
SUMMARY

Background: a new range of allergy vaccines has

been developed by the introduction of a relatively

new Th1-inducing adjuvant known as 3-deacylated

monophosphoryl lipid A (MPL). MPL adjuvant is of

natural origin, derived from the lipopolysaccharide of

Salmonella minnesota R595. This adjuvant is incorpo-

rated in a glutaraldehyde-modified pollen extract ad-

sorbed to L-tyrosine (Pollinex Quattro). A major po-

tential benefit provided by MPL adjuvant is the

promotion of a Th1 response which enhances the ef-

ficacy of allergy vaccination and can consequently

allow a reduction in the number of injections required

for treatment. The standardisation of Pollinex Quattro

tree pollen allergy vaccine is described and we include

details of some innovative analytical procedures. 

Methods and results: an essential feature of the

analytical strategy is the assay of the MPL adjuvant

using a recently developed HPLC technique. The ad-

juvant has a complex chemical structure and the

analysis is illustrated in detail. We give a full picture

of the vaccine standardisation by describing bioche-

mical and immunological characterisation of the aller-

gen extract, together with some brief manufacturing

details.

Conclusions: a high overall level of standardisa-

tion is illustrated by a number of different tests ap-

plied to all stages of vaccine manufacture. Tree po-

llen allergen potency is measured following the

pollen extraction, chemical modification and formu-

lation as a tyrosine adsorbate. Good batch-to-batch

reproducibility is shown. The HPLC assay for MPL

adjuvant showed high quality resolution which did
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not vary when measuring raw material or when in-

corporated in the vaccine and the technically com-

plex assay is shown to be reliable.
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INTRODUCTION

Inhaled allergens play a major part in respiratory di-

seases; moreover, epidemiological surveys indicate

an increasing prevalence of allergic asthma and aller-

gic rhinitis. Correspondingly, there is an ever-increa-

sing need for effective treatment. Allergy Vaccination

(AV), formerly known as Specific Immunotherapy

(sIT), has been employed as a treatment strategy for

these diseases for most of the 20th century (1). AV is

currently recognised as an efficacious procedure and

able to bring about a more or less permanent remis-

sion after several years treatment (2). A number of

measures that have been introduced to improve vac-

cine safety now include: optimal dosing, allergen mo-

dification (to reduce allergenicity whilst maintaining

immunogenicity) (3), adjuvant adsorbtion (to control

release) (4) and, very importantly, better standardisa-

tion and control of the products. Many allergy vacci-

nes employ alum adjuvants which encourage a

Th2 response in experimental animals (5); alum has

also been shown to encourage strong IgE antibody

responses in clinical studies (6). However, an optimal



allergy vaccine adjuvant would promote a Th1 res-

ponse which should result in a more significant re-

duction of clinical symptoms. This type of beneficial

immunomodulation has been demonstrated using a

new adjuvant, 3-deacylated monophosphoryl lipid A

(MPL adjuvant, Corixa), derived from Salmonella

minnesota R595 (7). The chemical structure of this

adjuvant (which contains three major congeners) is

shown in figure 1. MPL adjuvant was found to sup-

press a specific IgE response following antigen bo-

oster injections in rats (8). Clinical studies have en-

dorsed the use of MPL as an efficacious and

well-tolerated adjuvant in an antimicrobial immunot-

herapy vaccine (9). MPL adjuvant and the depot ma-

terial L-tyrosine have been shown to be synergistic

for Th1 cell stimulation (10).

The expectation of a more efficacious allergy vac-

cine from the inclusion of MPL adjuvant has promp-

ted its clinical application as an additional component

of modern allergy vaccines such as Pollinex Quattro

(Allergy Therapeutics Ltd). These formulations incor-

porating MPL for the AV of grass-pollen allergic pa-

tients have recently been investigated with demons-

trated success in clinical trials (11). Treatment with

Pollinex Quattro comprises an initial course admi-

nistered pre-seasonally using three subcutaneous

injections of increasing strength followed by a fourth

injection of the third strength.

