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ABSTRACT
The present work describes the development and validation of a sandwich-type enzyme-linked immunosorbent assay 
(ELISA) for quantifying the surface antigen of hepatitis B virus (HBsAg), obtained from a recombinant strain of the 
methylotrophic yeast Pichia pastoris. It is based on monoclonal antibody CB.Hep-1, normally employed as a ligand 
for the purification of HBsAg. Validation followed the guidelines of ICH Q2 and CECMED regulation No. 41 from 
2007. Parameters such as linear working range, specificity, precision and accuracy were analyzed. The assay has a 
lower quantification limit of 11.9 ng/mL. Monoclonal antibody CB.Hep-1, used both for coating and as a conjugate 
during the ELISA, specifically bound recombinant HBsAg with excellent accuracy. An analysis of variance for the 
interference study yielded a probability, for each process control sample type/buffer combination, higher than 0.1, 
for a confidence level of 99%. Intra-assay variability ranged from 0.77 to 7.47%, and inter-assay variability ranged 
from 1.19 to 19.41%., always staying, for each sample, below 10 and 20% respectively. Recovery ranged from 98.18 
to 100.31%, with a variation coefficient under 20%. The ELISA is specific for this monoclonal antibody within the 
range of studied concentrations, and has a linear response for antigen concentrations from 191.7 to 11.9 ng/mL. 
Given its precision, specificity and accuracy, this ELISA is a powerful tool for process control during the production 
of the recombinant vaccine against HBV.
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RESUMEN
Desarrollo, validación y aplicación de un nuevo ELISA para el control del proceso del antígeno de superficie
el virus de la hepatitis B recombinante. Se desarrolló y validó un ensayo inmunoenzimático en fase sólida (ELISA) 
de tipo sándwich para la cuantificación del antígeno de superficie del virus de la hepatitis B (VHB), obtenido por vía 
recombinante de la levadura metilotrófica de Pichia pastoris. La cuantificación se efectuó con el anticuerpo mono-
clonal (AcM) CB.Hep-1, utilizado como inmunoligando para su purificación. Los estudios de validación siguieron la 
guía ICH Q2 (R1) y la regulación No. 41, de 2007 del Cecmed. Se cuantificaron hasta 11.9 ng/mL, y se analizaron 
los parámetros de linealidad, especificidad, precisión y exactitud. El AcM CB.Hep-1, usado como recubrimiento y 
conjugado en el ELISA, fue específico en el reconocimiento del antígeno de superficie del VHB (AgsHB) recombi-
nante, por lo que la cuantificación fue exacta. En el análisis de varianza para el ensayo de interferencia, el valor 
de probabilidad para cada tampón de las muestras del proceso de producción fue mayor que 0.1, para un nivel 
de confianza de 99%. La variabilidad intraensayo fue entre 0.77 y 7.47%, e interensayo fue entre 1.19 y 19.41%. 
Para cada muestra fue menor del 10 y el 20%, respectivamente. Se obtuvo un recobrado entre 98.18 y 100.31%, 
con un coeficiente de variación por debajo del 20%. El ELISA es específico para este anticuerpo monoclonal en el 
rango de concentraciones estudiadas. La curva de calibración es lineal entre 191.7 y 11.9 ng/mL. Por su precisión, 
especificidad y exactitud, este ELISA se convierte en una poderosa herramienta en el control del proceso de la vacuna 
recombinante contra el VHB.

Palabras clave: AgsHB, validación, control de procesos, ELISA

Introduction
Hepatitis B still remains a worldwide health problem. 
According to current estimates, there are approximate-
ly 350 million carriers of the hepatitis B virus (HBV), 
which in addition causes, directly or indirectly, over 
half million deaths per year [1]. The use of recombi-
nant DNA techniques has made possible the expres-
sion of the S gene for the surface antigen of the virus 
(HBsAg) in bacteria [2], yeast [3, 4], mammalian cells 
[5, 6], insect cells [7] and plant cells [8], allowing the 
large-scale obtention of this molecule for the produc-
tion of an effi cient vaccine against this pathogen.

HBsAg is a well characterized protein forming part 
of the HBV envelope. It self-assembles into very sta-
ble 24 nm subviral particles composed of one hundred 
or more monomers, held together by multiple intra- 
and inter-molecular disulfi de bonds.

