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Summary 

This report outlines the collaborative study and in-house evaluation at NIBSC of two candidate 

International Standard preparations: meningococcal serogroup A (MenA) and serogroup X 

(MenX) polysaccharides. Plain polysaccharide (PS) and conjugate vaccines are primarily 

evaluated by physicochemical methods to ensure that batches are consistently manufactured. As 

different assays are employed to quantify the PS content of final formulations and bulk 

intermediates, there is a need for International MenA and MenX PS Standards to calibrate 

internal references used in the different laboratories. Eleven laboratories from nine different 

countries participated in the collaborative study to assess the suitability of candidate 

International Standard MenA and MenX PS preparations (coded 13/246 and 14/156).  

 

Stability studies performed up to 1 year with the MenA PS standard and up to 6 months with the 

MenX PS standard demonstrated that the candidate materials were stable at temperatures used 

for storage (-20
o
C) and laboratory manipulation (+4

o
C). In accelerated thermal degradation 

studies a size reduction was observed for both PS candidates following storage at +37
o
C and 

+56
o
C after 1 month. The amount of polysaccharide in the ampoules remained constant under all 

conditions. Real time stability, reconstituted and accelerated thermal degradation studies are on-

going. 

 

On the basis of the results from this study, it is recommended that: 1) the candidate standard 

material 13/246 is established as the 1
st
 International Standard for the Meningococcal Serogroup 

A polysaccharide for the quantification of MenA PS vaccines and vaccine components with a 

content of 0.845 ± 0.043 mg MenA PS per ampoule (expanded uncertainty with coverage factor 

of k=2.45 taken to correspond to a 95% level of confidence), as determined by quantitative NMR, 

and 2) the candidate standard material 14/156 is established as the 1
st
 International Standard for 

the Meningococcal Serogroup X polysaccharide for the quantification of MenX PS vaccines and 

vaccine components with a content of 0.776 ± 0.089 mg MenX PS per ampoule (expanded 

uncertainty with coverage factor of k=2.45 taken to correspond to a 95% level of confidence), as 

determined by quantitative NMR. 

 

Introduction 

 
Meningococcal disease caused by serogroup A has caused a significant burden to the region of 

Africa stretching between Senegal and Ethiopia (named the ‘African meningitis belt’) for over a 

century [1]. In 2010 a conjugate vaccine developed specifically for the meningitis belt was 

introduced by the Meningitis Vaccine Project to target the periodical endemics and epidemics 

seen in this area. The implementation has been a success and the incidence of disease caused by 

and the carriage of serogroup A has declined dramatically [2,3]. However, serogroup X, which 

was a rare causative agent of meningococcal disease, has emerged as a cause of outbreaks in the 

region since the implementation of a vaccine against serogroup A [2]. As a result of this increase 

in serogroup X disease there are initiatives to manufacture a conjugate vaccine similar to those 

used for meningococcal groups A, C, W and Y, to control disease caused by group X.  

 

Physicochemical methods are the primary tests used to ensure batches of Neisseria meningitidis 

plain PS and conjugate vaccine are manufactured consistently to those shown to be safe and 

effective in clinical trials [4], as well as to determine potency. In particular, determination of the 

PS content and the amount of free saccharide in the final formulations measure the potency of 

the vaccine.  
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In 2011 the first International Standard for meningococcal serogroup C polysaccharide was 

established for use in quantification assays for polysaccharide MenC based vaccines. The MenA 

and MenX candidate materials are designed to be utilized in a similar way as this standard and 

aim to improve harmonization of polysaccharide content of meningococcal vaccines of which 

they are components. As both MenA and MenX PS contain a single phosphorus ion per residue, 

the amount of phosphorus can be used to estimate the concentration of the polysaccharides. It 

was therefore decided to run the two studies in parallel. 

 

MenA PS consists of N-acetylmannosamine-6-phosphate residues linked by α1-6 phosphodiester 

bonds and contains about 80% of O-acetylation in position C3 while position C4 is only slightly 

O-acetylated [5]. MenX PS is composed of repeating units of N-acetylglucosamine-4-phosphate 

residues linked by α1-4 phosphodiester bonds, but without O-acetyl groups [5]. Determination of 

the phosphorus content of both the final vaccines and bulk components using colorimetric assays 

is one of the most commonly used methods to quantify the MenA PS [6]. Other methods include 

high performance (or high pH) anion exchange chromatography-pulsed amperometric detection 

(HPAEC-PAD), nuclear magnetic resonance spectrometry (NMR) and immunological assays. 

 

NIBSC proposed the production of a MenA and a MenX PS International Standard which were 

endorsed at the ECBS meeting in October 2013 and October 2014, respectively. These reference 

preparations, containing a determined quantity of PS could be used to cross-calibrate various 

methods to quantify the MenA/MenX (MenA and MenX) content of the bulk saccharide, bulk 

conjugate and final formulations and should be made available under the auspices of WHO to 

facilitate calibration of assays and in-house reference materials. The continuing and rapid 

development of new meningococcal conjugate vaccines and multivalent vaccines including 

MenA and MenX PS as components, the establishment of programmes to distribute MenA and 

potentially MenX vaccines throughout the world, and the likelihood that more NCLs will 

establish methods to evaluate these vaccines indicate that a standard for the quantification of 

MenA and MenX PS will be important to establish and will be in demand. 

 

WHO guidelines state that for an International Standard to be adopted using Système 

International d’Unités (SI) unitage rather than International Units, the assignment should follow 

ISO 17511 standard principles, if possible. In particular, uncertainty should be assigned and unit 

assignment should not be based on a bioassay but rather should be derived from and traceable to 

a physicochemical method. Previously the assignment of unitage to polysaccharide standards 

developed by NIBSC was calculated from results of multiple laboratories running a single 

method, and the uncertainty incorporated the combined uncertainty from the different 

determinations [7-9]. Following the use of secondary comparative methods to assign a value to 

MenC and Hib polysaccharide standards, it was proposed that quantitative NMR (qNMR) would 

be used to determine the PS content of MenA and MenX candidate standards [10]. Quantitative 

NMR is a potential primary method for quantifying organic compounds [11,12] and was 

considered to be the most appropriate method to use to assign unitage. The unitage of the 

standard is proposed in SI units milligrams (mg), in accordance with both the MenC IS and the 

measurement and specification of PS in g units in all meningococcal vaccines, plain 

polysaccharide or conjugate. 

 

Participants 

Eleven laboratories from nine countries participated in the study including 5 NCLs, 5 

manufacturers and one Pharmacopoeia laboratory. The list of participants is included in the 

Annex 1 as the MenA/X IS Working Group. Participants were assigned a random code number, 

not corresponding to the order of listing. 
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Materials and Methods 

The candidate standard 

NIBSC received 11.11 g of purified vaccine-grade bulk MenA PS from Serum Institute of India 

Ltd.(Pune, India) which was stored at -70C. 10,786 ampoules were filled by the Centre for 

Biological Reference Materials, NIBSC. The material will be divided into 3 different reference 

materials, the international standard, a working standard and a pharmacopoeial standard to be 

housed by USP India. The International Standard will be coded “13/246” 

 

The Finlay Institute, Havana provided NIBSC with approximately 1 g of bulk Men X PS which 

was stored at -70C. 916 ampoules were filled by the Centre for Biological Reference Materials, 

NIBSC and assigned NIBSC code “14/156”.  

 

The Certificate of Analysis data in Tables 1a and 1b were provided by the manufacturers. The 

candidate materials are compliant with WHO Recommendations [4,13,14] and the European 

Pharmacopoeia (2011) for purified bulk PS for use in vaccines. 

 

Meningococcal polysaccharides can be unstable under certain conditions; and group A 

polysaccharide in particular hydrolyzes naturally in aqueous conditions [15,16]. To ensure the 

lyophilized polysaccharide reference preparations remain stable over the long-term, trial fills 

were performed with the candidate materials.  

 

The MenA PS was dissolved in either water, 15 mM NaCl or 7.5 mM CaCl2. Following 

lyophilisation formulations with water and NaCl both formed acceptable plugs whereas the 

material dissolved in CaCl2 collapsed completely. For this reason the CaCl2 formulation was 

deemed unsuitable. Material from the water and NaCl formulations were put into accelerated 

thermal degradation (ATD) studies. Ampoules were stored at -20
o
C, +4

 o
C, +37

 o
C and +56

 o
C 

for up to 3 months. Total MenA saccharide content was determined on the T0 and T3 month 

samples by the HPAEC-PAD method, using an in-house standard.  HPLC sizing was performed 

on all stability samples using the TSK 6000-5000 PWXL column series, using 50 µg injections 

into PBS ‘A’, pH 7.4, run at 0.25 ml/min. The percent eluting by a distribution coefficient (KD) 

of 0.35 was calculated.  pH and osmolarity were measured for 3 month samples only. 

 

Both the water and NaCl formulation had a similar stability by the characteristics measured.  The 

molecular sizing chromatogram, however, showed a high molecular weight peak in the saline 

sample possibly showing a change in the N-acetylmannosamine-6-phosphate due to its 

association with NaCl at the time of lyophilisation. The pH of this standard was 0.3 pH units 

lower; a correlation was found between acidity and depolymerisation. Thus it was decided to use 

water as the diluent for the definitive fill of the candidate MenA PS. 

 

The MenX PS was dissolved in either water or 15 mM NaCl. As the CaCl2 was unsuccessful for 

the MenA PS, this diluent was not evaluated for MenX PS. Both formulations formed good 

pellets following lyophilisation and were put into ATD studies for 3 months and stored as 

described for MenA PS (-20
o
C, +4

o
C, +37

 o
C and +56

 o
C). Total MenX saccharide was 

determined by HPAEC-PAD, using an in house method adapted for MenX saccharide analysis.  

