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Introduction
Streptococcus pneumoniae is the leading cause of 

invasive pneumococcal diseases (septicemia, menin-
gitis and bacteraemic pneumonia) and non invasive 
pneumococcal diseases (sacute otitis media, non-
bacteraemic pneumonia, sinusitis and bronchitis) 
in young children and affects people with chronic 
obstructive pulmonary disease [1]. Polysaccharide 
vaccines contain purified capsular polysaccharides 
and induce a B-cell dependent immune response 
via release of immunoglobulin M (IgM). Until re-
cently the only pneumococcal vaccine approved for 
use in adults in the USA and Europe is 23-valent 
pneumococcal polysaccharide vaccine (PPSV23) [1, 
2]. Antibodies against PPSV23 antigens persist ten 
years after vaccination [3]. PPSV23 provides partial 
protection against invasive pneumococcal disease 
in young healthy patients and protect against pneu-
mococcal infection in patients with lung disease 
[4], but appears to have limited impact on this risk 
among older patients. Revaccination is needed for el-
evation of antibody responses in adults aged 65 [5]. 
Unconjugated vaccines do not induce immune mem-
ory and children below 2 years of age. This limitation 
is overcomed by covalent linkage of polysaccharide 
antigens to different carrier proteins: protein D from 
E. coli strain B1084 [6]; tetanus toxoid from C. tetani 
strain No 49205 Y-IV-4 or diphtheria toxoid from 
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Abstract. The aim of current study is the determination of content of bound protein in conjugated 
vaccines  by applying UV – spectrophotometry. The obtained regression equation: y = 8623.x + 
0.0507, shows the proportional accordance А = f (C) in linear concentration range: 1.10–5 µg/ml 
÷ 9.10–5 μg/ml. Accuracy is presented by the degree recovery R (%) ± RSD (%), which for results 
suit relevant confidence interval: 94.09 % ÷ 102.91 % (СP17); 98.91 % ÷ 103.1 % (СP40.5); 99.14 % 
÷ 100.30 % (СP64). Precision (repeatability) is determined by: SD, RSD and confidential interval. 
All  results for the obtained content of protein in model mixtures correspond to the relevant con-
fidence interval: 15.13 ÷ 17.65 (СP17); 39.54 ÷ 42.28 (СP40.5), 63.12 ÷ 64.52 (СP64).  The obtained 
quantity protein in vaccine is (29.23 µg ÷ 36.51 µg)/0.5 ml and suit to the higher labeled content: 
(27.2 µg ÷ 36.8 µg)/0.5 ml.
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Corynebacterium diphtheriae strain C7 (β197). In 
comparison with unconjugated pneumococcal poly-
saccharide vaccines the developped pneumococcal 
protein conjugated vaccines are capable of induc-
ing T-cell memory and are more effective against 
bacterial pathogens Haemophilus influenzae type 
b, Streptococcus pneumoniae and Neisseria menin-
gitides, due to increased immunogenicity as a result 
of a link of the polysaccharide antigen to a nontoxic 
protein carrier [7].

Synflorix is the very often applied second genera-
tion 10-valent conjugated vaccine, composed of 10 
polysaccharide serotypes, individually conjugated re-
spectively to protein D from E. coli strain B1084 (1, 
5, 6B, 7F, 9V, 14 and 23F), tetanus toxoid (18C) and 
diphtheria toxoid (19F). In comparison with 7-valent 
conjugated vaccines, Synflorix contains three more 
pneumococcal serotypes (1, 5 and 7F), which cause 
13% of all invasive pneumococcal diseases in chil-
dren below 5 years of age [8].

Other applied diphtheria protein conjugated pneu-
mococcal vaccines are: 5-valent  Prevenar 5 (PCV5): 
5 serotypes (6B, 14, 18C, 19F, 23F) and 7-valent 
Prevenar 7: 7 serotypes (4, 6B, 9V, 14, 18C, 19F, 
23F) [9]. 3) Prevnar 13: 13 serotypes: (1, 3, 4, 5, 6A, 
6B, 7F, 9V, 14, 18C, 19A, 19F, 23F) [10].