Since 1990, the Center for Genetic Engineering and 
Biotechnology (CIGB) at Havana has been producing 
HBsAg to be employed as the active pharmaceuti-
cal ingredient (API) of a vaccine against HBV, using 
an expression system based on the methylotrophic 
yeast Pichia pastoris. This vaccine is marketed un-
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der the name Heberbiovac HB by the Cuban company 
Heberbiotec S. A. [9]. 

The process used to purify HBsAg at CIGB in-
cludes several steps, of which the most important is an 
immunoaffi nity chromatography based on the interac-
tion of HBsAg with the mouse monoclonal antibody 
(mAb) CB.Hep-1 [10-12]. This step removes most 
contaminating proteins with remarkable selectivity, 
yield and purity while also concentrating the sample 
signifi cantly [13]. 

CB.Hep-1 binds an aminoacid sequence located 
at antigenic determinant ‘a’ of HBsAg [14]. This in-
teraction, together with the multimeric nature of the 
viral particle, was exploited to develop and standard-
ize a sandwich Enzyme-linked Immunosorbent Assay 
(ELISA) using solely this antibody both for capture and 
detection. The resulting assay is employed for quanti-
fying HBsAg during its manufacturing process, from 
the stage of cell rupture to the obtention of the fi nal 
purifi ed API. However, this is an assay for content and 
potency [15, 16], which must therefore be validated 
according to requirements put in place in the biophar-
maceutical industry to guarantee data reliability.

The present work describes the development, vali-
dation and application of a sandwich ELISA with mAb 
CB.Hep-1 for process control testing of the production 
of HBsAg. This assay allowed monitoring the yield of 
every purifi cation stage based on the HBsAg concen-
tration of the samples, with the accuracy and precision 
required by current international regulations.

Materials and methods

Enzymes and chemicals
All reagents and materials were purchased from Sigma 
(US), including the type VI-A horseradish peroxidase 
used for conjugation. They were employed following 
specifi cations from the manufacturers.

Biologicals
HBsAg (code: 11-03069), prepared by the Group of 
Stability and Reference Materials of the Quality Con-
trol Unit at CIGB, was employed as reference materi-
al. Monoclonal antibody CB.Hep-1 (code: 1AF0418), 
prepared and provided by the Monoclonal Antibodies 
Production Department at CIGB, was used as coating 
antibody. Peroxidase-linked CB.Hep-1 (code: Hep-
1-4001) was obtained by the per-iodate method of 
Nakane and Kawaoi [17].

Samples and buffers from the production 
process
The samples used in the experiments were obtained 
from the production process for HBsAg. They were 
representative samples from each stage of the process: 
rupture supernatant (Rupt), supernatant from acid 
precipitation (SH), fi ltered Celite concentrate (CCT), 
non-bound fraction from the adjusted negative ion ex-
change (ION), immunoaffi nity eluate (EIAF), eluate 
from 400 mM positive ion exchange (IIP) and active 
pharmaceutical ingredient (API). The buffers corre-
sponding to each of these stages were: Rupt (20 mM 
Tris, 5 mM EDTA (w/v), 3 M KSCN, 0.3 M NaCl; 
pH 7), SH (20 mM Tris, 5 mM EDTA (w/v), 3 M 
KSCN, 0.3 M NaCl; pH 8), CCT (20 mM Tris, 3 mM 

EDTA, 250 mM NaCl), ION (20 mM Tris, 3 mM 
EDTA, 1 M NaCl), EIAF (20 mM Tris, 3 mM EDTA, 
3 M KSCN, 1 M NaCl), IIP (20 mM Tris, 3 mM EDTA, 
0.4 M NaCl; pH 7.2) and API (8 mM Na2HPO4 , 8 mM 
NaH2PO4 · H2O , 0.14 M NaCl; pH 6.7).

ELISA
One-hundred microliters of the CB.Hep-1 monoclonal 
antibody at 10 μg/mL in 0.05 M carbonate-bicarbonate 
coating buffer, pH 9.6 were used to coat each well of a 
MaxiSorp (Nunc) 96-well polystyrene plate for 20 min 
at 50 °C. A standard curve was prepared with serial 
dilutions of the reference material in the assay buffer 
(PBS 1X, 0.2%BSA, Tween 20 diluted ¼ 0.05%), and 
the control, together with the samples, were prepared 
at their working dilutions using the same buffer. They 
were added to the coated plate and incubated for 1 h at 
37 °C. The plates were washed afterward, followed by 
the addition of 100 μL of the same antibody linked to 
horseradish peroxidase, diluted 1/20 000, leaving the 
mixture to react for 1 h a 37 °C on a water-saturated 
atmosphere. The reaction was developed using ortho-
phenylenediamine (OPD) as substrate and 0.015% 
H2O2 in citrate buffer at pH 5.5. After 10 min color 
development was stopped by adding 50 μL of 2 M 
H2SO4, immediately reading the absorbance at 492 nm 
on a plate reader (Labsystem, Helsinki, Finland).

