greatest release of the chosen read-out in the majority of
donors, and the 2-fold dilutions immediately below and above
that dilution are deemed to be validated for further testing. If
undiluted test solution stimulates the greatest release of the
chosen read-out, subsequent testing is to be performed using
undiluted test solution and also test solution diluted in the
ratios 1:2 and 1:4 before its addition to the monocytic cells.
The dilution factors for these 3 solutions are designated f1, f2
and f3.
If the pyrogen content of the product is inherently high, it may
be more appropriate to carry out, for example, a parallel-line
analysis on the dose-response curves for the test and reference
lots. In this situation, solutions of the preparations are tested
at 3 or more geometric dilutions which cover the range of
the dose-response curve used for the validated analysis (see
chapter 5.3. Statistical analysis).
6-3. METHOD VALIDATION FOR NON-ENDOTOXIN
MONOCYTE-ACTIVATING CONTAMINANTS
The preparatory testing is also to show that the chosen
test system detects, in addition to bacterial endotoxins,
non-endotoxin pro-inflammatory or pyrogenic contaminants.
The suitability of the method for the particular product has
to be verified. This can be achieved using historic batches
found to be contaminated with non-endotoxin contaminants
that caused positive responses in the rabbit pyrogens test or

adverse drug reactions in man. Where such batches are not
available, the preparatory testing is to include validation of
the test system using at least 2 non-endotoxin ligands for
toll-like receptors, e.g. peptidoglycans, lipoteichoic acids,
synthetic bacterial lipoproteins, flagellin and crude bacterial
whole cell extract, at least 1 of which is to be spiked into the
preparation being examined. The choice of non-endotoxin
pyrogens used should reflect the most likely contaminant(s) of
the preparation being examined.
6-4. INTERFERENCE IN THE DETECTION SYSTEM
Once the optimum dilution of the solution of the preparation
being examined for further testing has been identified, this
dilution is tested for interference in the detection system
(e.g. ELISA) for the chosen read-out. The agreement between
a dilution series of the standard for the chosen read-out, in the
presence and absence of the preparation being examined, is to
be within, for example ± 20 per cent of the optical density.

7. METHODS
7-1. METHOD A: QUANTITATIVE TEST
Method A involves a comparison of the preparation being
examined with a standard endotoxin dose-response curve.
The contaminant concentration of the preparation being
examined is to be less than the CLC to pass the test.
7-1-1. Test procedure
Using the validated test method, prepare the solutions shown
in Table 2.6.30.-1 and culture 4 replicates of each solution
with the qualified cells.

Table 2.6.30.-1

Solution Solution
Added

endotoxin
(IU/mL)

Number of
replicates

A Test solution/f None 4

B Test solution/2 × f None 4

C Test solution/4 × f None 4

AS Test solution/f
Middle dose

from endotoxin
standard curve

(R3)
4

BS Test solution/2 × f
Middle dose

from endotoxin
standard curve

(R3)
4

CS Test solution/4 × f
Middle dose

from endotoxin
standard curve

(R3)
4

R0

Pyrogen-free
saline or test

diluent
None (negative

control) 4

R1-R4

Pyrogen-free
saline or test

diluent

4 concentrations
of standard
endotoxin

4 of each
concentration

Solution A = solution of the preparation being examined at
the dilution, here designated f, at which the test for interfering
factors was carried out, i.e. the highest concentration
(lowest dilution) for which the endotoxin recovery is within
50-200 per cent.
Solution B = 2-fold dilution of solution A, not exceeding the
MVD.
Solution C = 2-fold dilution of solution B, not exceeding the
MVD.
Solution AS = solution A spiked with standard endotoxin at
a concentration equal to the middle dose from the endotoxin
standard curve (R3).
Solution BS = solution B spiked with standard endotoxin at
a concentration equal to the middle dose from the endotoxin
standard curve (R3).

General Notices (1) apply to all monographs and other texts 4301

* The CLC is defined by considering the vaccine dose, the route of administration and the sensitivity of the set-up 
MAT assay.