Depolymerisation was performed in 1 M HCl, at 100C and samples were diluted 50 times to 

approximately 20 µg/ml (assuming 1 mg/ampoule) and 50 µl of sample injected on a PA-1 

column.  An in house MenX PS standard was used to calculate the concentration of the standard 

using spiked fucose as internal standard for detector normalization. 
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The water and NaCl formulations had very similar stability by the characteristics measured and 

the degradation observed in the +37
o
C and +56

o
C samples in both formulations were very 

similar.  The pattern of pH change was slightly different between the samples at 3 months.  

 

For the MenX PS, water was also chosen as the diluent on the basis that NaCl did not improve 

the stability of the MenX PS, and as calcium is already present in the PS, addition of a second 

counterion would have added to the complexity of the material. For both PSs, residual calcium 

from purification is the counter-cation. 

 

WHO recommendations for the preparation, characterization and establishment of reference 

standards were followed for the candidate materials [14]. The processed material was thawed 

and diluted in sterile distilled water to give a concentration of approximately 1.0 mg MenA/X 

PS/ml and glass ampoules were filled with 1.0 g of the stock solution at the Centre for Biological 

Reference Materials (CBRM), NIBSC details of the filling and freeze drying are in Table 2. 

 

When the PS standards are reconstituted with 1 ml sterile distilled water, the MenA PS has a pH 

of 6.4-6.9 and the MenX PS has a pH of 6.9-7.2.  3000 ampoules of 13/246 vials and 856 vials of 

14/156 are offered to WHO. NIBSC will act as the custodians of the material which is being 

stored at -20
o
C. 

 

Study materials 

Following the invitation to potential participants it was noted that there were three levels of 

participation which would take place: 

 

1. Laboratories which could analyse both MenA and MenX candidate material in assays 

other than quantitative NMR 

2. Laboratories which could analyse only MenA candidate material in methods other than 

NMR 

3. Laboratories which could analyse MenA and MenX in NMR and other suitable assays. 

 

To preserve the limited material available for the collaborative study 3 different packs were 

composed and sent to the appropriate laboratories. 

 

Participants not running NMR were sent two duplicate sets of 4 preparations coded A, B, C and 

D, where ampoules B and D were the candidate standards, 13/246 and 14/156, respectively, and 

A and C were Meningococcal serogroup Y PS (NIBSC code 01/426; 1 mg/ampoule) and 

Meningococcal serogroup W PS (NIBSC code 01/428; 1 mg/ampoule), respectively.  

 

Laboratories performing NMR were sent an additional four ampoules of each of samples A, B, C 

and D. These samples were for part 1 of the study, determining the contents of the ampoules. For 

part two of the study, the assessment of the fitness of material for determining the polysaccharide 

content of bulk conjugate material in different assays, laboratories were sent candidate material 

13/246 coded as sample E and a sample of MenA bulk conjugate; if able to perform MenX 

analysis candidate material 14/156 coded as sample F and a sample of MenX bulk conjugate 

material were also included. For part 2 the participants would use samples E and F as reference 

material as well as their in-house reference material to determine the concentration of 

polysaccharide in the bulk materials. Upon receipt, participants were asked to store the samples 

at -20C.  Prior to use in assays samples were to be reconstituted with 1ml sterile distilled water, 
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water for injection or deuterium oxide in the case of NMR and kept at +4C for up to 2 weeks, 

while completing the assay(s). If longer term storage of the samples was required, samples were 

aliquoted and stored at -20C until further use. Prior to use in part 2, MenA and MenX (if 

applicable) bulk conjugate material was thawed and stored at +4C for the duration of the study. 

Further dilutions to give test solutions in the correct concentration range for the assay were to be 

made in the appropriate assay solution or buffer.  

 

Assigning functional weight to MenA and MenX PS 

During the study laboratories 5, 6, 9 and 11 determined the degree of O-acetylation of the MenA 

PS by NMR methods using 500MHz, 400MHz, 700MHz and 500MHz respectively (Table 3). 

The level of acetylation was calculated by comparing the ratios of H3 + H4 proton signals at 5.1-

5.2 ppm in the native material (and H2 protons at 4.4-4.5 ppm) with the H1 peak (5.4 ppm) in the 

native and de- O-acetylated sample, also comparing the H1 with the free acetate peak in the de-

O-acetylated sample.  The exact carbohydrate hydrogen protons used for the unitage and O-

acetyl measurements were determined in part by the chemical shift (ppm) of the specific 

reference. The reference, TPS, for example, has a chemical shift set at 0 ppm, so that resonances 

arising from the hydrogen groups of the main ring carbons (Hn), or the free acetate, can be 

integrated, provided the signal-to-noise is large enough for each. Laboratory 5 calculated the 

degree of O-acetylation to be 0.84 mol O-acetyl/mol saccharide repeating unit; laboratory 6 as 

82%; laboratory 9 as 85% (±3%) and laboratory 11 as 85.9%. The laboratories were in good 

agreement with each other and the mean % acetylation was 84%. The functional weight of the 

repeating unit of MenA PS 13/246 is calculated to be 337.515 g/mol. The MenX PS is not 

acetylated and the functional weight of the repeating unit of the candidate MenX PS 14/156 was 

calculated to be 302.2 g/mol. For full details see Annex 2.  

 

The conversion factors of phosphorus content to amount PS are 10.897 and 9.757 for MenA and 

MenX PS, respectively. 

 

Study design 

Participants were requested to perform the assays twice, with fresh ampoules on separate days 

using the laboratory’s own method and standards. A value of 0.5-3 mg for the content of the 

preparations was provided to participants as a guideline to help in preparation of dilutions. The 

assay methods performed by the participants are detailed below. All of the 11 laboratories except 

for one (Lab 8) participated in previous collaborative studies for assignment of unitage to 

polysaccharide standards.  

 

Assays for evaluation of the candidate standards  

 

Quantitative 
1
H-NMR  

 
The 

1
H NMR spectrum contains signals arising from specific hydrogen atoms in the structure of 

the sample [17]; integration of such signals, where they are well resolved, allows the estimation 

of the molar concentration of the sample, especially when compared with an internal standard of 

accurately known concentration.  In total five laboratories performed qNMR (5, 6, 8, 9 and 11) 

using in-house methods the experimental parameters of which are summarised in Table 3. 
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NIBSC Method  

NIBSC carried out an extended NMR study to investigate the possibility of reducing the 

uncertainty of the measurement if only one laboratory’s results were considered. Seven 

individual ampoules of MenA PS, 13/246 and six ampoules of MenX PS, 14/156, were 

resuspended in 3 ml (MenA) or 2 ml (MenX) of D2O (99.9% D) ensuring that all material 

dispersed across the vial was washed into the main bulk.  The ampoules were sealed and mixed at 

1000 RPM (Multi-Reaux shaker model: P/N 545 - 10000 – 00, Heidolph) for 60 min before 

being lyophilised overnight to reduce the moisture content.  12.70 mg of TSP-d4 (Sigma-Aldrich, 

269913) was accurately weighed and dissolved in a freshly opened 100 g bottle of D2O.  1 ml of 

the TSP-d4/D2O solution was added to the ampoules.  The ampoules were sealed and placed on a 

mixer for 90 min at 1000 RPM.  

 

For the MenA, 700 µl from each sample was transferred into 5 mm NMR tubes and treated with 14 

μl sodium deuteroxide (10M).  The ampoules were allowed to stand for 60 min for full de-O-

acetylation (DeOAc) to occur and then each aliquot was transferred to Eppendorf vials and spun 

for 30 min to remove particulates.  A volume of 600 µl was transferred to labelled 535-PP NMR 

tubes and placed on the automation rack on the NMR spectrometer as described by Jones and 

Lemercinier [16].  Details are in Table 4. 

 

For the MenX, 700 µl of sample was transferred to labelled 535-PP NMR tubes and placed on the 

automation rack on the NMR spectrometer. 

 

All 
1
H spectra were obtained using a Bruker AVANCE II 500MHz spectrometer (Bruker 

Biospin, Rheinstetten, Germany) equipped with BBO probe via automation ICON Topspin 3.2 

which included automatic phasing, baseline correction and referencing of Men X to the internal 

resonance of TSP-d4. Standard 1D 
1
H NMR Nuclear Overhauser Effect SpectroscopY (NOESY) 

was performed on each sample using specific optimised parameters for MenA PS or MenX PS 

(Table 4). For MenA, NMR spectra were acquired at 303K, 128 scans collected into 65K data 

points with a spectral width of 15 ppm, a 10 msec mixing time and a relaxation delay of 39.6 sec. 

For MenX, NMR spectra were acquired at 303K, 256 scans collected into 65K data points with a 

spectral width of 15 ppm, a 10 msec mixing time and a relaxation delay of 10.2 sec. 

 

The resolution of the acquired MenX spectra was broad and the shimming was poor resulting from 

fine particulates in solution.  The samples were transferred to labelled Eppendorf vials and spun 

for 30 min to remove particulates.  A volume of 600 µl was then transferred to labelled 535-PP 

NMR tubes and placed on the automation rack on the NMR spectrometer.  The 1D NOESY 

experiment was re-run using the same parameters.     

 

Phosphorus Assays 

Nine laboratories (1, 2, 3, 5, 6, 7, 8, 9 and 10) ran phosphorus assays to determine the 

MenA/MenX content of the candidate materials. They all performed a colorimetric assay and in 

addition, Labs 8 and 9, also measured phosphorus by Inductively Coupled Plasma (ICP) 

methods.  