This vaccine is made in an establishment subject

to inspection by the Medicines Control Agency (MCA)

and under Good Manufacturing Practice (GMP). The

requirements to ensure high quality “Therapeutic

Allergy Vaccines” are encompassed in the “EU Notes

For Guidance” (12) and in the Ph.Eur. monograph

“Producta Allergenica” (13) and are followed in the

manufacture and control of this product.

Specifications, target values and stability are amongst

the most important requirements in standardisation

of the potency of the products and intermediates to

ensure batch-to-batch consistency. The analytical

methods and strategy applied at various stages of the

manufacturing process to monitor batch-to-batch re-
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producibility and provide final product release are des-

cribed here.

MATERIALS AND METHODS

Vaccine raw materials

All components are purchased from audited sup-

pliers and supplied with certificates of analysis which

must meet predetermined specifications. The tree

pollens used in the allergy vaccines are from: Birch

(Betula spp), Alder (Alnus spp), Hazel (Corylus spp).

The pollen specifications include: water content, iden-

tity and lower limit levels of other pollens, other plant

parts and mould spores. Following aqueous extrac-

tion of an equal mixture by weight of the pollens, the

extract is vigorously monitored via biochemical and

immunological assays. Examples of the examination

of the pollens are described here. The addition of

MPL adjuvant requires particular scrutiny and we

describe the assay of concentration and the congener

composition as determined by HPLC. MPL adjuvant

is monitored using this assay methodology at all sta-

ges of manufacture from raw material status through

to incorporation in the final product vaccine.

Methodology

Isoelectric focussing (IEF)

Aqueous extracts of the tree pollens were analysed

qualitatively to provide high resolution of constituent

proteins. Samples were run on an LKB Multiphor

2,117 using an Amersham Pharmacia Ampholine pol-

yacrylamide gel (PAG) plate, pH 3.5-9.5 (T = 5 %,

C = 3 %, ampholine concentration = 2.2 % w/v). IEF

is a qualitative method of analysis from which a pro-

duct specific fingerprint profile of the resolved consti-

tuent allergen proteins based on pI (isoelectric point)

values is obtained. This is compared with an in-house

reference preparation to ensure identity,

batch-to-batch reproducibility and standardisation.

Crossed immunoelectrophoresis (CIE)

This technique allows measurement of major aller-

gen content. Samples of pollen extract are electrop-

horesed (first dimension) on an LKB Multiphor

2117 using an agarose/PEG 8,000 gel in Tris buffer.

Antiserum containing specific antibody to the aller-

gen to be measured is added to the second dimen-

sion gel prior to solidification. For tree pollens, the

Figure 1.—Chemical structure of monophosphoryl lipid A.
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content of the principle birch pollen allergen, Bet v

1, is found using polyclonal rabbit antiserum. The

electrophoresed antigen complexed with antibody is

visualised with Coomassie Blue stain and the area

measured. An in-house freeze-dried birch pollen ex-

tract reference standard is used for comparison

which is ascribed 1,000 Quality Assurance Units

(QAU/ml). Thus the strength of the starting extract

can be quoted in QAU/ml. Potency of the aqueous

extract can be converted from QAU into mass units

of major allergen, if required. 

SDS-PAGE/Immunoblotting

Batch-to-batch profile consistency is confirmed by

analysis of each extract using SDS-PAGE. Protein

molecular weight markers are compared, utilising a

range up to 97.4 Kd (Bio-Rad Low Range SDS-PAGE

standards). Visualisation using a gold stain enables

standardisation of the constituent proteins. The aller-

gen profile is identified with SDS-PAGE immunoblot-

ting (Western blot) utilising a pool of sera from pa-

tients allergic to tree pollen as an IgE probe. The

blots are developed with biotin-labelled goat anti-hu-

man IgE followed by addition of streptavidin-peroxi-

dase and visualised with the chromogenic substrate

3,3’,5,5’-tetramethylbenzidine. 