Determination of total protein concentration
The concentration of total proteins in process control 
samples from the production of HBsAg was deter-
mined by the Bradford method, using the modifi ca-
tions described by Zor and Selinger [18]. Samples, 
prepared at their established dilutions, were added into 
96-well plates and immediately mixed with Coomass-
ie reagent. After a 10 min incubation at room tem-
perature, absorbance at 620/450 nm was determined 
on a plate reader (Labsystem, Helsinki, Finland). 
Total protein concentration was then determined by 
comparison against a standard curve of bovine serum 
albumin. The regression coeffi cient (r2) of the fi tted 
standard curve had to be higher than 0.99 for the assay 
to be considered valid.

Experimental design
A response surface experimental design was used to 
optimize the concentration of mAb CB.Hep-1, time 
and incubation temperature for the coating step of 
the sandwich ELISA. The assayed values were trans-
formed and codifi ed as -1, 0 and 1 for statistical cal-
culations. In this particular study the experimental 
design contains three treatments, including a central 
point and four replicates for each one. Data were fi t-
ted to a second order polynomial model, using the 
STATGRAPHICS centurion XV.1 (1994-2000) statis-
tical software application. The assayed values were: 
1, 5 and 10 μg/mL for CB.Hep-1 concentration, and 
4 °C/14 hours, 37 °C/1 hour and 50 °C/20 minutes for 
incubation temperature/time.

Validation of the method

Linearity and working range
CB.Hep-1 concentrations ranging from 1.50 to 
1500 ng/mL were used to evaluate assay performance 
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with the reference material. The linear range of the 
curve was estimated using the least squares method, 
analyzing the regression coeffi cient (r2), the slope and 
the intercept of each curve.

Curve parameters (relationship between analyte 
concentration and the response, expressed as the ab-
sorbance at 492 nm) were determined with a standard 
curve prepared with the reference material at concen-
trations of 11.9, 23.9, 47.9, 95.8 and 191.7 ng/mL, 
with two replicates per point, and running a minimum 
of fi ve independent assays. The working range was 
established as the widest range at which precision 
stayed beneath 20% and accuracy (recovery) stayed 
between 80-120%.

Specificity
Standard curves were prepared by dilution of the refer-
ence material either into assay buffer (PBS 1X, 0.2% 
BSA, 0.05% Tween 20) or into the different buffers 
forming part of process control samples from different 
purifi cation stages, with the addition of the contami-
nants corresponding to each stage obtained from an 
HBsAg-negative control yeast strain. Care was taken 
to ensure that the concentration of buffers and con-
taminants corresponded to that produced by the usual 
working dilution of their corresponding sample. The 
obtained curves were compared using analysis of vari-
ance (ANOVA) with regard to their slope and inter-
cept, also examining their regression coeffi cient (r2), 
the absorbance produced by blank samples and the 
concentration they yielded for the quantifi cation of a 
positive control sample.

Accuracy
Accuracy was estimated by calculating recovery for 
each process control sample at three different concen-
trations of the reference material (95.8, 47.9 and 23.9 
ng/mL), calculating Student’s t with a confi dence of 
95% for each sample. In addition, confi dence intervals 
were estimated for the expected value.

Precision
The precision of the assay was estimated by compar-
ing the results of independent determinations of the 
same samples from the production process. The coef-
fi cient of variation (CV) was calculated for three repli-
cates of a single assay (repeatability), also examining 
the variability across three different days and three 
different analysts (intermediate precision). Reproduc-
ibility was studied by correlating an ELISA from the 
Quality Control (QC) unit with the validated assay 
from the Process Control (PC) laboratory, employing 
15 determinations from different API batches for this 
purpose, and using, as acceptance criteria, a correla-
tion coeffi cient (r) higher than 0.90. 