 

In the colorimetric Chen method [6], the PS candidate material and in-house phosphorus 

standards of known quantity are mixed with sulfuric acid, ammonium molybdate and ascorbic 

acid. Phosphomolybdate is formed which is further reduced by the ascorbic acid to form a blue 

coloured complex. The absorbance of the samples is measured and is directly proportional to the 

phosphorus content of the standards. Four laboratories used a liquid phosphorus standard 
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solution for phosphorus determination. Five laboratories used sodium or potassium phosphate 

salt forms which were weighed. Lab 8 and 9 also used specific liquid phosphorus standard for 

ICP-OES and ICP-MS. All standards were diluted in water. Further details from laboratories 

performing phosphorus assays are included in Table 5.  

 

The inductively coupled plasma approaches (ICP) used different methods to detect and measure 

the phosphorus content of the candidate standards: by optical emission spectroscopy (Lab 8) or 

mass spectroscopy (Lab 9). Laboratory 8 ran samples on a Perkin Elmer, Optima 2100 DV. 

Samples prepared and the phosphorus standards in 2% v/v nitric acid. The sample and standards 

were injected into the argon nebulizer at a flow of 0.8 l/min and phosphorus was detected at 

213.617 nm. Laboratory 9 ran samples identified as MenA and MenX (sample B and sample D) 

on a Thermo Scientific™ Element 2™ ICP-MS. Samples and standards were also prepared in a 

2% v/v nitric acid solution which were injected into the nebulizer at a flow rate of 1 ml/min. 

 

HPAEC-PAD  

Two laboratories performed HPAEC-PAD (9 and 11). For PS depolymerization prior to 

chromatography, both laboratories used TFA hydrolysis for MenA PS [18] and HCl hydrolysis 

for MenX PS. This acid hydrolysis approach is used to measure the content of the de-O and de-

N-acetylated saccharide repeating units, mannosamine-6-phosphate or 

glucosamine/glucosamine-4-phosphate for MenA and MenX, respectively. If MenA or MenX PS 

is used as a standard (both laboratories use PS for MenA), the PS content can be directly 

measured.  Laboratory 9 used D-(+) glucosamine hydrochloride as a standard in the MenX assay 

and the results therefore required a conversion factor. The laboratories used CarboPac PA10 or 

PA1 columns, and resolved the relevant peaks from the internal standards using an eluent 

containing around 200 mM NaOH and 100 to 200 mM sodium acetate. Further details from 

laboratories performing the HPAEC-PAD assay are included in Table 6. Besides the standards 

used, the only notable difference was the hydrolysis conditions used for MenX PS: Lab 9 used a 

harsh hydrolysis for MenX compared to Lab 11 [2]. 

 

Nephelometry  

One laboratory returned results for MenA PS only using rate nephelometry (Lab 4). The method 

relies on formation of antigen-antibody aggregates which are detected via light scattering. The 

rate at which the complex forms is directly related to the amount of antigen (PS) in the sample. A 

value for the content of the ampoules and the bulk conjugate was determined from a standard 

curve generated from purified polysaccharide of known concentrations. 

 

ELISA 

An ELISA assay was carried out to determine MenA content of 13/246 by one laboratory (Lab 5) 

using an in-house MenA PS standard as standard. The method employed was a capture or 

sandwich ELISA. Anti-MenA PS monoclonal antibodies (mAbs) were used to coat an ELISA 

plate. The test samples were added to the wells and the MenA PS captured by the bound mAbs. 

A secondary antibody, anti-MenA mAb conjugated to peroxidase, was added followed by its 

substrate, resulting in a visible colour change. The intensity of the colorimetric signal detected is 

proportional to the amount of polysaccharide in the sample and a value determined for the 

samples from a standard curve generated from samples of known MenA PS concentration in the 

assay. 
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Stability Studies 

To determine the stability of the candidate MenA and MenX PS standards, three studies of the 

candidate material were undertaken: a real-time stability, an accelerated degradation and a 

stability study of the reconstituted material. Monitoring of the real-time stability of samples 

stored at -20
o
C was planned for 6, 12, 30, 60 and 120 month time-points using the -70C sample 

as baseline. Data is presented from stability samples stored up to 12 months for MenA, and up to 

6 months for MenX.  

 

The accelerated degradation study of the candidate standards was planned at temperatures of +4
 

o
C, +37

 o
C and +56

o
C, using a -20

o
C baseline for 1, 2, 3, 6, 12, 24, 30 and 36 months, with data 

presented up to 12 months for MenA, and up to 6 months for MenX. Following storage at the 

desired temperature and duration, the samples were transferred to -20
o
C prior to analysis, and 

were analysed in a single session.   

 

In the final study, the candidate standards were reconstituted in 1 ml of sterile distilled water and 

stored at +4
o
C for 1, 2, 3 and 4 weeks and -20

o
C for 4 and 8 weeks (further time points will be 

taken at 24, 30 and 36 months). Frozen samples were thawed at room temperature for 1 hour 

prior to analysis.  

 

The MenA and MenX PS contents of the samples were determined using the HPAEC-PAD assay 

and the molecular integrity by HPLC-SEC. qNMR as described before (NIBSC method) was 

used for stability samples stored at -20C and +56C for 16 months (MenA) and 9 months 

(MenX). 

 

The MenA PS content was determined using high performance anion-exchange chromatography 

with pulsed amperometric detection (HPAEC-PAD) method with a CarboPac PA-1 analytical 

column. An in-house MenA polysaccharide was used as a quantitative standard (0.5–27 µg/ml), 

and glucosamine-1-phosphate (Sigma) at 4 µg/ml as an internal spike for normalization. For the 

quantitative analysis, samples and standards were subjected to acid hydrolysis with 2.0 M TFA, 

for 2 h at 100
o
C. The eluents were mixed with a gradient pump to achieve 0–12 min, 100 mM 

NaOH; 12–35 min, 100 mM NaOH, 100–224 mM NaOAc (sodium acetate); and, 35–45 min, 

400 mM NaOH. The column was then re-equilibrated with the starting eluent (100 mM NaOH) 

for 10 min. The flow rate was 1 ml/min. The content of MenA was determined by integrating the 

peak arising from N-acetyl mannosamine relative to the standard curve, with signal normalized 

by the internal spike. 

 

The MenX PS content was determined using the HPAEC-PAD method with the following 

alterations from the MenA method. An in-house MenX polysaccharide was used as a 

quantitative standard (0.5–27 µg/ml), and with L-Fucose (Sigma) at 4 µg/ml as an internal spike. 

Samples and standards were subjected to acid hydrolysis with 1.0 M HCl, for 2.5 h at 100
o
C. The 

eluents were mixed to achieve 0–13 min, 50 mM NaOH; 13–25 min, 50 mM NaOH, 100–224 

mM NaOAc; and, 25–35 min, 400 mM NaOH. The column was then re-equilibrated with the 

starting eluent. The content of MenX was determined by integrating the peak arising from N-

acetyl glucosamine relative to a standard curve, using the peak area of the internal spike for 

signal normalization. 

 

Molecular sizing analysis was performed using a Dionex DX-600 HPLC system with Tosoh 

Bioscience TSK gel G6000 + 5000 PWXL columns in series preceded by a PWXL guard column. 

The mobile phase was phosphate buffered saline ‘A’ pH 7.4 at a flow rate of 0.25 ml/min (0.3 
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ml/min for MenX). The void and total column volumes were determined using salmon DNA 

(Sigma) and tyrosine (Sigma), which eluted at 45 min and 100 min respectively (40 min and 83 

min for MenX). The 214 nm signal (Dionex VWD multi-wavelength UV Detector) was used for 

determining the % eluting at a distribution coefficient (KD) of 0.37 for both MenA and MenX. 

 

Conversion Factors 

The determination of the amount of MenA or MenX PS from the estimated phosphorus 

concentration relies on a conversion factor. This factor takes into account the proportion of the 

total functional mass of a PS residue which is contributed by phosphorus. In the case of MenA 

PS the functional weight of the residue varies depending on the acetylation status which can 

differ from batch to batch in vaccine production. The MenX PS is not O-acetylated, however, the 

conversion factors used by participants were still different. In the case of MenA these varied 

from 10.204-12.500 and MenX from 9.174-9.840 (Table 5). For this study the results in part 1 

were converted from the phosphorus values to saccharide values using the NIBSC conversion 

factors of 10.897 for MenA and 9.757 for MenX. In part 2 laboratories were asked to report 

values using in-house reference material; two laboratories reported the estimation in mg of PS 

per ml but the majority reported the phosphorus content. For this reason all results were 

converted using NIBSC conversion factors to give a final result.  

 

Results 
 

Part 1. Calibration of the candidate standards 

 

Determination of MenA PS and MenX PS in candidate material 13/246 and 

14/156  

 

NIBSC Quantitative NMR  

 
MenA PS  

The NMR data was collected from ampoules 1-7 and the intensity values from the integrations at 

proton resonances H1, H2, H3 & H6, H4 and H5 were determined relative to the internal 

standard TSP-d4 (Table 7 and Figure 1). The intensity of the signals are proportional to the molar 

concentrations and the average MenA and ManNAc-P content for each ampoule were calculated 

by combining all the values from the integrated proton resonances in the spectrum compared to 

the internal standard. 

 

In addition to the seven values in Table 7 from the seven individual ampoules used in the initial 

NMR evaluation of the MenA content of the ampoules the value obtained from another ampoule 

which was stored at -20
o
C and run as a control in the stability study has been added to the 

analysis (Table 8). The mean MenA PS per ampoule was calculated to be 881 μg PS per ampoule 

with a relative standard uncertainty of 1.31% (Tables 8 and 9). 