Synflorix induces the more potent immune re-
sponse in children than PCV7 [8, 11] and randomized 
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trials revealed that since the introduction of Synflorix 
in the USA in 2000 in children population the effi-
cacy is 97.4% in prevention of invasive pneumococ-
cal disease [8, 12] and 57% against vaccine serotype 
pneumococcal acute otitis media [8, 13]. In compari-
son with PCV7, Synflorix is more effective against 
pneumonia [8, 14] and pneumococcal meningitis 
[8, 15], HIV-infected patients [20, 16] and induces 
a greater functional antibody response than PPSV23 
in adults aged 50-80 years [8, 17]. In comparison to 
Prevnar [7] the  new serotypes added to Sinflorix are 
responsible for approximately 50% to 65% of the 
current cases of invasive pneumococcal diseases, oc-
curring among children [8].

Free pneumococcal polysaccharides are deter-
mined by: 1) high performance anion exchange 
chromatography with pulsed amperometric detec-
tion (HPAEC-PAD) in polysaccharide-diphtheria 
toxoid conjugate vaccines [18] and in tetanus tox-
oid-conjugate vaccine [19, 20]; 2) HPLC with re-
verse phase and fluorescence detection [21]; 3) 
nephelometric method in a polyvalent pneumo-
coccal conjugate vaccine with (β197) [22]. For the 
quantification of the capsular polysaccharide polyri-
bosyl ribitol phosphate are applied: 1) HPAEC-PAD 
[23]; 2) phosphorus assay by inductively coupled 
plasma-atomic emission spectrometry haemophilus 
influenza type b conjugate vaccines [24]. 

In aluminum hydroxide (Alhydrogel) based 
vaccines proteins are determined by fluorescent 
assay using the o-phthalaldehyde reagent [25]. In 
protein-polysaccharide conjugate consisting of 
Streptococcus pneumoniae or Neisseria meningidi-
tis polysaccharide, covalently linked to diphtheria 
toxoid, the free carrier protein is analysed by micel-
lar electrokinetic chromatography with an internal 
standard (myoglobin), using  capillary 67 cm, 350 
mm i.d.; separation buffer: 2.5 ml 0.2 M  sodium 
dodecyl sulfate : 15 ml 0.05 M sodium borate bo-
rate, pH = 9.2; voltage: 30 kV; temperature – 208oC; 
UV detection at λ = 200 nm [26]. In meningococ-
cal polysaccharide-diphtheria toxoid conjugate vac-
cines free protein diphtheria toxoid is determined by 
capillary electrophoresis using alkaline (pH 9-10) 
borate or glycine/NaOH buffers [27].

The aim of current study is the determination of 
content of bound protein in conjugated Synflorix vac-
cines by applying UV – spectrophotometry.

Мaterials and methods
Мaterials: І) Reference standard: bovine serum 

albumine. ІI) Reagents with analytical grade quality: 

sodium edentate, disodium hydrogen phosphate, alu-
minium hydroxide, distilled water. III) Synflorix vac-
cine batch N: ASPNA259AE (Glaxo Smith Cline).

Мethod: UV-spectrophotometry. 

I) Preparation of solutions of reference standard 
bovine serum albumine for linearity.

An accurately weighed quantity of reference 
standard bovine serum albumine: 1 mg, 2 mg, 3 mg, 
4 mg, 5 mg, 6 mg, 7 mg, 8 mg, 9 mg was dissolved in 
volumetric flask to 100.0 ml with distilled water, to 
obtaine concentrations: 1.10–5 g/ml, 2.10–5 g/ml, 3.10–

5 g/ml, 4.10–5 g/ml, 5.10–5 g/ml, 6.10–5 g/ml, 7.10–5 g/
ml, 8.10–3 g/ml, 9.10–5 g/ml.  

