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Research Article

Single validation of CE method for
determining free polysaccharide content
in a Brazilian meningococcal C conjugate
vaccine

Neisseria meningitidis group C is an encapsulated bacterium that causes several diseases
and is associated with high mortality rates, thereby constituting a serious public health
problem. Bio-Manguinhos/Fiocruz is developing a conjugate vaccine by covalent attach-
ment of capsular polysaccharide to hydrazide-activated tetanus toxoid through reductive
amination. It is necessary to quantify free components as a quality control process to pre-
vent exacerbated adverse reactions and/or attenuation of vaccine immunogenicity. Thus,
this study aimed to develop and validate a quality control method appropriate for the sep-
aration and quantification of free polysaccharide present in this conjugate N. meningitidis
group C vaccine using CE. CZE was used to remove unbound polysaccharide, and the
electrophoretic conditions were varied to optimize resolution. We were able to develop
and validate the proposed method, which was linear and showed a matrix effect. Repeata-
bility and partial reproducibility of the method were also evaluated. The robustness results
showed that control of temperature is required for reliable results. The validated method
will be used to evaluate the conjugate batches submitted for Phase III clinical studies and
for routine quality control of the conjugate vaccine.
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1 Introduction

Neisseria meningitidis is a Gram-negative diplococcus that
colonizes the pharynx and upper respiratory tract. Thir-
teen groups have been identified based on unique capsular
polysaccharide (PS) antigen compositions. Six of these (A, B,
C, W-135, X, and Y) are responsible for almost all human dis-
eases. The majority of meningococcal disease in Europe and
the Americas are associated with groups B and C, whereas
groups A and C are prevalent in Asia and Africa.

In Brazil, meningococcal disease is endemic, with spo-
radic cases occurring throughout the year. Groups B and
C predominate; however, group C has been associated
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with outbreaks in different regions of the country. Bio-
Manguinhos/Fiocruz has recently produced a PS vaccine
against groups A, C, and W-135 in collaboration with the
Finlay Institute of Cuba. However, PS vaccines are known
to be less immunogenic because they do not elicit a T cell-
dependent immune response and are ineffective in pro-
tecting children less than two years of age. Therefore, Bio-
Manguinhos, the unit within the Oswaldo Cruz Foundation
involved in the production of immunobiologicals, has been
developing a conjugate vaccine against group C meningo-
coccus using tetanus toxoid (TT) as the carrier protein for
several years [1]. The World Health Organization (WHO) rec-
ommends maximum limits for the free components, protein
and PS, remaining after conjugation [2]. The free oxidized
PS yield determines the process efficiency, but the WHO
guidelines do not specify the maximum concentration of this
component in meningococcal C conjugate vaccine.

Several methods have been described for the quantifica-
tion of the PS content in the meningococcal conjugate vaccine
[3–5]. Most of these use detergents such as CTAB and DOC
for precipitating PS and quantify PS using colorimetric and
chromatographic methods [3, 4]. Other techniques employ
the reaction of the antibody against TT to remove free PS
[5]. The majority of these physicochemical methods are dif-
ficult to validate because they require some extraction and
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sample preparation steps before analysis. CE is a widely used
technique and has been useful for separating and identify-
ing many compounds with a high resolution. In the field
of conjugate vaccine, this technique has been used for the
quality control of meningococcal and pneumococcal vaccines
to determine the free protein content [6]. PS from different
meningococcal groups has also been separated and quanti-
fied using this technique [7]. CZE and MEKC are the major
techniques that have been used for studying vaccines.

The aim of the present study was to determine the free
oxidized PS content present in the Brazilian meningococ-
cal conjugate vaccine after separation and quantification us-
ing CE. The method developed is simple to perform and
does not require sample pretreatment. Further, an intra-
laboratory validation was conducted according to the guide-
lines of the Agência Nacional de Vigilância Sanitária (AN-
VISA, National Sanitary Surveillance Agency) and Instituto
Nacional de Metrologia, Qualidade e Tecnologia (INMETRO,
National Institute of Metrology, Quality, and Technology).