 

MenX PS 

The 
1
H-NMR assignment and interpretation of Men X has been published [2].  Two resonances 

were chosen from the 
1
H spectrum and integrated with specific integral regions to give an 

accurate calculation of the Men X content.  The anomeric resonance, H1, at 5.57 ppm was not 

integrated and not included in the quantitation of Men X as the signal-to-noise ratio (S/N) was 

under 150:1 [12].  The criteria for selecting the integration regions ensured that the peaks of 
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interest were isolated and did not overlap with other resonances in the spectrum.  Also the 

integral region incorporated the 
13

C satellites of the selected peak area.  A fixed integral region 

for the TSP-d4 at 0 ppm was chosen (Figure 2).  

 

The NMR data were collected from six ampoules and the intensity values from integrations at 

the proton resonances H2, H3, H4, H5, H6 and CH3 were determined relative to the internal 

standard TSP-d4 (Table 10 and Figure 2).  The average Men X content for each ampoule was 

calculated by combining all the values from the integrated proton resonances in the spectrum and 

comparing then to the internal standard. As described for the MenA PS an additional value from 

an ampoule of 14/156 stored at -20
o
C which was run as a stability control has been added to 

calculate the final NIBSC quantitative NMR estimation. The uncertainty was assumed to be the 

same as the MenA 13/246 with the exception of random error and between-ampoule 

homogeneity which were estimated to contribute a relative standard uncertainty of 4.26%, giving 

a combined relative standard uncertainty of 4.30%. The mean MenX PS per ampoule was 

calculated to be 809 μg. 

 

Determination of MenA PS and MenX PS in candidate material 13/246 and 

14/156 by participating laboratories 

 
Details of all the data from the collaborating laboratories for estimation of the quantity of 

MenA/MenX PS per ampoule are summarised in Table 12 and Figure 3.  

 

Quantitative 
1
H-NMR  

 
Five laboratories returned qNMR data summarised in Table 12. Overall there was fairly good 

agreement between the laboratories with the exception of laboratory 8 whose data were excluded 

from further analysis. The use of excessive maleic acid as the internal standard may account for 

this as the acid could hydrolyse the candidate material, although it is noted that laboratory 6 also 

used maleic acid as an internal standard, but at a much lower concentration. Two of the MenA 

PS ampoules originally evaluated in laboratory 9 gave much lower values than the other two, and 

it was thought that this was due to loss of material. The use of TSP as a reference gave slightly 

higher values than obtained using caffeine as a reference. Laboratory 9 then carried out a fresh 

analysis of 9 additional ampoules, using caffeine as a reference, which are included in Table 12. 

The estimated mean value of the content of candidate material MenA PS 13/246 by qNMR 

across four laboratories is 0.845 mg per ampoule with a CV of 3.2%. Combining the relative 

standard uncertainty determined at NIBSC (Table 9) with the standard error of the mean of 

laboratory means gives a final estimate of the content of 13/246 as 0.845 ± 0.043 mg MenA PS 

per ampoule (expanded uncertainty with coverage factor of k=2.45 taken to correspond to a 95% 

level of confidence; coverage factor determined using Welch-Satterthwaite approximation for 

effective degrees of freedom).  

 

The MenX PS 14/156 has an estimated content of 0.776 with a C.V of 3.7%. The final estimate 

of the content of 14/156 is 0.776 ± 0.089 mg MenA PS per ampoule (expanded uncertainty with 

coverage factor of k=2.45).  
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Phosphorus Assays 

 
Nine laboratories (1, 2, 4, 5, 6, 7, 8, 9 and 10) returned data quoting the estimated phosphorus 

content of the candidate materials, two laboratories employing two methods for the analysis. The 

most common assay used was the Chen method which was used in 7 laboratories. The mean 

value estimated for the MenA content of 13/246 is 0.915 mg/ampoule with a CV of 8.3%. For 

MenX 14/156 it is 0.820 mg/ampoule with a CV of 7.7%. Comparatively lower values were 

obtained from the Chen assay of Lab 9; the O.D. range from that lab was lower than that 

reported by Lab 1 for a similar range of standards.  This laboratory also reported relatively lower 

values using the Chen method for the phosphorous content in bulk conjugate samples (Table 13).  

The average of the Chen results, 0.915 mg/ampoule is just outside the limits on the proposed 

unitage for 13/246. For MenX (14/156) the average of the Chen results, 0.820 mg/ampoule, is 

within the limits on the proposed unitage.  

 

HPAEC-PAD 

 
Two laboratories returned data for the contents of 13/246 and 14/156 using HPAEC-PAD one of 

which ran the test using two different MenA PS reference standards with in-house unitage based 

on dry weight. The use of these standards appeared to overestimate the MenA content. The mean 

of the HPAEC-PAD values for the contents of 13/246 is 1.076 mg/ ampoule with a CV of 13.3%. 

For 14/156 the mean is 0.713 mg/ampoule, within the limits on the proposed unitage.  

The values of MenX determined by the HPAEC-PAD method were dependent on the hydrolysis 

method used for depolymerization.  The harsh hydrolysis method of laboratory 9 appeared to 

cause destruction of the glucosamine that was being measured, as the values obtained were the 

lowest from any method.  

 

Aside from this result, it is apparent that the methods that relied on depolymerization of MenX 

saccharide, namely the phosphorus and HPAEC-PAD methods, did give slightly higher results 

than were obtained by qNMR alone.    

 

Nephelometry 

 
The nephelometry result from laboratory 4 for the MenA content of 13/246 was estimated as 

1.13 mg/ ampoule, this estimate is above the upper limit of the proposed value.  

 

ELISA 

 
The ELISA result from laboratory 4 for the MenA content of 13/246 was estimated as 0.877 mg/ 

ampoule, which falls within the expanded uncertainty of the proposed unitage. 

 

Part 2. Determination of MenA and MenX saccharide in bulk conjugate 

samples 

 
The purpose of part 2 was to determine if the candidate standards could be used to accurately 

determine the MenA and MenX saccharide content in vaccine samples. This is demonstrated by 

comparing the saccharide content values determined across laboratories when the candidate 

standard is used compared to the in-house standards. Laboratory mean estimates (mg MenA or 

MenX saccharide/ml) obtained for the bulk conjugate sample are summarized in Table 13.  
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Participants were asked to assume a value of 1 mg/ampoule for the candidate standards, however 

the data have been converted on the basis of the standards containing 0.845 mg/ ampoule (MenA) 

and 0.776 mg/ ampoule (MenX). 

 

The use of the MenA PS candidate standard decreased the mean value by approximately 14% to 

0.640 mg/ml compared to 0.740 mg/ml determined from in-house phosphate or liquid 

phosphorus standards in the phosphorus assays. The % CV was decreased by 6% when using the 

candidate standard, although the spread of data was still wide.  This appears to be due to higher 

estimations from laboratory 2, and laboratory 8, who used an ICP method, as well as individual 

assay biases, rather than any particular trend from the assays themselves. Two laboratories 

returned incomplete data sets for part two. Laboratory 8 and 10 returned data for the estimation 

of the PS content of the bulk conjugate using their in-house standard but not the candidate 

material. The estimations from laboratory 8 are relatively high it is possible that this could bias 

the average value (0.740 mg/ml) calculated from all laboratory data using in-house reference 

material. If the data from laboratories 8 and 10 are excluded the mean value estimate using in-

house standards is 0.682 mg/ml, 8% higher than estimated using the candidate material. The 

most improvement in variability came with the use of the MenA candidate standard in the 

HPAEC-PAD assay, with a concentration of 0.519 mg/ml using the candidate or 0.628 mg/ml 

using in-house standards.  For this assay, the use of the common standard reduced variability 

from 15.8% CV to 3.9% CV.   

 

The values determined by rate nephelometry decreased using the candidate standards by 

approximately 13%; however results from this method were twice as high as determined by 

HPAEC-PAD, and the highest of any method.  

 

Similar observations were found for the determination of MenX saccharide by phosphorus 

assays. A difference in the average MenX saccharide content of approximately 17% was 

determined when using a common polysaccharide (0.514 mg/ml) compared with using in-house 

chemical standards (0.616 mg/ml). If the data from laboratories 8 and 10 is removed, as 

explained above, from the estimation of the MenX content of the bulk conjugate using the        

in-house reference material the mean estimate is 0.542 mg/ml reducing the difference between 

the two estimated values to 5%.  

 

The HPAEC-PAD assay showed an improvement from the use of the candidate standard, and 

this was particularly noted in the results from lab 9, where the use of a harsher hydrolysis 

method gave very low values when the in-house standard was used. 

 

 Stability of the candidate MenA and MenX polysaccharide standards  

 
HPAEC-PAD and HPLC-SEC 

The amount of MenA PS in an ampoule was compared over time using the HPAEC-PAD assay 

in the three stability studies: real-time, accelerated thermal degradation and reconstituted. The 

amount of PS in the -20
o
C baseline ampoule remained constant (within 6%) for up to 12 months 

(Table 14). In the accelerated thermal degradation study, samples stored up to +56°C for 12 

months showed no temperature-related trend in the MenA content (Table 14). Due to its stability, 

it was not possible to predict a percentage loss of MenA content per year. The MenA content 

also remained constant following reconstitution up to 8 weeks (Table 15).  
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Molecular size analysis of the MenA stability samples stored at -20
o
C and + 4

 o
C for up to 12 

months showed only minor changes in the size of the PS following reconstitution. Following 

storage at +37
o
C and +56

o
C, there was a decrease in the overall size of the PS, after 1 month as 

shown by the decrease in the % eluting by a column distribution coefficient, KD, of 0.37 (Figure 

4). 