II) Preparation of model mixtures from reference 
standard bovine serum albumine for accurasy 
and precision (repeatability). 

Three types equal homogenous model mixtures 
were prepared by dissolving in volumetric flasks 
of 10.0 ml in destilled water the reference stand-
ard bovine serum albumin to obtain solutions, con-
taining the lower (P17, 17 µg), middle (P41, 41 µg) 
and upper (P64, 64 µg) labeled content of protein in 
conjugated vaccine. 

III) Preparation of sample of conjugated vaccine.
The analysed vaccine was centrifugated for 15 

min. at 5000 rpm. The obtained precipitate was re-
suspended in 5 ml fresh prepared desorbtion mixture, 
containing 1 ml 56 g/l solution of sodium edetate and 
49 ml 90 g/l solution of disodium hydrogen phos-
phate. In process of desorbtion during incubation at 
37оС for 48 h., proteins are desorbed from aluminium 
hydroxide. The sample was centrifugated for 15 min. 
at 5000 rpm. 

The absorbance of all solutions was measured at 
λ = 280 nm, using distilled water as blank solution.

Results and discussion
In accordansce to ICH guideline the validation 

of spectrophotometric method for analysis of pro-
tein in conjugated vaccines  is presented by estima-
tion of analytical parameters: linearity, accuracy 
and precision. 

I) Validation of analytical parameter linearity: ap-
plication of method of linear regression analysis. 

For the validation of analytical parameter linearity 
the solutions with decreasing concentration of refer-
ence standard bovine serum albumine were analyzed 
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by the written UV- spectrophotometric method. For 
every concentration (C) in µg/ml was measured the 
respective value of the absorbtion (A) in absorbtion 
units (AU) at λ = 280 nm. The spectra and the data 
for absorbances of standard solutions for linearity are 
illustrated on Fig. 1.

The experimental results were putted into lin-
earity regression analysis. The regression cali-
bration curve was built. The obtained regression 
equation: y = 8623.x + 0.0507, shows the propor-
tional accordance А = f (C) in linear concentra-
tion range: 1.10–5 µg/ml ÷ 9.10–5 μg/ml, where the 
Buge - Lambert - Beere law is valid. Coefficient 
of regression (R) is calculated: R2 = 0.961. SD for 
the slope is 597.498856 and SD for the intercept is 
0.033623139. 

The calibration curve with reference standard 
bovine serum ablumine at λ = 280 nm is presented 
on Fig. 2.

II) Validation of spectrophotometric method for 
analytical parameters accuracy and precision (re-
peatability). 

For model mixtures with bovine serum albumine 
(Fig. 3.) and for vaccine Synflorix (Fig. 4.) the spec-
tra and absorbances λ = 280 nm are presented.

On Table 1. are summarized data for: 1) added 
quantity of reference standard in model mixtures: 
P17, P40.5, P64; 2) weighed quantity (W) of model mix-
tures for analysis: W P17, W P40,5, W P64; 3) values for 
absorbance (A) of solutions of model mixtures with 
in distilled water at λ = 280 nm: AP17, AP40.5, AP64; 4) 
Chauvenet′s criterion for absorbance (UA): U AP17, U 
AP40.5, U AP64. 

Content of protein in model mixtures and in vac-
cine  is obtained by method of calibration curve. On 
Table 2. (model mixtures) and Table 3. (vaccine) are 
indicated: N - number of the individual measure-
ments (1 ÷ 3; 1 ÷ 6); C - obtained quantity of bovine 
serum albumine: CP17, CP40.5, CP64 and of protein in 
vaccine (CSynflorix); UC - Chauvenet′s criterion for C: 
R (%) – recovery for C: URP17, URP40.5, URP64; U 
CSynflorix; 

___

X - arithmetical mean; standard (SD) and 
relative standard deviation (RSD) (%); S

___

X - mean 

For the validation of analytical parameter linearity the solutions with decreasing 

concentration of reference standard bovine serum albumine were analyzed by the written UV-

spectrophotometric method. For every concentration (C) in µg/ml was measured the respective 

value of the absorbtion (A) in absorbtion units (AU) at λ = 280 nm. The spectra and the data for 

absorbances of standard solutions for linearity are illustrated on Fig. 1.