2 Materials and methods

2.1 Samples

2.1.1 Oxidized PS

Native PS was produced from the vaccine strain 2135 of
N. meningitidis group C and was purified and analyzed ac-
cording to the procedures described for meningococcal vac-
cine production [3, 8]. Oxidized PS was produced by reacting
native PS with 23.4 mM sodium periodate at 4�C as described
previously [1]. Tangential flow ultrafiltration was used in the
purification process (Centrasette, Pall BioPharmaceuticals)
to remove unreacted reagents [9]. For CE, oxidized PS was
diluted in water to 1 mg/mL. To determine the working con-
centration, PS samples were analyzed using a spectrophoto-
metric method [10].

2.1.2 Conjugate bulk

The conjugate bulks were prepared by forming covalent bind
between the aldehyde groups of oxidized PS and the hydrazide
groups generated in the protein (TT, produced by Butantan
Institute, São Paulo, Brazil). The reaction was performed as
described by Silveira et al. [1] using sodium cyanoborohy-
dride as a reducing agent. Upon completion of the reaction,
all bulks were diluted with 1 mM phosphate buffer, pH 7.0.
Tangential flow ultrafiltration was used in the purification
process (Centrasette, Pall BioPharmaceuticals) to remove un-
reacted reagents, by-products, and unconjugated oxidized PS
[9]. For CE, the concentration of conjugate bulk prepared by
Bio-Manguinhos/Fiocruz must be in the range of approx-
imately 1–3 mg/mL protein and 1–2 mg/mL PS. The PS
content was determined using a spectrophotometric method
[10].

2.2 Instrumentation

Free oxidized PS was purified and quantified using a CE sys-
tem (HP 3D CE), with a photodiode array detector equipped
with forced air temperature control, platinum electrodes, and
ChemStation Software G1601A for instrument control and
data analysis. A fused silica capillary coated with polyimide,
112.5 cm in length, effective size of 104 cm, and 50 �m in
inner diameter (Agilent Technologies, USA) was used. CZE
was chosen for PS separation based on the molecular char-
acteristics, size, and charge [11, 12]. A wavelength of 200 nm
was used for these experiments.

2.3 Reagents and experimental conditions

Separation buffer was freshly prepared on the day of use by
mixing 50 mM of sodium tetraborate (TBNa) with Milli-Q
purified water. The pH was adjusted to 10 with 1 M sodium
hydroxide (NaOH). The capillary was rinsed with 1 M NaOH,
Milli-Q purified water, and separation buffer for 10, 10, and
30 min, respectively. The capillary was rinsed prior to each
separation with 0.1 M NaOH and water for 3 min each and
with separation buffer for 5 min.

2.4 Method development

The initial separation of conjugate bulk using CE incorpo-
rated some of the conditions described by Lamb et al. [7] as
follows: 20 mM TBNa buffer, pH 9.3, 72 cm fused silica cap-
illary. However, several studies were required for optimizing
parameters, such as capillary length, buffer concentration,
pH, temperature, voltage, and current, until the final condi-
tions were established (data not shown) as follows: 50 mM
TBNa buffer, pH 10, 30 kV, 40�C, and 104 cm effective capil-
lary length.

2.5 Selectivity

The free oxidized PS peak was identified by fortifying the con-
jugate with oxidized PS and comparing the migration times
of the peak observed in the sample with that of oxidized PS
alone. In addition, the migration times of other components,
conjugate, and protein that could interfere were evaluated.

2.6 Intralaboratory validation

The method was validated according to the parameters rec-
ommended by Brazilian regulatory agencies [13, 14].