PASS/FAIL CRITERIA

ü Criteria for endotoxin standard curve;
ü The endotoxin equivalent content of the

preparation being examined should be
less then the contaminant limit
concentration (CLC)*;

ü The recovery of endotoxin in spiked test
samples should fall within 50-200 %.

PASS
FAIL
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METHOD B: SEMI-QUANTITATIVE TEST
For products/vaccines showing a not parallel response respect to the dilutions of 
standard endotoxin.
Method B involves a comparison of the preparation being examined with standard 
endotoxin. 

2.6.30. Monocyte-activation test EUROPEAN PHARMACOPOEIA 9.2

Solution CS = solution C spiked with standard endotoxin at
a concentration equal to the middle dose from the endotoxin
standard curve (R3).
Solution R0 = negative control.
Solutions R1-R4 = solutions of standard endotoxin at the
concentrations used in the test for interfering factors.
7-1-2. Calculation and interpretation
All data to be included in the data analysis are to relate to
cells for which the 2 criteria for the endotoxin standard curve
are satisfied. For each different cell source, e.g. individual
donation, donor pool, or cell line, use the endotoxin standard
curve R1-R4 to calculate the concentration of endotoxin
equivalents in each of the replicates of solutions A, B and C
and solutions AS, BS and CS. The recovery of endotoxin
equivalents calculated from the endotoxin equivalents
concentration found in solutions AS, BS and CS after
subtracting the endotoxin equivalents concentration found
in solutions A, B and C is within the range of 50-200 per
cent. Dilutions not fulfilling the spike recovery argument
are not valid and are therefore excluded from further
evaluation. The preparation being examined complies with
the requirements of the test for a given cell source if the mean
concentrations of endotoxin equivalents measured in the
replicates of solutions A, B and C, after correction for dilution
and concentration, are all less than the CLC specified for
the preparation being examined. One valid dilution is the
minimum required for a valid test.
7-1-3. Pass/fail criteria of the preparation
When cells from individual donors are used, the preparation
being examined is required to comply with the test with the
cells from each of 4 different donors. If the preparation being
examined passes the test with cells from 3 of the 4 donors, the
test is continued with cells from a further 4 donors, none of
whom provided cells for the 1st test, and the preparation being
examined is required to pass the test with cells from 7 of the
8 different donors (i.e. a maximum of 1 positive reaction in
8 donors is allowed). When the source of monocytes consists
of cells pooled from a number of individual donors, the
preparation being examined is required to pass the test with
1 pool of cells. Where a human monocytic cell line is used for
the test, the preparation being examined is required to pass
the test with 1 qualified passage of cells.
7-2. METHOD B. SEMI-QUANTITATIVE TEST
Method B involves a comparison of the preparation being
examined with standard endotoxin. The contaminant
concentration of the preparation being examined is to be less
than the CLC to pass the test. Solution A must be chosen for
the pass decision, unless otherwise justified and authorised.
7-2-1. Test procedure
Using the validated test method, prepare the solutions shown
in Table 2.6.30.-2 and culture 4 replicates of each solution
with the qualified cells.

Table 2.6.30.-2

Solution Solution
Added

endotoxin
(IU/mL)

Number of
replicates

A Test solution/f None 4

B Test solution/f1 None 4

C Test solution/f2 None 4

AS Test solution/f

Standard
endotoxin at
2 × estimated

LOD for the test
system

4

BS Test solution/f1

Standard
endotoxin at
2 × estimated

LOD for the test
system

4

Solution Solution
Added

endotoxin
(IU/mL)