 

The amount of MenX PS in an ampoule was compared over time using the HPAEC-PAD assay 

in the three stability studies: real-time, accelerated thermal degradation and reconstituted. In the 

accelerated thermal degradation study samples stored at +56°C showed a small decreasing trend 

in MenX content (Table 16). The MenX content remained constant (within 8%) following 

reconstitution up to 4 weeks but decreased by 28% after 8 weeks (Table 17). This may have been 

due to poor mixing of the sample, as sizing chromatography does not indicate degradation of the 

real-time sample up to 6 months. An additional reconstituted stability study will be set up to 

evaluate the stability of the reconstituted samples.  

 

Molecular size analysis of the MenX stability samples stored at -20
o
C for up to 6 months showed 

no change in the size of the PS following reconstitution (Figure 5). Following storage at +37
o
C 

and +56
o
C, there was a decrease in the overall size, after 1 month, of the PS as shown by the 

decrease in the % eluting by a KD of 0.37 (Figure 5).  

 

Both candidate standards had profiles consistent with high quality, meningococcal 

polysaccharide. Both eluted as a single peak with a KD of 0.37. The MW of both candidates is 

currently being determined by SEC-MALLS. As previously shown [2,15], MenX PS samples 

demonstrated higher stability than MenA PS samples.  Additional stability monitoring of both 

candidate polysaccharides is required before conclusions are drawn.   

 

qNMR 

The amount of MenA and MenX polysaccharide in an ampoule was compared between a sample 

stored at -20
o
C and +56°C after approximately 16 months and 9 months respectively. A 

reduction in the estimated amount of polysaccharide in the MenA PS, 13/246 ampoule from 

0.881 mg to 0.829 mg was observed.  The sample stored at +56°C has an estimated value which 

is 6% lower than the unitage value estimated by NIBSC, including the -20°C sample stored for 

16 months (0.875 mg).  This could be a consequence of difficulties in solubilising the sample 

stored under accelerated temperature conditions or may be due to degradation. qNMR requires 

higher polysaccharide concentrations than the other quantitative methods used in this study. 

Further studies will be carried out to investigate solubility and stability limitations. For the 

MenX PS, 14/156 the ampoule stored at 56
o
C for 9 months had an estimated increase in PS 

content from 0.809 to 0.823mg, an increase of approximately 2%, this difference is within the 

expected variability of this material as described in Table 11.  

 

Discussion 

 
Meningococcal polysaccharide based vaccines rely on physicochemical methods to provide an 

estimation of the polysaccharide content, and in the case of conjugates, on the amount of free 

polysaccharide as a measure of potency. However the methods used worldwide are not well 

standardised and individual laboratories use different reference materials. The candidate 

standards 13/246 and 14/156 have been developed for use by manufacturers and NCLs to 

provide reference materials to standardise MenA and MenX PS quantification. 
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Determination of MenA and MenX saccharide content  

 
In line with WHO guidelines for an International Standard assigned unitage using Système 

International d’Unités (SI) the proposed unit assignment is derived from one physicochemical 

method, namely quantitative NMR which is recognised as a potential primary by Bureau 

International des Poids et Mesures. Ideally the results from one ISO 17511 accredited laboratory 

would be used to assign a value to the standard with a large number of repeats carried out to 

reduce the uncertainty to such a level it can be considered negligible. NIBSC evaluated in-house 

results repeated on eight vials of MenA and seven vials of MenX. In the case of MenA the 

relative standard uncertainty was reduced to 1.31% of the estimate and considering the ampoule 

to ampoule variability this result demonstrates the potential of this approach. The relative 

standard uncertainty for the MenX also based on NIBSC NMR data was 4.30%, higher due to 

the low value estimated for one of the ampoules. 

 

As no laboratory has the required accreditation to assign a value to the material as described 

above there was no valid reason (with the exception of the data from laboratory 8) to exclude any 

of the qNMR data and the result from each laboratory was given equal weighting to assign a 

final value to the contents of the MenA and MenX polysaccharides.  

 

Previous assignments of the quantity of polysaccharide in ampoules by NIBSC have used the 

most common assay in the study, in the case of MenC the resorcinol assay and for Hib the ribose 

assay. However, as the unitage assigned is SI units the use of secondary assays is not 

recommended. Therefore to improve the accuracy of the value assigned and reduce the 

uncertainty qNMR has been selected for the proposed unitage of the standards. As qNMR 

returned a lower estimate for the material than the phosphorus assays of approximately 9% it is 

not surprising that the use of this standard also gives lower polysaccharide content estimations 

for the bulk vaccine material. Therefore if vaccine manufacturers use the candidate material they 

are likely to see a reduction in the total polysaccharide estimates. This will need careful 

consideration for those with established products with proven efficacy. However, scientifically 

the investigators on this project would argue that the use of the assignment of unitage by qNMR 

is the most appropriate of the methods. 

 

Suitability of the candidate standards  

 
The candidate materials were assessed in part 2 of the study for their suitability to use in 

established methods across the laboratories worldwide. The results from this study suggest that 

the candidate materials can be used to estimate the amount of polysaccharide in final vaccines 

and vaccine bulk components. In the assays used in the study, phosphorus (Chen and ICP), 

HPAEC-PAD, rate nephelometry and ELISA, a dose response was seen and a standard curve 

was generated from which the polysaccharide content of unknown material could be determined. 

In the case of HPAEC-PAD the between-laboratory comparability was improved. 

 

Stability and Storage of the candidate standards 

 
Real time stability, reconstituted and accelerated thermal degradation studies are on-going but 

data collected on the PS content of MenA PS candidate do not indicate any stability issues (up to 

12 months) and for the MenX PS candidate (up to 6 months) at -20
 o
C. A size reduction was 

observed for both PS candidates following storage at +37
o
C and +56

o
C and qNMR showed some 

loss of PS when at material is stored at +56
o
C for 16 months. The appearance of the material 

within the ampoules remained constant and whilst there were no reports of issues with 
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reconstitution the difference in the estimated vial contents in the accelerated thermal degradation 

studies by qNMR may be a consequence of incomplete solubilisation. NIBSC will run further 

experiments to investigate solubility. The Instructions for Use will recommend thorough mixing 

as required for meningococcal polysaccharides.  

 

Proposal 

 
Based on the results obtained from this collaborative study, we propose that the MenA PS 

candidate standard 13/246 is established as the 1st International Standard for meningococcal 

serogroup A Polysaccharide with a content of 0.845 ± 0.043 mg MenA PS per ampoule 

(expanded uncertainty with coverage factor of k=2.45), as determined by quantitative NMR. On 

the same basis we also propose that the MenX PS candidate standard 14/156 is established as the 

1
st
 International Standard for meningococcal serogroup X Polysaccharide with a content of 0.776 

± 0.089 mg MenX PS per ampoule (expanded uncertainty with coverage factor of k=2.45), as 

determined by quantitative NMR. The storage condition for both standards is -20 
o
C. 

 

Both standards are for potential use in qNMR assays for quantification of MenA or X PS in bulk 

PS and bulk conjugates of MenA and X monovalent and multivalent vaccines. The standards 

have been assigned a unitage in SI units, because the final product specification for all 

polysaccharide and conjugate vaccines is in SI units, that is, µg per dose. The WHO International 

Standards for Haemophilus influenzae type b capsular PS, and the WHO 1
st
 International 

Standard for meningococcal serogroup C polysaccharide had their unitage assigned in 

mg/ampoule [8,9].  

 

While the content has been assigned based on quantitative NMR assays, the material is 

potentially suitable for use in the quantitation of MenA and MenX content in PS, bulk conjugate 

and final fills by other assays. In this study, assays generally gave a lower result for 

polysaccharide content of a bulk conjugate when using the candidate International Standards as 

compared to in-house standards. This is the first use of quantitative NMR for assignment of 

unitage as it is a non-destructive method, while the phosphorus and HPAEC-PAD methods are 

destructive methods, and the ELISA and nephelometry methods rely on polysaccharide integrity 

or antibody binding.  Previously, the Hib and MenC polysaccharide standards had their unitage 

based on spectrophotometric methods, with unitage traceable to ribose or sialic acid references.  

 

In all of these cases, including NMR, it is the weight of the reference that defines the 

measurement, rather than a physical parameter, which is what defines an absolute method. The 

results obtained by the phosphorus assays are, in both cases, higher than that determined by 

qNMR, and this is likely to be due to moisture content in the standards (i.e. phosphate) that has 

not been measured and accounted for.  The standard’s unitage will be traceable to the reference 

materials used for qNMR. Due to the limited number of labs performing the HPAEC-PAD, 

ELISA and nephelometry, it has not been possible to determine the reason for the differences in 

the individual means from these assays. 

 

 

Participants Comments  

 

A draft version of this report was sent to all participants for comment and to confirm if each 

agreed with the recommendation. 10 of the 11 laboratories replied. No response (1 lab) was 

taken as acceptance of the proposal. All 11 laboratories agreed with the proposal. 
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Relevant comments and our reply are given below: 

 

Participant 5: 

Some of the data used (Lab 9 – 2
nd

 set of replicates) seems to be questionable, as they strongly 

differ from both their initial value and the overall calculated mean of the study (and most likely 

outside of the expected method variability for this platform).  I would recommend not using 

results from Lab 9 as they are inconsistent or perform additional outlier studies to ensure that 

the used data are homogeneously spread.   

 

Lab 9 have repeated their analysis of the candidate MenA standard using nine ampoules, and 

satisfactory replicates were obtained.  These results have been included in Table 12.  