Fig. 1. Spectra for absorbances of reference standard bovine serum albumine.

The experimental results were putted into linearity regression analysis. The regression 

calibration curve was built. The obtained regression equation: y = 8623.x + 0.0507, shows the 

proportional accordance А = f (C) in linear concentration range: 1.10–5 µg/ml ÷ 9.10–5 μg/ml, 

where the Buge - Lambert - Beere law is valid. Coefficient of regression (R) is calculated: 

R2 = 0.961. SD for the slope is 597.498856 and SD for the intercept is 0.033623139. 

The calibration curve with reference standard bovine serum ablumine at λ = 280 nm 

is presented on Fig. 2.

Fig. 2: Calibration curve for linearity for bovine serum ablumine at λ = 280 nm.

II) Validation of spectrophotometric method for analytical parameters accuracy and 

precision (repeatability).

For model mixtures with bovine serum albumine (Fig. 3.) and for for vaccine Synflorix 

(Fig. 4.) the spectra and absorbances λ = 280 nm are presented.

Fig. 3. Spectra and absorbances of model mixtures of bovine serum albumine.

Fig.1. Spectra for absorbances of reference standard bovine serum albumine

Fig.2. Calibration curve for linearity for bovine serum ab-
lumine at λ = 280 nm.
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quadratic error; P - confidence possibility (%); t - co-
efficient of Student;

___

X ÷ t.S
___

X - confidence interval 
(CI); E - relative error.

For all values the obtained results for Chauvenet’s 
criterion (Table 3.) are lower than tandard UC < 1.68, 
which confirm, that all experimental data suit stand-
ard requirements. For the assessment of accuracy 
and precision is calculated sample standard deviation 
(SD), by the applying of the Bessel’s correction, in 
which the denominator N - 1 (degrees of freedom) is 
used instead of N and in this case (S)2 is an unbiased 
estimator for (SD)2. Analytical parameter accuracy is 
presented by the degree recovery R (%) ± RSD (%). 

Data show that at P = 92 % all results for R, suit rele-
vant CI: 94.09 % ÷ 102.91 % (СP17); 98.91 % ÷ 103.1 
% (СP40.5); 99.14 % ÷ 100.30 % (СP64). For the esti-
mation of an analytical parameter precision (repeat-
ability) is used the uncertainty of the result, which is 
determined by: SD, RSD and confidential interval. At 
confidence possibility P = 92 % (t = 2.92) all data for 
the obtained content of protein in model mixtures and 
conjugated vaccines correspond to the relevant CI. 

conclusion
For quality control of bound protein in conjugated 

vaccines is applied UV-spectrophotometric method. 

Fig. 4. Spectra and absorbances for vaccine.

On Table 1. are summarized data for: 1) added quantity of reference standard in 

model mixtures: P17, P40.5, P64; 2) weighed quantity (W) of model mixtures for analysis: W

P17, W P40,5, W P64; 3) values for absorbance (A) of solutions of model mixtures with in 

distilled water at λ = 280 nm: AP17, AP40.5, AP64; 4) Chauvenet′s criterion for absorbance 

(UA): U AP17, U AP40.5, U AP64.

Таble 1. Absorbance of model mixtures of reference standard with bovine serum albumine.

Fig. 4. Spectra and absorbances for vaccine.