Number of
replicates

CS Test solution/f2

Standard
endotoxin at
2 × estimated

LOD for the test
system

4

R0

Pyrogen-free
saline or test

diluent
None (negative

control) 4

R1

Pyrogen-free
saline or test

diluent

Standard
endotoxin at

0.5 × estimated
LOD for the test

system

4

R2

Pyrogen-free
saline or test

diluent

Standard
endotoxin at
1 × estimated

LOD for the test
system

4

R3

Pyrogen-free
saline or test

diluent

Standard
endotoxin at
2 × estimated

LOD for the test
system

4

R4

Pyrogen-free
saline or test

diluent

Standard
endotoxin at
4 × estimated

LOD for the test
system

4

Solution A = solution of the preparation being examined at
the dilution, here designated f, at which the test for interfering
factors was completed.
Solution B = solution of the preparation being examined at a
dilution, here designated f1, not exceeding the MVD, chosen
after a review of data from the product-specific validation, e.g.
1:2 × MVD (i.e. 2 times less diluted than the MVD).
Solution C = solution of the preparation being examined at a
dilution, here designated f2, not exceeding the MVD, chosen
after a review of data from the product-specific validation,
e.g. MVD.
Solution AS = solution A spiked with standard endotoxin
at 2 × estimated LOD for the test system (as determined in
preparatory testing).
Solution BS = solution B spiked with standard endotoxin at
2 × estimated LOD for the test system.
Solution CS = solution C spiked with standard endotoxin at
2 × estimated LOD for the test system.
Solution R0 = negative control.
Solution R1 = standard endotoxin at 0.5 × estimated LOD for
the test system.
Solution R2 = standard endotoxin at 1 × estimated LOD for
the test system.
Solution R3 = standard endotoxin at 2 × estimated LOD for
the test system.
Solution R4 = standard endotoxin at 4 × estimated LOD for
the test system.
7-2-2. Calculation and interpretation
All data to be included in the data analysis are to relate to
cells for which mean responses to solutions R0-R4 increase
progressively. The mean response to R0 may be equal to
the mean response to R1. For each different cell source, the
mean response to solution R2 is to be greater than a positive
cut-off value. Data below this cut-off value are considered
negative. If the mean response to R1 or R2 exceeds the cut-off
value, the response to the solution chosen for the pass/fail
decision must be negative (= pass). For each negative solution
of the preparation being examined (A, B and C), the mean
response to the corresponding spiked solution (AS, BS or CS
respectively) is compared with the mean response to R3 to
determine the percentage spike recovery. The contaminant
concentration of the preparation being examined is less than

4302 See the information section on general monographs (cover pages)
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Solution CS = solution C spiked with standard endotoxin at
a concentration equal to the middle dose from the endotoxin
standard curve (R3).
Solution R0 = negative control.
Solutions R1-R4 = solutions of standard endotoxin at the
concentrations used in the test for interfering factors.
7-1-2. Calculation and interpretation
All data to be included in the data analysis are to relate to
cells for which the 2 criteria for the endotoxin standard curve
are satisfied. For each different cell source, e.g. individual
donation, donor pool, or cell line, use the endotoxin standard
curve R1-R4 to calculate the concentration of endotoxin
equivalents in each of the replicates of solutions A, B and C
and solutions AS, BS and CS. The recovery of endotoxin
equivalents calculated from the endotoxin equivalents
concentration found in solutions AS, BS and CS after
subtracting the endotoxin equivalents concentration found
in solutions A, B and C is within the range of 50-200 per
cent. Dilutions not fulfilling the spike recovery argument
are not valid and are therefore excluded from further
evaluation. The preparation being examined complies with
the requirements of the test for a given cell source if the mean
concentrations of endotoxin equivalents measured in the
replicates of solutions A, B and C, after correction for dilution
and concentration, are all less than the CLC specified for
the preparation being examined. One valid dilution is the
minimum required for a valid test.
7-1-3. Pass/fail criteria of the preparation
When cells from individual donors are used, the preparation
being examined is required to comply with the test with the
cells from each of 4 different donors. If the preparation being
examined passes the test with cells from 3 of the 4 donors, the
test is continued with cells from a further 4 donors, none of
whom provided cells for the 1st test, and the preparation being
examined is required to pass the test with cells from 7 of the
8 different donors (i.e. a maximum of 1 positive reaction in
8 donors is allowed). When the source of monocytes consists
of cells pooled from a number of individual donors, the
preparation being examined is required to pass the test with
1 pool of cells. Where a human monocytic cell line is used for
the test, the preparation being examined is required to pass
the test with 1 qualified passage of cells.
7-2. METHOD B. SEMI-QUANTITATIVE TEST
Method B involves a comparison of the preparation being
examined with standard endotoxin. The contaminant
concentration of the preparation being examined is to be less
than the CLC to pass the test. Solution A must be chosen for
the pass decision, unless otherwise justified and authorised.
7-2-1. Test procedure
Using the validated test method, prepare the solutions shown
in Table 2.6.30.-2 and culture 4 replicates of each solution
with the qualified cells.