2.6.1 Linearity

Concentrations of oxidized PS used to establish the calibra-
tion line were determined according to those recommended
by WHO for the Haemophilus influenzae type b conjugate
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vaccine. This vaccine was the first for which the limit of free
sugar (20%) was described [15]. From this limit, a calibration
line was developed using seven concentrations of PS varying
in uniform steps from 5 to 35% with range of 5%. The cen-
tral point concentration of the curve was equivalent to the
maximum expected concentration of free sugar in conjugate
vaccines. Solutions were prepared from two stock solutions
of oxidized PS and diluted in Milli-Q water to determine if the
concentration line was linear using the corrected peak area
(CPA).

2.6.2 Matrix effect evaluation

To evaluate if the matrix interferes with the quantification
of PS, the calibration line was generated using the matrix
(the conjugate bulk sample) as the solvent instead of buffer.
Therefore, we added the same amounts of oxidized PS tested
for linearity to the conjugate sample and determined the vari-
ation in homogeneity for the tests using the solvent and the
matrix. The slopes of the curves and their intercepts were
compared using t-test.

2.6.3 Detection and quantification limits

LOD and LOQ were estimated using the SD of the slope and
intercepts of the calibration line.

2.6.4 Repeatability

Repeatability was determined by repeated analysis of the con-
jugate sample. The migration time and CPA related to oxidize
PS were evaluated. Analyses were performed using three dif-
ferent vials, and the content of each vial was determined four
times. Repeatability was determined by comparing the values
obtained according to the Horwitz equation and HorRat (Eqs.
(1) and (2)) [15].

PRSD(%) = 2 . C−0.1505 (1)

where PRSD is the predictive RSD and C is expressed as a
mass fraction.

HorRat = CVrepe(%)
2

3
PRSDR

(2)

where HorRat is a theoretical value of repeatability to evaluate
methods acceptance calculated using the Horwitz equation,
and CVrepe is the repeatability relative standard deviation.

2.6.5 Partial reproducibility

Experiments were conducted on two different days by two
different analysts to determine how these changes affect rou-
tine analysis. Partial reproducibility was evaluated through

the intermediary standard deviation (Si). The results were an-
alyzed according to the validation analytical methods guide
[13], using the equation:

Si( j,k) =
√√√√ 1

2 · t
·

t∑
j=1

(
y j 1 − y j 2

)2
(3)

where t is the total number of samples assayed, j the num-
ber of samples, k the number of repetitions, and yj1 and yj2

correspond to the first and second results obtained for the jth

sample, respectively.

2.6.6 Robustness

The method’s robustness was determined by electrophoretic
analysis of samples under different conditions. Each change
in condition was tested three times and included varying
the pH (from 9.5 to 10.0 and 10.5) and temperature (from
35 to 40�C and 45�C). The effect of these modifications on
the retention times and CPA values for the free oxidized
PS concentration was determined. The effect of variations
on the method was analyzed by multiple comparisons using
statistical tests (ANOVA, LSD test, p < 0.05).

2.7 Determination of PS content

The free oxidized PS content in different batches of conjugate
bulk was determinated from the slope of the calibration line
of the mixture using the conjugate as the matrix. The conju-
gate bulks used for these analyses were MPCT 04/10, MPCT
01/11, PSC-TT 31/12, MPCT 01/12, and MPCT 02/12.

3 Results

3.1 Method development

This study was undertaken to develop a method that al-
lows separation and quantification of free oxidized PS in
a meningococcal group C conjugate bulk produced by Bio-
Manguinhos/Fiocruz, a Brazilian Federal Institution, and
that could be used to determine the consistency of batches
of conjugate bulk by evaluating the incorporation of PS dur-
ing the conjugation reaction. CZE was chosen to separate
free oxidized PS from the conjugate. Two peaks were ob-
served using 20 mM borate buffer. Free oxidized PS was com-
pletely separated from the conjugate by CZE using 50 mM
TBNa buffer, 40�C, 30 kV, and pH 10; with migration time
of 26.8 min. Other molecules present in the conjugation re-
action, such as the conjugate and activated TT, have a similar
migration time (approximately 21.5 min (data not shown)).
We next identified the peaks by spiking the conjugate sample
with oxidized PS and observing its migration time (Fig. 1).
Through these analyses, oxidized PS was identified as the
second peak shown in the electropherogram.
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Figure 1. Overlapped electropherograms of conjugate bulk spiked with oxidized PS (A) and oxidized PS alone (B), showing the similarity
in migration of the samples. Analyses were performed using a fused silica capillary, 112.5 cm (104 cm effective length) × 50 �m (id),
using 50 mM TBNa, pH 10. Separation was performed using 30 kV (normal polarity) at 40�C. The identity of the major peaks is indicated.