Specific IgE assay

An ELISA inhibition assay based on a US Food and

Drug Administration (FDA) assay (14) ensures that

the allergenic activity (quantified as reactivity with

specific IgE from tree-pollen allergic subjects) is re-

producible from batch to batch. Comparisons are

made with the in-house reference preparation and

quoted in QAU/ml. Parallel line bioassay statistics are

used to compute results. 

The modified extract

The aqueous pollen extract is modified by the ad-

dition of glutaraldehyde which cross-links proteins via

the protein primary amine groups. Excess glutaral-

dehyde is completely removed by a dialysis system.

The effect of modification is monitored using a spe-

cific fluorometric method (15) which is used to deter-

mine the concentration of primary amine before and

after treatment. Hence the degree of modification

can be calculated as a percentage. This modification

results in a loss of IgE reactivity and thus provides

increased clinical safety (16).
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Final product formulation

The tyrosine-adsorbed, glutaraldehyde-modified

bulk extract is prepared by co-precipitation of the

modified allergen extract with L-tyrosine (4, 17).

Various bulk dilutions are then prepared by diluting

with blank L-tyrosine. MPL adjuvant is then added

to each dilution strength to obtain the required con-

centration of 50 �g/ml. The four-injection set of

Pollinex Quattro immunotherapy vaccines con-

sists of three strengths which differ only in the con-

centration of modified allergen present. The

strengths are: 300, 800 and 2,000 standardised

units (SU)(17) per ml. The top dose is repeated for

the final injection. All three strengths are composed

of 2 % w/v tyrosine adsorbates containing glutaral-

dehyde-modified allergen with 50 �g/ml MPL ad-

juvant in aqueous excipients consisting of 0.5 %

phenol, 0.9 % sodium chloride and 0.4 % phospha-

te buffer.

The inactive ingredients and sterility of the vacci-

nes are measured using standard techniques.

Tyrosine adsorbate analysis was as described pre-

viously (4, 16).

Potency assay (antigenic recognition 

by specific IgG)

The potency assay of the final product relies on

the ability of the pollen extract to react with specific

IgG antibody which is essentially retained after modi-

fication (16). An IgE-based assay would not be appro-

priate because the modification results in a very

much-reduced reactivity with specific IgE antibody.

Dilutions of solublised vaccine product are adsorbed

to the wells of a microtitre plate. Specific polyclonal

rabbit antisera to tree pollen (17) at an appropriate di-

lution is reacted with the product protein, washed

and followed by europium-labelled protein A which

reacts with the bound IgG antibody (18). The anti-

body binding is quantified by time-resolved fluores-

cence and the product potency calculated against a

reference preparation. Once more a comparison with

a reference extract is made in order to provide po-

tency values in an allergy vaccine unit, the

Standardised Unit (SU). 

Regulatory authorities require that consistent ad-

sorption must be proven in the case of allergy vacci-

nes utilising depot adjuvants such as L-tyrosine. This

is achieved by assaying the supernatant component

of the product, and deemed acceptable if the levels

are below the standard that has been validated to

equal the dose required to induce a skin test reac-

tion.



MPL adjuvant assay: chemical structure

MPL adjuvant (fig. 1 and table I) is composed of

a mixture of species all having the same disaccharide

backbone, but differing in terms of fatty acid substi-

tutions at positions A, B and C. Some substitutions

contain a second fatty acid, terminating at the 3-po-

sition of the first. MPL containing a total of 4 fatty

acid groups is known as the tetra-acyl congener spe-

cies, 5, penta-acyl and 6, hexa-acyl.

MPL adjuvant assay: aqueous formulation 

and intermediate preparations

The concentration and congener composition of the

raw material MPL adjuvant aqueous formulation

(MPL-AF) as supplied by the manufacturers and

the 0.1mg/ml Intermediate bulk dilutions are determi-
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ned by reverse phase HPLC assay on a Waters

Symmetry C18 column, particle size 5 �m, dimensions

4.6 × 150 mm (19). A fluorescence detection system

employed an excitation wavelength of 345nm and

emission at 515 nm. A gradient elution protocol used

mobile phases of: [A] 5 mM tetrabutylammonium

phosphate (TBAP), in acetonitrile-water (95:5, v/v),  [B]

5mM TBAP in isopropanol-water (95:5, v/v). Elution of

the congeners is accomplished by applying a linear gra-

dient of 10% to 80% [B] over 45 minutes. Since MPL

adjuvant is not a good chromophore, spectrophotome-

tric detection sensitivity is improved by derivatisation

with dansyl hydrazine (a fluorescent tag) prior to analy-

sis.