Table 2.6.30.-2

Solution Solution
Added

endotoxin
(IU/mL)

Number of
replicates

A Test solution/f None 4

B Test solution/f1 None 4

C Test solution/f2 None 4

AS Test solution/f

Standard
endotoxin at
2 × estimated

LOD for the test
system

4

BS Test solution/f1

Standard
endotoxin at
2 × estimated

LOD for the test
system

4

Solution Solution
Added

endotoxin
(IU/mL)

Number of
replicates

CS Test solution/f2

Standard
endotoxin at
2 × estimated

LOD for the test
system

4

R0

Pyrogen-free
saline or test

diluent
None (negative

control) 4

R1

Pyrogen-free
saline or test

diluent

Standard
endotoxin at

0.5 × estimated
LOD for the test

system

4

R2

Pyrogen-free
saline or test

diluent

Standard
endotoxin at
1 × estimated

LOD for the test
system

4

R3

Pyrogen-free
saline or test

diluent

Standard
endotoxin at
2 × estimated

LOD for the test
system

4

R4

Pyrogen-free
saline or test

diluent

Standard
endotoxin at
4 × estimated

LOD for the test
system

4

Solution A = solution of the preparation being examined at
the dilution, here designated f, at which the test for interfering
factors was completed.
Solution B = solution of the preparation being examined at a
dilution, here designated f1, not exceeding the MVD, chosen
after a review of data from the product-specific validation, e.g.
1:2 × MVD (i.e. 2 times less diluted than the MVD).
Solution C = solution of the preparation being examined at a
dilution, here designated f2, not exceeding the MVD, chosen
after a review of data from the product-specific validation,
e.g. MVD.
Solution AS = solution A spiked with standard endotoxin
at 2 × estimated LOD for the test system (as determined in
preparatory testing).
Solution BS = solution B spiked with standard endotoxin at
2 × estimated LOD for the test system.
Solution CS = solution C spiked with standard endotoxin at
2 × estimated LOD for the test system.
Solution R0 = negative control.
Solution R1 = standard endotoxin at 0.5 × estimated LOD for
the test system.
Solution R2 = standard endotoxin at 1 × estimated LOD for
the test system.
Solution R3 = standard endotoxin at 2 × estimated LOD for
the test system.
Solution R4 = standard endotoxin at 4 × estimated LOD for
the test system.
7-2-2. Calculation and interpretation
All data to be included in the data analysis are to relate to
cells for which mean responses to solutions R0-R4 increase
progressively. The mean response to R0 may be equal to
the mean response to R1. For each different cell source, the
mean response to solution R2 is to be greater than a positive
cut-off value. Data below this cut-off value are considered
negative. If the mean response to R1 or R2 exceeds the cut-off
value, the response to the solution chosen for the pass/fail
decision must be negative (= pass). For each negative solution
of the preparation being examined (A, B and C), the mean
response to the corresponding spiked solution (AS, BS or CS
respectively) is compared with the mean response to R3 to
determine the percentage spike recovery. The contaminant
concentration of the preparation being examined is less than

4302 See the information section on general monographs (cover pages)

PASS/FAIL CRITERIA

ü The endotoxin equivalent content of the
preparation being examined should be
less then the CLC;

ü The response to solution R2 should be
higher then an established cut-off value;

ü To determine spike-in recovery, the
mean response of the spiked solution is
compared with the mean response to
R3 (should fall within 50-200 %).

PASS
FAIL
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PASS/FAIL CRITERIA

ü Sum the mean response to solution A, B
and C and the mean response to
solution D, E and F. Divide the sum of D,
E and F with the sum of A, B and C. The
preparation being examined complies
with the test if the resulting value
complies with a defined acceptance
criterion.