Figure 2. Oxidized PS analyti-
cal curves confectioned to eval-
uate the matrix effect. (A) Curve
confectioned in the solvent, (B)
curve confectioned in the conju-
gate sample.

3.2 Calibration line preparation

Free oxidized PS at 20% concentration was used as refer-
ence. Calibration lines were determined using seven concen-
trations of free oxidized PS ranging from 5 to 35% and were
linear (Fig. 2).

To study the matrix effect, these same concentrations of
oxidized PS were added to the conjugate. CPA values deter-
mined for oxidized PS dissolved in the matrix were subtracted
from the mean CPA values of the second peak observed in the
conjugate sample electropherogram. The linear (a) and angu-
lar (b) coefficients similarity between the curves confectioned
in the buffer and in the sample were compared using t-test.
The t-values found for linear and angular coefficients were
ta = 2.79 and tb = 3.28, respectively. Both coefficients were
higher than the acceptance criterion (2.09), indicating the in-
fluence of the matrix on the quantification. Therefore, PS was
quantified by standard addition using the matrix (conjugate
bulk) for calibration line confection in each batch.

We next determined the linearity of the assay. LOD and
LOQ were determined as 0.0154 and 0.0454 mg/mL, respec-
tively. Because the lowest concentration (5%, 0.024 mg/mL)
of the curve was below LOQ, only six concentrations were
used to validate the method.

The linear range of the assay for quantifying free oxidized
PS was between 0.047 and 0.164 mg/mL, which corresponded
to the interval from 10 to 35% of free PS.

3.3 Precision

The repeatability of the method was deduced by introduc-
ing the same amount of conjugate sample from four differ-
ent vials three times and determining the migration times
and CPA values of the oxidized PS peaks. The coefficients of
variation were 2.02 and 2.36% for CPA and migration time,
respectively. Using equations 1 and 2, the predicted relative
standard deviation and the HorRat coefficient were deter-
mined for migration time as 2.015% and 0.27, respectively,
and the CPA values were 2.85 and 0.43, respectively. These
values were satisfactory as per acceptability criteria (HorRat
≤ 2).

Further, partial reproducibility was evaluated according
to Si, and the maximum value observed was 4.92 for 35%
oxidized PS and the minimum was 1.63 for the 20% concen-
tration. All values were satisfactory as per the acceptability
criteria.
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Table 1. Quantification of free polysaccharide in some batches of
conjugate bulks

Conjugate Lots % Free PS

MPCT 04/10 34.29
MPCT 01/11 19.08
PSC-TT 31/12 <10
MPCT 01/12 <10
MPCT 02/12 <10

3.4 Robustness

Robustness was evaluated by noting small variations of the
electrolyte pH and cassette temperature during analysis, and
all data showed a normal distribution according to “skewness”
and “kurtosis” pattern. Variance analyses revealed that the
results obtained by changing the pH range from 9.5 to 10.0
and 10.5 were not significantly different (with p = 0.79).

For temperature evaluation, the data normality was veri-
fied using the method described above. Variance analyses of
these data showed a significant difference (p < 0.05) between
the values obtained using temperatures from 35 to 45�C.

3.5 Evaluation of conjugate batches

Several batches of conjugate bulk were analyzed using the
method described and validated. The values determined for
free oxidized PS quantification in some of these batches are
presented in Table 1. The evaluation of these batches showed
values below the limit of 20%, except batch MPCT 04/10.