The total MPL content and congener composition

of the test sample (prior to the addition to the vacci-

ne formulation) is established by comparison of va-

rious peak areas on the chromatogram with those

from a 20 �g aliquot of derivatised MPL adjuvant

standard. The values obtained are compared with

those given on the certificate of analysis from the

manufacturer (raw material) or the in-house specifi-

cation (0.1 mg/ml intermediate). 

MPL adjuvant assay: the final MATA vaccine

product (Pollinex Quattro)

The same method employed for the MPL-AF pre-

parations was also used to standardise the MPL ad-

juvant component in the final product, but with one

additional step. The L-tyrosine adsorbate compo-

nents interfere in the MPL analysis and must there-

fore be separated from the MPL adjuvant compo-

nent before derivatisation. This is facilitated by first

solublising the L-tyrosine adsorbate using 1M HCl

and then solvent extracting the MPL component

using chloroform/methanol 2:1 v/v. The MPL com-

ponent can then be derivatised and analysed using

the same HPLC method employed for the MPL-AF

raw material and intermediate.

RESULTS

Isoelectric focussing

Figure 2 shows the high degree of batch-to-batch

consistency obtained from aqueous extracts of dif-

ferent batches of birch pollen. 

Table I

Congeners of monophosphoryl lipid A

Fatty acid group
Linkage Linkage Linkage 

position A position B position C

Hexa-acyl C14OC14 C12OC14 C16OC14

Penta-acyl C14OC14 C12OC14 HOC14

HOC14 C12OC14 C16OC14

�-C14 C12OC14 C16OC14

Tetra-acyl HOC14 C12OC14 HOC14

�-C14 C12OC14 HOC14

H C12OC14 C16OC14

HOC14: (R)-3-hydroxytetradecanoyl; C12OC14: (R)-3-dodecanoyloxytetradecanoyl;

C14OC14: (R)-3-tetradecanoyloxytetradecanoyl; C16OC14: (R)-3-hexadecanoylo-

xytetradecanoyl; �-C14: tetradecenoyl.

Figure 2.—Identification test: isoelectric focussing pattern of four

batches of birch pollen extracts.
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Crossed immunoelectrophoresis (CIE)

A test sample is compared to a reference standard

as shown in figure 3. Quantification is achieved by

estimation of the stained area of the sample in rela-

tion to the area given by the reference to obtain a fi-

gure expressed in QAU per ml.

SDS-PAGE immunoblotting

The similarity in the profiles of the four batches of

tree pollens confirm batch-to-batch reproducibility

with respect to protein composition (figure 4a) and

human IgE reactivity (figure 4b).

Specific IgE assay (ELISA)

Five batches of pollen extract prior to modifica-

tion were tested for specific IgE reactivity, as shown

in table II. Results were well within the specification

range that is stipulated in the EU Notes for Gui-

dance (9).

The modified extract

Five batches of pollen extracts were assayed for

primary amine content before and after modification

with glutaraldehyde and the proportion of primary

amine groups modified is shown in table III. These

are well within the range that is consistent with the

required safety bonus conferred by glutaraldehyde

modification. 

Potency assay (antigenic recognition by specific

IgG antibody)

Table IV shows the analysis of three separate bat-

ches of the final product containing MPL adjuvant.

The results, quantified in SU/ml, indicate good

batch-to-batch reproducibility, which falls well within

the required specification range.

MPL adjuvant HPLC assay

The MPL adjuvant content and congener compo-

sition is determined on a concentrated aqueous solu-

tion (raw material), a diluted intermediate and on the

Pollinex Quattro(final product.