 

The data provided in table 13 do indicate a strong spread and a relatively important bias as 

compared to non-conjugated samples.  Isn’t that indicative that the reference should not be 

recommended for conjugates analysis? 

 

“The spread of the determinations of saccharide content for the bulk conjugates is due mainly to 

the inclusion of methods that are under development, such as ICP and HPAEC-PAD (for 

MenX).  The standards are suitable for use for determining the saccharide content of bulk 

conjugates using the phosphorus determination and HPAEC-Pad methods.  The rate 

nephalometry method gave comparatively higher results, but this is due to the method factors, 

rather than the use of a PS standard.”   The report will contain a statement saying that the use of 

the standard should be validated for individual assays in each laboratory.  

 

It would be interesting to report on the number of replicates that were performed per time point. 

We are investigating within GSK on the best design for the stability monitoring of reference 

material and have developed some stat approaches to ensure robust determination of the 

stability profiles in that context, as the limits to consider should be tighter than for a regular 

commercial vaccines.  

 

Due to the length of the HPLC-SEC runs, a single or 2 replicate injections were made from a 

single sample.  For the HPAEC-PAD, two replicate injections were made from a single sample.  

 

I was wondering whether the use of HPEAC-PAD assay for stability monitoring was appropriate 

as it relies on a hydrolysis of the sample before content determination. 

 

For real-time studies, the use of HPAEC-PAD is certainly justified. Both the phosphorus and the 

HPAEC-PAD rely on hydrolysis.  For the MenA and MenX PS, up to the periods reported, we 

did not see the same discrimination between saccharide contents of samples kept at 37 or 56 C, 

as we did for the MenC PS, as discussed in the Biologicals paper.  For the 1
st
 Hib, we did not see 

an effect, and for the 2
nd

 Hib, we used only the orcinol assay for the stability study, due to 

resource constraints.  We agree that it is necessary to monitor the effect of heavy degradation on 

the degree of depolymerization of standard and sample from different methods.  

 

Participant 11 

qNMR from Lab 9, MenA content from two ampoules was significant lower, if it was due to 

possible loss of material, should those results be excluded?  Or exclude whole results from lab 9? 

See response to participant 5 above. 
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Expert comment 

It is not clear to what extent to what extent the presence of the protein conjugate affects detection 

of the saccharide by the OES (used by lab 8) or the MS (used by lab 9) method. See results in 

Table 13 comparing in-house standard with candidate standard from same laboratory. 
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Annex 2. Calculation of MenA (12/246) and MenX (14/156) PS standard 

residue weight 

MenA saccharide residue weight 

  

Using IUPAC, 2009 

atomic masses 

       Calcium salt, fully O-acetylated 

  

Carbon 12.011 

   

  

Oxygen 15.999 

Atom #Atoms Mass 

  

Hydrogen 1.008 

   

  

Nitrogen 14.007 

Carbon 10 120.11 

  

Phosphorous 30.97376 

Oxygen 9 143.991 

    Hydrogen 15 15.12 

  

Sodium 22.99 

Nitrogen 1 14.007 

    Phosphorous 1 30.97376 

  

Calcium  40.078 

Calcium 0.5 20.039 

        

   Total Mass 

 

344.2408 

       

Calcium salt, de- O-acetylated 

 

MenX residue weight 

Atom #Atoms Mass 

 

Atom #Atoms Mass 

   

 

   

Carbon 8 96.088 

 

Carbon 8 96.088 

Oxygen 8 127.992 

 

Oxygen 8 127.992 

Hydrogen 13 13.104 

 

Hydrogen 13 13.104 

Nitrogen 1 14.007 

 

Nitrogen 1 14.007 

Phosphorous 1 30.97376 

 

Phosphorous 1 30.97376 

Calcium 0.5 20.039 

 

Calcium 0.5 20.039 

   

 

   

Total Mass 302.2038  

 

Total Mass/FW 302.2038 

       Acetylation 

of MenA IS 

=84%  

FW= 

337.515 
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Table 1a. Summary of results from the manufacturer’s analysis of MenA purified bulk PS 

Test Name Specification Result Remarks 

Identity Test Positive agglutination reaction Positive 

agglutination 

reaction 

Complies 

Moisture Content Actual content 13.315 % Complies 

Polysaccharide 

Content 

The phosphorus content should 

not be less than 8% of the dry 

weight of the isolated product 

10.10 % Complies 

Protein impurity Protein content in each lot of 

purified polysaccharide should 

not be more than 1% by weight 

of purified polysaccharide 

0.07 % Complies 

Nucleic Acid 

Impurity 

Nucleic acid content in each lot 

of purified polysaccharide should 

not be more than 1% by weight 

of purified polysaccharide 

0.05 % Complies 

Endotoxin content Less than 100 IU of endotoxin 

per µg of purified polysaccharide 

< 10.00 IU/µg Complies 

O-acetyl content O-acetylated polysaccharide 

should not be less 2MMol/g 

saccharide 

2.68 MMol/g Complies 

Molecular size 

distribution 

At least 65% of polysaccharide is 

eluted before a distribution 

coefficient (KD) of 0.5 is 

reached. 

79.72% Complies 

Calcium Actual content 1.23 PPM Complies 

 

Table 1b. Summary of results from the manufacturer’s analysis of MenX purified bulk PS 

Test  Specification Result 

Description Granulated white, re-suspended in 

a colourless solution 

Pass 

Identity Profile corresponds Pass 

Moisture Content <20% 14.9 % 

Phosphorus content Quantity 9.69 % 

Protein Content <1% 0.057 % 

Nucleic Acid content <1% 0.27% 

Endotoxin content Less than 20 IU of endotoxin per 

µg of purified polysaccharide 

0.08 IU/ µg 

Molecular size  

Kd < 0.5 

% eluting under main 

peak 

 

Report 

 

Kd = 0.21 

98.5% 
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Table 2. Filling and Freeze drying details for MenA and MenX PS 

 

Lyophilization details Men A PS Men X PS 

Amount H2O added prior to fill 10.110 litres added to 

1litre of 11.11mg/mL  

1 litre added to 1.0536 g 

Date of fill 6 March 2014 6 August 2014 

Temperature of fill 4.2-5.3
 o
C 6.1-7.5

 o
C 

Freeze Drying run cycle Freeze at -50
 o
C for 21 hrs 

Lyophilize at -50
 o
C and -20

o
C for 58 hours 

Desorp at 30
o
C for 20 hours   

Date ampoules sealed 10 March 2014 11 August 2014 

Mean Mass of fill and % CV  

(number of ampoules measured) 

1.0069g CV 0.248% 

(436 ampoules) 

1.0077 CV 0.21% 

(54 ampoules) 

Mean dry weight and %CV 

(number of ampoules measured) 

0.00058g CV 21.47% 

(6 ampoules) 

0.00026 CV 38.6% 

(6 ampoules) 

Mean residual moisture 

and %CV 

(number of ampoules measured) 

4.16%  CV 12.9% 

(12 ampoules) 

1.86%  CV 21.1% 

(12 ampoules) 

Mean oxygen head space and % 

CV 

(number of ampoules measured) 

0.31% CV 33.66% 

(12 ampoules) 

0.30% CV 29.96% 

(12 ampoules) 

Number of ampoules for stock 10 683 856 

Label Details 13/246 

Meningococcal Serogroup 

A Polysaccharide 

14/156 

Meningococcal Serogroup X 

Polysaccharide 
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Table 3. Details of the NMR parameters used by participants in the MenA and MenX 

polysaccharide Collaborative Study 

 

Laboratory 5 6 8 9 11 

Field (MHz) 500 400 500 700 500 

Number of 

scans 
96 128 

 

64 

 

128 

128 (Men 

A) 

256 (Men 

X)  

Temperature 

(C) 
25 25 26.85 30 30 

Recycle delay 

(s) 85 4.096 50 30 

39.6 (Men 

A) 10.2 

(Men X) 

Pulse width 

P1  

(degrees) 

90 45 30 30 90 

Pulse 

sequence 
ZG ZG ZG ZG Noesy 1d 

Internal 

standard 

Sodium 

formate 

Maleic 

Acid 

Maleic 

Acid 

Caffeine  

 

TSP* 

(Sigma-

Aldrich 

269913) 

 

*Trimethylsilylpropionic acid sodium salt
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Table 4. NIBSC 
 1

H parameters for qNMR of Men A used for both non-acetylated and De-O 

acetylated samples and for MenX samples    

 

Parameter 
NOESY-1D  

MenA PS MenX PS 

Data File Name 
MenA, NOESY 1D, NS 128 1hour 

43min, lb 0.3 

MenX, NOESY 1D, NS 256 1 

hour 21 min, lb 0.3 

Origin Bruker BioSpin GmbH Bruker BioSpin GmbH 

Solvent d2o_30 d2o_30 

Temperature 303.1 K 303.1 K 

Pulse Sequence noesy1d noesy1d 

Experiment 1D-NOESY 1D-NOESY 

Probe 
5 mm PABBO BB/ 19F-1H/ D Z-

GRD Z113652/ 0150 

5 mm PABBO BB/ 19F-1H/ D Z-

GRD Z113652/ 0150 

Number of 

Scans 
128 256 

Receiver Gain 32 32 

Relaxation 

Delay 
39.6 10.2 

Pulse Width 12.53 9.98 

Acquisition 

Time 
8.7425 8.7425 

Acquisition 

Date 
21/01/2015 27/02/2015 

Spectrometer 

Frequency 
499.78 499.78 

Spectral Width 7496.3 7496.3 

Lowest 

Frequency 
-2481.6 -2495.2 

Nucleus 1H 1H 

Acquired Size 65536 65536 

Spectral Size 131072 131072 
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Table 5. Details of the Phosphorus assay conditions used by participants in the Collaborative Study  