4 Discussion

Many disease outbreaks caused by N. meningitidis group C
in Brazil in the last few years have been documented [16].
Bio-Manguinhos/Fiocruz has been developing a conjugate
vaccine by covalent attachment of capsular PS to TT, which
will be evaluated in Phase III clinical studies [1]. All produc-
tion and purification steps of batches produced at different
scales have been developed in the bulk production process.
Thus, various methods in process control were standardized
for bulk and final product to verify the presence of residues of
reagents used in the conjugation step [1]. The present study
developed a suitable method for the separation and quantifi-
cation of free PS in the Brazilian meningococcal C conjugate
vaccine using CE.

Initially, the parameters of CE published by Lamb et al.
were used [6] to further establish the optimal conditions for
separating free oxidized PS from the conjugate bulk. In gen-
eral, the main parameter that influenced analysis resolution
was the pH, as previously reported by Camilleri [11]. The con-
ditions employed here allowed the detection of two peaks with
a good resolution, and the second was identified as free oxi-

dized PS. After separation and identification, it was possible
to determine the concentration of unbound PS.

Previous studies have described mainly physicochemi-
cal and chromatographic methods for determination of free
PS in conjugate vaccines [3, 17, 18]. Cuello et al. [5] stud-
ied the use of anti-TT antibodies to separate and measure-
free sugar in the conjugate by molecular exclusion liquid
chromatography. However, the separation results were not
presented. Similarly, Cuervo et al. [19] did not present the
separation profile in stability studies of a H. influenzae type
b conjugate vaccine applying the same technique. Silveira
et al. [1] also used the method described by Cuello et al. [5] to
evaluate the conjugate profile used in the Brazilian meningo-
coccal group C conjugate vaccine and did not observe a free
PS profile. Law et al. [20] described a method to separate free
PS from a conjugate vaccine against N. meningitidis group C
using diphtheria toxoid as carrier protein. These researchers
made a sample precipitation with DOC and determined the
free PS content in the supernatant by colorimetric assay and
ion exchange chromatography with amperometric detection.

These methods require an extraction phase and a sample
preparation procedure that introduces more variables and
prolongs the time of analysis [1, 20]. Moreover, these steps
hinder the methodology validation in process control.

In contrast, the CE methodology does not require sample
preparation, uses small amounts of buffer and sample, has a
high resolution power, and can be performed in a short time
period. Lamb et al. [7] used CE to separate and quantify the PS
of different meningococcal groups of a polysaccharide vaccine
and also described the separation of free protein in some
pneumococcal and meningococcal conjugate vaccines using
this technique. However, these studies did not address the use
of the methodology for the separation and quantification of
free PS in conjugate vaccines as demonstrated in the present
study.

During the methodology single validation all parameters
(linearity, selectivity, repeatability, and partial reproducibil-
ity) studied were satisfactory. Moreover, a matrix effect was
observed, indicating that all analysis for quantification of free
PS must be performed by adding oxidized PS to the matrix
(conjugate bulk). Robustness was not affected by pH varia-
tion; however, there were significant differences in the results
when analysis was conducted at 40�C. Therefore, the temper-
ature should be strictly controlled, because it could reduce
the reliability of the quantification of free PS.

After validating the CE method, five samples of conjugate
bulk produced by Bio-Manguinhos/Fiocruz were analyzed,
and the concentration of free oxidized PS in only one sample
exceeded 20%. Evaluation of the free sugar concentration is
extremely important in the development of conjugate vaccine,
because repeated administration of the N. meningitidis groups
C, Y, and W-135 PS vaccine to adults and children has been
described to induce immunological tolerance [21–24]. The
results obtained in this study confirmed the suitability of
CE for the separation and quantification of free sugar in the
Brazilian meningococcal C conjugate vaccine. Therefore, our
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study supports the introduction of this validated method for
routine quality control of vaccines batches in the future.
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