Figure 5 shows a typical chromatogram of a 20 �g

sample of an MPL adjuvant raw material batch prior
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to dilution, indicating the position of the three con-

gener windows. The total MPL adjuvant content

and congener composition are established by com-

parison of the peak areas of a 20 �g aliquot of a

dansylated derivative of an adjuvant standard with

Figure 3.—CIE quantification of the major allergen, Bet v 1, in

aqueous birch pollen extract.

Reference Test

Figure 4.—SDS-PAGE analysis of aqueous tree pollen extracts

from four successive batches. (A) Protein profiles using gold stai-

ning. (B) Allergen profiles using Immunoblotting Against Human

IgE.
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Figure 5.—HPLC profile of aqueous formulation of MPL adjuvant, raw material.
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those of the sample. The manufacturers specifica-

tion is shown in table V and must be met at all stages

(the raw material, the bulk intermediate stage and in

the final product formulation).

Batch-to-batch consistency is shown on figure 6 for

three batches of 0.1mg/ml MPL AF bulk intermedia-

te prepared from three different raw material batches

at different times and analysed on different HPLC

runs. Given the amount of fine structure observed in

a typical MPL chromatogram, it is notable that the

profiles are qualitatively almost identical.

Table VI shows the MPL adjuvant concentration

and congener composition obtained from the chro-

matogram shown in figure 6 for the three different

20 �g batches of adjuvant. These are typical exam-

ples of batch-to-batch consistency. 

Table II

ELISA inhibition demonstrating IgE antibody 

reactivity of successive batches of aqueous 

extracts  of tree pollens

Batch IgE Reactivity (Quality Assurance

Units/ml)

1 98

2 80

3 115

4 80

5 129

Coefficient of variance = 19.2%.

Table III

Glutaraldehyde modification of aqueous extracts 

of tree pollens: batch-to-batch reproducibility

Batch Modification (%)

1 69

2 69

3 66

4 72

5 70

Coefficient of variance = 2.8%.

Table IV

Potency assay (specific IgG reactivity) of modified

allergen tyrosine adsorbate 

Batch Potency of batch (SU/ml)

1 1,848

2 1,770

3 1,755



MPL adjuvant assay of Pollinex Quattro

A treatment course incorporates three strengths of

modified allergen extract. Figure 7 shows the elution

profile and table VI the MPL content and congener

composition for a set of final product vaccines. In fi-

gure 7, the traces have been overlaid to show that the

fine structure is identical despite the differing allergen

content. In table VI, the MPL total values are consis-

tently slightly under the theoretical 50 �g/ml concen-

tration; the discrepancy is attributed to less than

100% solvent extraction efficiency in the HPLC sam-

ple work-up. These results indicate that the MPL

congener composition is immediately stable within

the vaccines and that the allergen content does not

affect the MPL adjuvant component measurement.
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DISCUSSION

Novel allergy vaccines such as Pollinex Quattro

have been developed to reduce the number of injec-

tions required to treat patients effectively which in-

creases the attraction of this form of therapy for type

1 respiratory hypersensitivity. The efficacy of these

vaccines is assisted by the inclusion of MPL, a po-

werful Th1-inducing adjuvant. The short course de-

sign requires a rapid dose escalation and hence an

allergoid was used to counteract potential allergic

side-effects of this form of therapy.

Such products must be standardised according to

regulatory requirements (12, 13) and an overall stra-

tegy has been suitably established; excipients are

controlled by standard Quality Control assays. The

active ingredient (in this paper, allergens from tree

Figure 6.—MPL assay: a trace overlay comparison of three different batches of 0.1mg/ml MPL raw material.