Laboratory 1 2 3 5 6 7 8 9 10 8 9 

Number assays/set 2 2 2 2 2 2 2 4 2     

Method Chen Chen Chen  Chen Chen    Chen Chen Chen ICP-OES ICP-MS 

Standard & references  

Standard 

Potassium 

dihydrogen 

phosphate                    
Merck 

Phosphorus 

standard 

solution 
0.65mM 

phosphorus 

Sigma 

Phosphorus 

standard 

solution 
0.65mM 

phosphorus 

Sigma 

Potassium 

dihydrogen 

phosphate                   
Merck 

tri-Sodium 

phosphate 

dodeca-
hydrate 

Merck 

Potassium 

dihydrogen 

phosphate 
monobasic        

Sigma-Aldrich 

Potassium 

dihydrogen 

phosphate 
monobasic 

dihydrate         

Sigma-Aldrich 

Potassium 

Phosphate 

Monobasic 
Fisher 

Scientific 

Potassium 

dihydrogen 

phosphate           
Applichem 

Phosphorus 

standard for 

ICP 
Fluka 

Analytical 

Phosphorus 

ICP-MS 

standard 
SCP Science 

PlasmaCAL 

1.04873.0250 P3869 P3869 1.04873 1.06578 P0662 71505 P286-1 A3620, 0500 38338 /100ml 140-050-151 

Purity 99.5-100.5% N/A N/A 100% 100.80% 99% 99.8% 99.1%  >99.5% 999mg/l ± 

3mg/l 

1000 µg/ml, 

99.5-100.5% Moisture content  liquid Liquid Liquid Liquid N/A 0.08% N/A <0.2%  <0.2% Liquid Liquid 

Standard curve 

range 
0.25-2 µg/ml 2.5-20 µg/ml 1-8 µg/ml 2.5 to 10 µg of 

P 
1.5-18 µg/ml   0.775-6.2 

µg/ml 

0.1959-1.9585 

µg 
1-9  µg/ml 0.25-2.0 ppm 5-100 ppb 

# levels  4 6 5 3 (2.5 - 5.0 - 
10) 

5   5 5 5 6 5 

OD range 0.102-0.864 0.379-2.856 0.1132-1.1052 0.25 to 1.10 0.08-0.96   0.118-0.627 0.0377-0.4174 0.112-1.029 N/A N/A 

Sample details  

# replicates, #dilutns 3, 1 2, 1 3, 3 Colorimetric 

(the 
determination 

of P content is 

based on 
spectrophotom

etric 

measurement 
of the blue 

color formed 

by the 
reduction in 

acid medium 

of 
phosphorous-

molybdic 

complex with 
ascorbic acid) 

2, 1   2, 1 2, 1 2, 1     

Incubation                       

Method Incubation Water bath 
Furnace and 

water bath  
Dry block 

4 hrs sulfuric 

acid followed 

by 4 hrs with 
perchloric acid 

Water bath    Dry heat Dry heat Water bath     

Temp of incubation 37 °C, 2h 
 250ºC 4h, 

90ºC 5 min 

180ºC 

overnight, 
37ºC 2h 

160°C 37 °C, 90 min   37ºC, 1 h 

100 ºC  ± 5 for 

4 days 
120 ºC  ± 5 for 

1 day 

200 ºC ± 5 for 
6 days 

37ºC, 90 min     

Spectrophotometer 

Pharmacia 
Biotech 

ultrospec 2000 

Shimadzu, UV 

– 2450 

Beckman 
Coulter 

DU640 

Perkin Elmer 

Lambda 35  

Perkin Elmer 

Lamda 40 

Shimadzu UV-
2450PC 

  

SpectraMax 

Micro plate 
reader Series 

2, Model No.-

M4 

Beckman 
Coulter DU 

800 

      

Wavelength 825 nm 825 nm 825 nm 820 nm 820 nm    820 nm 825 nm 820 nm 213.617   

Conversion factor 
  11.11     10.204 12.5   10.897      10.263 

(g MenA PS/gP)  

(g MenX PX/gP)   9.84     9.174 9.174   9.757      9.11 
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Table 6. Details of the HPAEC-PAD conditions used by participants in the Collaborative Study 

Laboratory 9 11 

Number of independent assays on each 

set 

1 1 

Standards MenA PS MenA PS (2 sources) 

D-(+)glucosamine hydrochloride, Sigma 

G4875 

MenX PS 

Concentration of standard 80 nmol/mL (27 ug/mL) Men A PS 

80 nmol/mL D-(+) glucosamine HCl for 

Men X 

1 mg/ml (based on dry weight) 

Moisture content N/A Dried before weighing 

Standard curve 8 to 80 nmol/mL (2.7-27 ug/mL) Men A 

PS for Men A 

8 to 80 nmol/mL D-(+) glucosamine HCl 

for Men X 

0.5-27 µg PS/ml 

# levels 6 5 

Internal spike  G-1-P, 4 µg/ml (MenA) 

  Fuc, 4 µg/ml (MenX) 

Hydrolysis conditions 1M TFA (MenA) 

4M HCl (MenX) 

2M TFA (MenA) 

1M HCl (MenX) 

Incubation 2h, 90°C (MenA) 

20h, 100°C (MenX) 

2 h, 100ºC (MenA) 

2.5h, 100°C (MenX) 

Sample prep details Centrifugal evaporated and reconstituted in 

H2O 

Speedvac dried and reconstituted in 

dH2O 

HPLC Make/ Model Dionex ICS3000 Dionex ICS3000 

Electrode Ag/AgCl Ag/AgCl 

Waveform Quadruple Quadruple 

Column (Carbopac) PA10 PA1 

Guard column AminoTrap, PA10 guard Amino Trap 

Column and autosampler temperature 30ºC (Column) 30ºC (Column) 

 4ºC (Autosampler) 

Eluting condition 0-30min 16mM NaOH 

30-45min, 16-200mM NaOH, 0-200mM 

NaOAc 

45-50min, 200mM NaOH, 200mM NaOAc 

55-60min, 200mM NaOH 

60-62.5min, 200-16mM NaOH 

62.5-70min, 16mM NaOH 

MenA 

0-12min, 100 mM NaOH 

12-35min, 100mM NaOH, 100-224mM 

NaOAc 

35-45min, 400mM NaOH 

45-55min, 100mM NaOH 

MenX 

0-13min, 50mM NaOH 

13-25min, 50mM NaOH, 100-224mM 

NaOAc 

25-35min, 400mM NaOH 

35-45min, 50mM NaOH 

Flow rate, Run Time 1ml/min, 75 min 1ml/min, 55 min (MenA) 

1ml/min, 45 min (MenX) 

Eluting time MenA: 49.1 min MenA: 29 min 

MenX: 14.7 min MenX: 6.4 min 
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MenX Conversion factor 1.07 N/A 
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Table 7. The collated data from seven ampoules of 13/246 summarising calculated ManNAc-P and Men A content including standard deviations from 

individual integration regions denoted by Procno number.  The degree of de-O-acetylation (DeOAc) was recorded for each ampoule.  

Ampoule 

No: 

Internal Std TSP-

d4/ D2O 

  Procno and microgram ManNAc-P 

% 

DeOAc H1 VS TSP H2 VS TSP H3,6 VS TSP H5 VS TSP H4 VS TSP Average of all 

integrals microgram  
SD 

30 1 2 3 4 5 

1 1.01172 85.9 770.09 771.97 760.63 780.45 781.16 772.86 8.43 

2 1.01310 85.3 768.92 755.94 749.39 766.45 757.43 759.63 8.00 

3 1.01048 85.6 789.64 783.85 767.34 796.00 786.85 784.74 10.71 

4 1.00184 85.5 785.86 775.01 754.67 772.91 772.76 772.24 11.21 

5 1.00665 85.3 775.07 772.95 761.15 776.06 778.49 772.74 6.78 

6 1.00510 86.4 792.42 794.95 776.49 790.23 788.90 788.60 7.14 

7 1.00860 87.0 766.55 774.27 761.13 777.55 773.33 770.57 6.62 

  

        

  

Ampoule 

No: 

Internal Std TSP-

d4/ D2O 

  Procno and microgram MenA 

% 

DeOAc H1 VS TSP H2 VS TSP H3,6 VS TSP H5 VS TSP H4 VS TSP Average of all 

integrals microgram  
SD 

30 1 2 3 4 5 

1 1.01172 85.9 877.21 879.35 866.44 889.02 889.82 880.37 9.61 

2 1.01310 85.3 875.88 861.09 853.63 873.06 862.79 865.29 9.11 

3 1.01048 85.6 899.48 892.89 874.07 906.72 896.30 893.89 12.20 

4 1.00184 85.5 895.18 882.82 859.65 880.43 880.26 879.67 12.77 

5 1.00665 85.3 882.88 880.47 867.03 884.01 886.78 880.23 7.72 

6 1.00510 86.4 902.64 905.53 884.51 900.15 898.63 898.29 8.14 

7 1.00860 87.0 873.18 881.97 867.01 885.71 880.90 877.76 7.54 
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Table 8. Quantitative NMR values for MenA PS 13/246 (μg PS per ampoule) from NIBSC only 

 

Ampoule Mean Variance 

1 880.37 92.27 

2 865.29 83.06 

3 893.89 148.85 

4 879.67 163.01 

5 880.23 59.61 

6 898.29 66.23 

7 877.76 56.85 

8 874.78 . 