Results 

Optimization of the assay
A sandwich-type ELISA was developed that is based 
on monoclonal antibody CB.Hep-1, used as an im-
munoligand in the purifi cation of the hepatitis B sur-
face antigen produced at the CIGB of Havana. This 
antibody binds the epitope known as ‘determinant 
a’, an immunodominant and protective region on the 

surface of the HBV virion (Figure 1). The assay uses 
CB.Hep-1 for both capturing and detecting the an-
tigen. A response surface-type experimental design 
was used for its optimization, in an effort to minimize 
the experimental work required for this purpose [19]. 
Tested variables included coating concentration and 
coating time and temperature, measuring their effect 
by following the fi nal absorbance readings of the as-
say and evaluating their infl uence with a probability 
value. The ANOVA yielded a probability value higher 
than 0.05, indicating their effect was signifi cant for 
a confi dence level of 95%. According to the avail-
able data, the best results were obtained with a coat-
ing concentration of 10 μg/mL and an incubation of 
20 minutes at 50°C. The equation for the model best 
fi tting the data was:
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Figure 1. Schematic representation of ‘determinant a’ and 
the aminoacid sequence bound by mAb CB.Hep-1 in HBsAg 
(gray-filled circles).
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Absorbance = 0.64 + 0.13 Conc – 0.028 Temp – 0.012 Conc2

+ 0.002·Conc·Temp + 0.00026·Temp2

Validation

Linearity and working range
The absorbances produced by a wide range of con-
centrations of the reference material (1.45 to 1550 ng/
mL) were examined, using least squares fi tting to ex-
amine their linearity (Figure 2A). Figure 2B shows 
the average of fi ve independent standard curves, each 
prepared with the concentrations of the reference ma-
terial spanning the linear range of the assay (191.7, 
95.8, 43.5, 23.5 and 11.9 ng/mL). An ANOVA was 
used to analyze the results, which yielded an associ-
ated probability value lower than 0.01. This indicates 
a statistically signifi cant relationship between con-
centration and absorbance for a 95% confi dence level 
(Figure 2C). The regression coeffi cient (r2) indicates 
that a linear model, within this range, accounts for 
98.39% of the variability of absorbance values. In all 
cases, blank samples yielded absorbances lower than 
0.05, and the quantifi cation limit was set at 11.9 ng/
mL for a coeffi cient of variation of 8.6% (precision) 
and a recovery of 94% (accuracy).

Specificity 
An ANOVA was used to compare the slopes and in-
tercepts of standard curves of the reference material 
prepared either in assay buffer or in the buffer in which 
the different process control samples are received, with
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the addition of the yeast contaminants from the corres-
ponding stage of the purifi cation process, obtained from
an HBsAg-negative recombinant yeast strain. Care was
taken to ensure that the concentration of these buffers
and contaminants matched that produced by the nor-
mal working dilution of the corresponding process 
control sample. The calculated probability according 
to the ANOVA was higher than 0.1 with a confi dence 
of 99% (Table 1), and the parameters of each standard 
curve remained within the calculated limits, without 
statistically signifi cant differences with the specifi -
cations established for this type of assay. The results 
demonstrate that the matrix in which the analyte is 
contained in process control samples does not interfere 
with its quantifi cation by the CB.Hep-1-based ELISA. 

Accuracy
Accuracy was estimated by calculating recovery at 
three different concentrations, according to CECMED 
regulation No. 41 from 2007 about the validation of 
analytical methods and regulation ICH Q2 (R1) from 
2005 [15, 16]. In all cases recovery stayed within the 
established range of 80 to 120%, without statistically 
signifi cant differences according to Student’s t-test. 
These results demonstrate that the assay is accurate, 
as the obtained values remained within the confi dence 
interval calculated for each sample (Table 2).

Precision
Precision was determined with all process control samp-
les employed in the validation of the assay. According 

Figure 2. Linearity of the ELISA for the quantification of HBsAg. A) Curve prepared with the complete dataset. B) Linear model 
fitted to the linear portion of the curve. C) ANOVA to analyze the linearity of the system.
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Table 1. Data for standard curves in different buffers, corresponding to those of process control samples from 
different stages of the production process, used to examine the specificity of the assay 