Table V

Assay of three batches of 0.1 mg/ml MPL adjuvant (intermediate bulk material)

MPL batch number
MPL concentration Tetra-acyl congener Penta-acyl congener Hexa-acyl congener

(�g/ml) (% w/v) (% w/v) (% w/v)

Manufacturersspecification for fatty

acid congener content 15-35 35-60 20-40

Batch 1 92.8 20.6 44.6 37.7

Batch 2 98.0 24.2 45.0 30.7

Batch 3 98.7 20.9 44.5 34.6



pollen) is kept within specification at all stages of the

manufacturing process by validated allergen assays.

The modified allergen in the final product was assa-

yed as an antigen by specific IgG; an IgE assay would

be innapropriate owing to the effective epitope loss

by chemical modification of the allergens. The speci-

fic IgG assay employed europium as a label, which

is a relatively novel procedure and appears particu-

larly user-friendly. Radioimmunoassays are compli-

cated by various safety and regulatory issues and di-

minution of radioactive isotope half-life, whereas the

use of enzyme-labelling (ELISA) can sometimes re-

sult in poor sensitivity and unwanted enzyme inhibi-

tion effects. 
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Figure 7.—MPL assay: a trace overlay comparison of three strengths of Pollinex Quattro vaccine.

The major challenge for the standardisation of

Pollinex Quattro was the development of an assay

method to monitor the MPL adjuvant component

both before and after incorporation into the tyrosine

adsorbate. MPL adjuvant is not a single chemical

entity, but a mixture of analogues, with the differen-

ces reflected in the number and length of fatty acid

chains. This complex problem was resolved by ex-

ploiting the high resolution and assay accuracy now

made possible by HPLC technology. It was found

that MPL adjuvant content and its congener compo-

sition can be consistently and accurately measured

by these methods. These assays and the results are

not affected by the vaccine components compo-

nents or vice versa. 

In conclusion, clinicians using this new vaccine

product can be assured that different batches will be

consistent with respect to both the active modified

allergen and the novel adjuvant. Analogous products

in this new range for allergy to other allergens (eg

grass pollens and house dust mite) are controlled and

standardised by similar methods.
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RESUMEN

Antecedentes: un nuevo tipo de Inmunoterapia

específica (I.T.s.) ha sido desarrollado por la introduc-

ción de un nuevo adyuvante, MPL (3-deacylated

monophosphoryl lipid A), inductor Th1.

MPL es un adyuvante de origen natural, derivado

del lipopolisacárido de la Salmonela minnesota R595.

Este adyuvante se incorpora a un extracto de póle-

nes modificados con glutaraldehído y adsorbidos con

tirosina (Pollinex Quattro).

El principal beneficio potencial proporcionado por

el adyuvante MPL consiste en la inducción de la

respuesta Th1 que incrementa la eficacia de la I.T.s

y, consecuentemente, permite una reducción en el

número de inyecciones requerido para el trata-

miento.

Se describe la estandarización de Pollinex

Quattro con pólenes de árboles y se incluyen detalles

de algunos procedimientos analíticos innovativos.

Métodos y resultados: una característica esencial

de la estrategia analítica consiste en la valoración

del MPL utilizando una técnica HPLC reciente-

mente desarrollada. El adyuvante tiene una estruc-

tura química compleja cuyo análisis se describe en

detalle. Se proporciona una completa descripción

de la estandarización de la vacuna basada en la ca-

racterización bioquímica e inmunológica del extrac-

to alergénico, junto a unos detalles técnicos de ela-

boración.

Conclusiones: la alta calidad de la metodología de

estandarización se ve reflejada por los diferentes

tests aplicados a todas las fases del proceso de ela-

boración de la vacuna. La potencia alergénica de los

pólenes de árboles se determina en cada una de las

fases: extracción del polen, modificación química y

formulación con tirosina como adsorbente. Se de-

muestra la buena reproductibilidad lote a lote. El en-

sayo HPLC para MPL presentó una resolución de

alta calidad que no variaba cuando se determinaba

como materia prima o una vez incorporado a la va-

cuna; mostrándose la compleja valoración técnica

fiable.

Palabras clave: Monofosforil lípido A. MPL.

Adyuvante. Polen. Vacunas para alergia. Tirosina.

Estandarización. HPLC. Pollinex Quattro.
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