On Table 1. are summarized data for: 1) added quantity of reference standard in 

model mixtures: P17, P40.5, P64; 2) weighed quantity (W) of model mixtures for analysis: W

P17, W P40,5, W P64; 3) values for absorbance (A) of solutions of model mixtures with in 

distilled water at λ = 280 nm: AP17, AP40.5, AP64; 4) Chauvenet′s criterion for absorbance 

(UA): U AP17, U AP40.5, U AP64.

Таble 1. Absorbance of model mixtures of reference standard with bovine serum albumine.

Fig.3. Spectra and absorbances of model mixtures of bovine serum albumine

Fig.4. Spectra and absorbances for vaccine
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Added content of reference standard bovine serum albumine in model mixtures and weighed 
quantity of model mixtures.

N : P17 [µg] W P17 [g] P40.5 [µg] W P40.5 [g] P64 [µg] W P64 [g]
1. 16.4 0.0164 40.2 0.0402 63.8 0.0638
2. 16.5 0.0165 40.5 0.0405 64.0 0.0640
3. 17.0 0.017 40.8 0.0408 64.2 0.0642

Absorbanse of model mixtures of reference standard Bovine serum albumine and Chauvenet′s 
criterion criterion for absorbanse (U A).

N : AP17 U AP17 AP40.5 U AP40.5 AP64 U AP64

1. 0.18819 0.64 0.39639 1.07 0.59776 0.97
2. 0.18898 0.52 0.40483 0.15 0.60112 0.05
3. 0.19981 1.15 0.41014 0.92 0.60506 1.03
___

X 0.19233 0.40379 0.60131

SD 0.00649 0.00693 0.00365
RSD [%] 3.37 1.72 0.61

Table 1. Absorbance of model mixtures of reference standard with bovine serum albumine

Table 2. Obtained quantity (C) of bovine serum albumine in model mixtures, recovery for C (RC) (%) and Chauvenet′s 
criterion for C (UC)

N: СP17
[µg]

RСP17
[%] UСP17

СP40.5
[µg]

RСP40.5
[%] UСP40.5

СP64
[µg]

RCP6
[%] UСP64

1. 15.91 97.01 0.64 40.05 99.63 1.06 63.41 99.39 0.98
2. 16.00 96.97 0.52 41.03 101.31 0.15 63.80 99.69 0.05
3. 17.26 101.53 1.16 41.65 102.08 0.91 64.25 100.08 1.02

___

X ± SD
16.39 ±

0.75
40.91 ±

0.81
63.82 ± 

0.42

__

R  [%] ±
RSD [%]

98.50 ±
2.66

101.01 ±
1.24

99.72 ±
0.35

SD 0.75 2.62 0.81 1.25 0.42 0.35
RSD [%] 4.58 2.66 1.98 1.24 0.66 0.55

S 
___

X 0.43 1.51 0.47 0.72 0.24 0.20

P  [%] 90.0 90.0 92.0 92.0 92.0 92.0
t 2.92 2.92 2.92 2.92 2.92 2.92

t.S
___

X 0.43 4.41 1.37 2.10 0.70 0.58

___

X – t.S
___

X ±
___

X + t.S
___

X

15.13 ÷
17.65

94.09 ÷
102.91

39.54 ÷
42.28

98.91 ÷
103.11

63.12 ÷
64.52

99.14 ÷
100.30

Е  [%] 2.62 1.53 1.15 0.71 0.38 0.2
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All data for the obtained content of protein in model 
mixtures and in the analyzed Synflorix vaccine cor-
respond to the relevant confidence interval: 15.13 
÷ 17.65 (СP17); 39.54 ÷ 42.28 (СP40.5 ), 63.12 ÷ 64.52 
(СP64). The obtained quantity protein in Synflorix vac-
cine is (29.23 µg ÷ 36.51 µg)/0.5 ml and suit to the up-
per range of the labeled content: (27.2 µg ÷ 36.8g)/0.5 
ml. The applied method for analysis of proteins in 
Synflorix vaccine is appropriate for quality control of 
bound proteins in different types conjugated vaccines.
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