PASS
FAIL

METHOD C: REFERENCE LOT COMPARISON
Developed in order to address extreme donor variability in response to certain 
product containing a certain level of endotoxin and/or non-endotoxin pyrogens.
Method C involves a comparison of the preparation being examined with a validated
reference lot of that preparation. The type of analysis selected to compare the two is to be
justified and validated for each product and is to include assay validity criteria.

EUROPEAN PHARMACOPOEIA 9.2 2.6.30. Monocyte-activation test

the CLC for a given cell source if the solution of the preparation
being examined designated for the pass/fail-decision and the
dilutions below all give negative results and the endotoxin
spike recovery is within the range of 50-200 per cent.
7-2-3. Pass/fail criteria of the preparation
The criteria are the same as for method A (see 7-1-3).
7-3. METHOD C: REFERENCE LOT COMPARISON TEST
Method C involves a comparison of the preparation being
examined with a validated reference lot of that preparation.
The type of analysis selected to compare the two is to be
justified and validated for each product and is to include assay
validity criteria. The reference lot is also selected according
to criteria that have been justified and authorised. The test
is intended to be performed in cases where a preparation
being examined shows marked interference but cannot be
diluted within the MVD to overcome the interference or
because it contains or is believed to contain non-endotoxin
contaminants. Responses to non-endotoxin contaminants
may dilute out more rapidly than responses to endotoxin,
which makes it necessary to perform the test at a range of
dilutions that include minimum dilution. The test procedure
is described below and includes an example of a type of
analysis used for the comparison of a test lot and reference lot.
7-3-1. Test procedure
Using the validated test method, prepare the solutions shown
in Table 2.6.30.-3 and culture 4 replicates of each solution
with the qualified cells.

Table 2.6.30.-3

Solution Solution/dilution
factor Number of replicates

A Solution of reference
lot/f1

4

B Solution of reference
lot/f2

4

C Solution of reference
lot/f3

4

D
Solution of

preparation being
examined/f1

4

E
Solution of

preparation being
examined/f2

4

F
Solution of

preparation being
examined/f3

4

G Positive control
(standard endotoxin) 4

R0
Diluent (negative

control) 4

Solutions A, B and C are solutions of the reference lot diluted
by the dilution factors, f1, f2 and f3, determined in the test for
interfering factors.
Solutions D, E and F are solutions of the preparation
being examined diluted by the dilution factors, f1, f2 and f3,
determined for the reference lot in the test for interfering
factors.
Solution G is the positive test control for the viability of the
cells and is a standard endotoxin concentration that gives a
clear positive response.
Solution R0 is the diluent used to dilute the preparation being
examined and serves as the test blank.
7-3-2. Calculation and interpretation
All data to be included in the data analysis are to relate to
cells for which solution G and at least one of solutions A, B
and C give a response that is greater than the basal release of
the read-out (Solution R0). For each different cell source, e.g.
individual donation, donor pool, or cell line, use the standard

curve for the read-out (a calibration curve in duplicate with
a blank and at least 4 geometrically diluted concentrations
of the standard for the chosen read-out) and calculate the
mean responses of the replicates of solutions A-F. Sum the
mean responses to solutions A, B and C and sum the mean
responses to solutions D, E and F. Divide the sum of the mean
responses to solutions D, E and F by the sum of the mean
responses to solutions A, B and C. The preparation being
examined complies with the test for a given cell source if the
resulting value complies with a defined acceptance criterion
not exceeding a justified value, e.g. 2.5.
7-3-3. Pass/fail criteria of the preparation
The criteria are the same as for method A (see 7-1-3).
To quantify more closely the level of contamination,
Methods A, B and C may be performed using other dilutions
of the solution of the preparation being examined not
exceeding the MVD.

The following section is published for information only.