Mean 881.29  

SD 10.44  

RSD 1.18 %  
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Table 9. Uncertainty determination of MenA PS 13/246 

 

Source How Assessed Value Standard 

Uncertainty 

Relative 

Standard 

Uncertainty 

Weight of the TSP-d4 

reference material 

From calibration data 

(±0.012mg, assuming 

triangular distribution) 

12.700mg 0.005mg 0.04% 

Purity of the reference 

material 

Estimated as 99% ± 1% 

(assuming rectangular 

distribution) 

99% 0.58% 0.58% 

Amount of deuterated 

water added to the sample 

From calibration data 

(±0.019mg, assuming 

triangular distribution) 

1000mg <0.1mg <0.01% 

Random error and 

between-ampoule 

homogeneity 

RSD (Table 8) 881.29μg 10.44μg 1.18% 

Combined relative standard uncertainty 1.31% 
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Table 10. The collated data from 6 ampoules summarising calculated Men X content including standard 

deviations from individual integration regions denoted by Procno number   

 

Ampoule 

No: 

Internal Std TSP-

d4/ D2O 

Procno and microgram Men X 

H2, H3, H4, H5, H6 VS 

TSP 

CH3 VS 

TSP 
Average of all 

integrals 

microgram 

SD 

1 2 

1 1.01670 838.84 811.30 825.07 19.47 

2 1.00450 817.68 820.01 818.85 1.65 

3 1.00110 814.92 817.24 816.08 1.64 

4 1.00210 813.94 814.64 814.29 0.49 

5 1.00190 816.70 818.70 817.70 1.42 

6 1.00400 728.77 736.38 732.57 5.38 

 

 

 

 

Table 11. Quantitative NMR values for MenX PS 14/156 (μg PS per ampoule): 

 

Ampoule Result 

1 825.07 

2 818.85 

3 816.08 

4 814.29 

5 817.70 

6 732.57 

7 836.57 

Mean 808.73 

SD 34.42 

RSD 4.26% 
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Table 12.  Summary of results for Part 1 (mg PS per ampoule) 

 

 

Method Lab 

Sample B (Men A) Sample D (Men X) 

(1) (2) Avg. 
Avg. 

(95% CI) 
CV (%) (1) (2) (3) Avg. 

Avg. 

(95% CI) 
CV (%) 

NMR 

05 0.869 0.833 0.851 

0.845 

  

(0.802 – 

0.889) 

3.2 

0.750 0.724 - 0.737 

0.776  

 

(0.729 – 

0.824) 

3.7 

09 0.820 - 0.820 0.768 0.786 0.774 0.776 

08* 0.440 - - 0.376 - - - 

11 0.881 - 0.881 0.809 - - 0.809 

06 0.845 0.813 0.829 0.809 0.759 - 0.784 

Phosphorus 

10 0.933 0.971 0.952 

0.915 

 

(0.864 – 

0.966) 

 

Chen 

Only: 

0.907 

 

(0.852 – 

0.963) 

8.3 

0.823 0.836 - 0.830 

0.820 

 

(0.778 – 

0.863) 

 

Chen 

Only: 

0.815 

 

(0.767 – 

0.863) 

7.7 

03 0.960 0.946 0.953 0.804 0.791 - 0.798 

01 0.936 0.936 0.936 0.832 0.866 - 0.849 

05 0.876 0.881 0.879 0.790 0.792 - 0.791 

09 0.678 0.787 0.733 0.671 0.717 - 0.694 

09i 0.904 0.833 0.869 0.797 0.769 - 0.783 

07 0.964 0.960 0.962 1.001 0.841 - 0.921 

06 0.884 0.939 0.912 0.802 0.821 - 0.812 

02 0.884 0.887 0.886 0.775 0.791 - 0.783 

08i 1.076 0.987 1.032 0.934 0.879 - 0.907 

08 0.959 0.948 0.954 0.868 0.849 - 0.859 

HPAEC-PAD 

09 0.942 0.934 0.938 

1.076 

 

(0.721 – 

1.431) 

13.3 

0.517 0.505 - 0.511 

0.713 

 

 

 

- 
11a 1.245 1.202 1.224 - - - - 

11b 1.094 1.040 1.067 - - - - 

11 - - - 0.846 0.985 - 0.915 

Nephelometry 04 1.213 1.047 1.130 - - - - - - - - 

ELISA 05 0.825 0.930 0.877 - - - - - - - - 

 

*NMR values from Lab 8 were excluded due to possible degradation from excess maleic acid reference.  

Phosphorus values from Labs 8i and 9i were determined using an ICP method.  

HPAEC-PAD values from Lab 11a and 11b were determined using different in-house MenA PS standards.  

For those values which required conversion factors such as the phosphorus assay-determined values, 

harmonised conversion factors were used as described in the section, Assigning functional weight to MenA 

and MenX PS.  Where participants had applied in-house conversion factors, de-converted values were used. 
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Table 13.  Laboratory mean estimates for bulk conjugate vaccines using (A) candidate standards or (B) in-house standards (mg PS per ml)    

  
Men A Men X 

Method Lab No. Men A Bulk Average Average CV Men X Bulk Average Average CV 

(A) Using candidate material 13/246 or 14/156 

Phosphorus 

10 
   

0.640 23.0 

   

0.514 34.7 

03 0.676 0.664 0.670 0.529 0.529 0.529 

01 0.592 
 

0.592 0.428 
 

0.428 

09 0.654 0.631 0.643 0.525 0.490 0.507 

09i 0.455 0.428 0.442 0.315 0.317 0.316 

07 0.865 0.924 0.894 0.839 0.851 0.845 

02 0.575 0.631 0.603 0.438 0.484 0.461 

HPAEC-PAD 

09 0.503 0.524 0.514 

0.519 3.9 

0.309 0.296 0.303 

0.403 21.6 11 0.504 0.500 0.502 0.442 0.458 0.450 

06 0.534 0.548 0.541 0.425 0.489 0.457 

Nephelometry 04 1.115 1.132 1.124 
       

(B) Using in-house standard material 

Phosphorus 

10 0.562 0.654 0.608 

0.740 29.2 

0.576 0.507 0.542 

0.616 37.3 

03 0.714 0.707 0.711 0.549 0.557 0.553 

01 0.669 0.775 0.722 0.511 0.602 0.557 

09 0.651 0.583 0.617 0.487 0.442 0.464 

09i 0.415 0.401 0.408 0.272 0.265 0.269 

07 1.060 1.008 1.034 0.959 0.929 0.944 

02 0.599 0.589 0.594 0.468 0.459 0.464 

08i 1.064 0.979 1.022 0.908 0.859 0.884 

08 0.926 0.959 0.943 0.849 0.888 0.869 

HPAEC-PAD 

09 0.529 0.523 0.526 

0.628 15.8 

0.149 0.140 0.145 

0.383 64.5 
11a 0.774 0.733 0.753 0.603 0.672 0.638 

11b 0.680 0.634 0.657 
   

06 0.568 0.583 0.576 0.352 0.381 0.367 

Nephelometry 04 1.322 1.259 1.291 
       

Phosphorus values from Labs 8i and 9i were determined using an ICP method.  

HPAEC-PAD values from Lab 11a and 11b were determined using different in-house MenA PS standards.  
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Table 14.  MenA content for the real-time and accelerated thermal degradation samples 

  

MenA PS content             

(mg MenA 

PS/ampoule) 

MenA PS content          

(mg MenA 

PS/ampoule) 

MenA PS content as % -20
o
C 

sample 

Storage time 

(months) -70
o
C -20

o
C +4

o
C +37

o
C +56

o
C 

1   1.220 104.4 101.0 102.8 

2   1.151 106.1 105.7 105.7 

3   1.211 102.5 103.5 104.1 

6 1.204 1.220 102.6 106.8 107.2 

12 1.251 1.225 101.6 103.2 98.9 

 

Table 15. MenA content following reconstitution 

Storage time 

(weeks) 

MenA PS content (mg MenA PS/ampoule)  

+4
 o

C -20
 o

C 

1 1.200   

2 1.255   

3 1.269   

4 1.248 1.195 

8   1.198 

 

Table 16. MenX content for the accelerated thermal degradation samples 

  MenX PS content as % -20
 o

C sample 

Storage time 

(months) +4
 o

C +37
 o

C +56
 o

C 

1 98.0 91.2 89.3 

2 93.1 96.1 86.4 

3 106.7 104.0 95.8 

6 109.3 93.1 98.1 

 

Table 17. MenX content following reconstitution 

Storage time 

(weeks) 

MenX PS content (mg MenX 

PS/ampoule)  

+4
 o

C -20
 o

C 

1 1.203   

2 1.119   

3 1.027   

4 1.077 1.114 

8   0.807 
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Figure 1. Example of 
1
H NMR spectrum obtained for MenA PS (13/246) 
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Figure 2. 
1
H proton spectrum of Men X PS (14/156) including assigned resonance/ peaks with selected integration window
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Figure 3.  Summary of results for Part 1 (mg PS per ampoule) 

 

 

 

                 

                 

Figure 4. Molecular size evaluation of MenA accelerated degradation samples; a) chromatogram of MenA 

samples following 12 months storage, with a vertical bar indicating the KD value used for integration, and b) 

percentage eluting before a KD of 0.37 following storage at -20
o
C to +56

o
C for 1-12 months. 

a. 

b. 
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Figure 5. Molecular size evaluation of MenX accelerated degradation samples; a) chromatogram of MenX 

samples following 6 months storage, with the KD value used for integration indicated by a vertical bar,  and 

b) percentage eluting before a KD of 0.37 following storage at -20
o
C to +56

o
C for 1-6 months. 

a.  

b. 
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Instructions for Use: 
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