Guidance notes
1. INTRODUCTION
The monocyte-activation test (MAT) is primarily intended
to be used as a replacement for the rabbit pyrogen test. The
MAT detects pyrogenic and pro-inflammatory contaminants,
including endotoxins from gram-negative bacteria and
‘non-endotoxin’ contaminants, including pathogen-associated
molecular patterns (PAMPs), derived from gram-positive and
gram-negative bacteria, viruses and fungi, and product-related
and process-related biological or chemical entities.
Since non-endotoxin contaminants are a physico-chemically
diverse class of molecules, and usually the nature of
the contaminant in a preparation being examined is
unknown, the level of contamination is expressed either in
endotoxin-equivalent units, derived by comparison with
responses to standard endotoxin, or by comparison with a
reference lot of the preparation being examined.
In the MAT, responses to standard endotoxin usually dilute
out over approximatively 1 log10 and responses to products
contaminated with non-endotoxin contaminants (alone
or in combination with endotoxins) often show very steep
dose-response curves, usually over only 1 or 2 dilution steps
when tested for their capability to stimulate monocytes.
Frequently, the largest response to such contaminated
products is obtained with undiluted solutions of preparations
being examined or small dilutions of the preparations being
examined. For this reason test solutions of preparations
being examined that contain or may contain non-endotoxin
contaminants have to be tested at a range of dilutions that
includes minimum dilution.

2. METHODS
2-1. INFORMATION REGARDING THE CHOICE OF
METHODS
Methods A, B and C, are not normally applied where a
preparation being examined has the intrinsic activity of
stimulating the release of the chosen read-out or where
the preparation being examined is contaminated with the
chosen read-out. In both cases, this fact is to be addressed
by modifying and validating the chosen method accordingly.
The product-specific validation of the chosen method would
be expected to identify the frequency of non-responders
to a particular product/contaminant(s) combination and
to identify steps to address this, e.g. screening of donors,
increasing the number of donors per test, and setting pass/fail
criteria of appropriate stringency to maximise the likelihood of
detecting contaminated batches. Method A is not appropriate
if the results of different dilutions (endotoxin equivalents per
millilitre) show that the dose response curve is not parallel to
the standard endotoxin curve. Method B is a semi-quantitative

General Notices (1) apply to all monographs and other texts 4303
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METHOD A
QUANTITATIVE TEST

METHOD B
SEMI-QUANTITATIVE 

TEST

METHOD C
REFERENCE LOT 
COMPARISON

MAT 
METHODS

Not intrinsically 
pyrogenic 
products

Inherently 
pyrogenic 
products
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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

NO INTRINSIC PYROGENICITY
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(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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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.
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SETTING OF MAT CONDITIONS FOR THE 
TBEV VACCINE (III): PLATE LAYOUT
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üRecombinant fusion proteins NHBA and fHbp and
recombinant protein NadA of MenB; MenB outer
membrane vesicles (OMV);

üOMV contain: endotoxin, porins, peptidoglycan,
muramyl peptides, lipoproteins (highly pyrogenic);

üRPT resulted not suitable to test the MenB vaccine;
üRPT was originally developed to test pyrogens in

parenterals administered intravenously in large
volume therefore, the method is not appropriated
for testing pyrogens in intramuscularly or
subcutaneously administered vaccines (extensive
dilutions are needed);

üFirst application of MAT to a vaccine;
üReference Lot Comparison Test (Relative Pyrogen

Units).

APPLICATION OF METHOD C: 
Neisseria meningitidis group B (MenB) vaccine
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WHO REQUIREMENTS FOR RPT 
- State of art -

«With the agreement of the competent authority, alternative methods of analysis may
be used for control purposes, provided that the methods used unable an unequivocal
decision to be made as to whether compliance with the standards of the monographs
would be achieved if the official methods were used» (From General Notice, Ph Eur. 10.0)
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EUROPEAN NATIONAL CONTROLS 
LABORATORIES PERFORMING MAT

HOWEVER…

Although MAT has been successfully implemented for the batch release of Men-B and 
TBEV vaccines, the method is not present in the current version of vaccine specific 
monographs as well as in the general chapter “Vaccines for human use” of Ph. Eur..

Pharmacopoeia harmonization is not too far since MAT monograph has been 
implemented in China, India and Canada Pharmacopoeia.
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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
choose 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.
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