Ranks/
limits 

Buffer*

Rupt
SH 

CCT
ION
EIAF
IIP
API

p/slope

0.563
0.536
0.453
0.692
0.830
0.306
0.932

p/intercept

0.486
0.971
0.231
0.948
0.679
0.706
0.426

Slope

0.0048
0.0049
0.0042
0.0045
0.0045
0.0047
0.0045
0.0063-
0.0043

Intercept

0.0040
0.0043
0.0041
0.0038
0.0039
0.0034
0.0034
0.0044-
0.0028

p>0.1

r2

0.9914
0.9937
0.9936
0.9846
0.9904
0.9889
0.9944

r2 > 0.98

Blank 

0.045
0.039
0.048
0.045
0.046
0.039
0.047

< 0.100

Positive control (μg/mL) 

1184.28
1189.53
1088.16
1398.19
1410.22
1277.33
1276.58

928.93-1483.07

*Corresponds to the buffer used in each step of the purification process. Rupt: rupture supernatant; SH: acid precipitation supernatant; 
CCT: filtered Celite concentrate; ION: unbound fraction from the adjusted negative ion exchange; EIAF: eluate from the immunoaffinity 
chromatography; IIP: eluate from the positive ion exchange 400 mM; API: active pharmaceutical ingredient.

to the repeatability study, the method has a variabil-
ity lower than 10%. The results of the study of inter-
mediate precision, per analyst and between analysts 
per sample type, are summarized in table 3. CV was 
lower than 20%. 

The validation was completed with a joint repro-
ducibility study involving the Quality Control unit of 
CIGB. It entailed the quantifi cation of different API 
batches by the QC and PC laboratories, correlating 
the obtained results. Figure 3 plots the relationship 
between the QC and PC datasets corresponding to the 
CB.Hep-1 ELISA, and table 4 summarizes the results 
describing the relationship between both methods and 
setting the lineal model as control. The equation for 
the model was:

CP = 1.22984 x CC – 0.0967221

Given that the probability associated to F is lower 
than 0.01 for a 99% confi dence, it is concluded that 
there is a statistically signifi cant relationship between 
both methods.

The regression coeffi cient indicates that the chosen 
model accounts for the variability of the ELISA from 
the Process Control laboratory with respect to that of 
the Quality Control unit. The correlation coeffi cient 
was 0.9146, indicating a relatively strong relation 
between the examined variables. The standard error 
of the estimate exhibits a standard deviation for the 
residuals of 0.147; a value that can be used to build 
the limits for future observations. According to the re-
sults, there are no statistically signifi cant differences 
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pertaining the quantifi cation of the API between both 
laboratories.

Application of the ELISA to the analysis of yields 
during the production process. Control chart
The performance and utility of the ELISA in real life 
conditions were evaluated by implementing it as part of 
the process control tests of the production of HBsAg.
The analysis of yields of the process using this ELISA 
in combination with total protein determinations by 
the modifi ed Bradford method [18] is shown in fi gu-
re 4. This analysis was based on the data from fi ve 
process batches, determining the coeffi cient of varia-
tion between yields of the same step for different 
batches; this CV was always lower than 25%, demon-
strating the consistency of the process and the useful-
ness of the assay for adequately determining HBsAg 
concentrations in process control samples. In addition 
the assay was followed up uninterruptedly for a whole 
year, implementing a statistical control by means of 
a control chart used to evaluate the quantifi cation of 
the positive control of the assay. A total of 200 deter-
minations were performed; all of them fell within the 
established control limits, and the CV for all values 
was 8.84% (Figure 5). Only two values were separat-
ed from the central value by more than two standard 
deviations, representing 1% of the determinations. As 
a whole, the results demonstrate that both the control 
and the ELISA perform stably, and their quality is 
guaranteed on the long term.

Discussion
The present work describes the development and vali-
dation of a new sandwich ELISA for the quantifi cation 

of HBsAg in process control samples. Unlike similar 
reported assays [20], this one uses a single antibody. 
After optimization using a response surface method-
ology, an optimum was found at a coating concentra-
tion of 10 μg/mL and a coating time and temperature 
of 20 min at 50 ºC. The relatively high temperatures 
might favor the interaction of the antibody with the 
plastic surface, thus facilitating the capture of larger 

Table 2. Data used to measure the accuracy of the assay, corresponding to the recovery of samples from the 
different stages of the production process measured at three different concentrations.

Process 
stage*

High concentration point  (ng/mL)

Rupt
SH 

CCT
ION
EIAF
IIP
API

Medium concentration point  (ng/mL)

Low concentration point  (ng/mL)

Rupt

Rupt

SH 

SH 

CCT

CCT

ION

ION

EIAF

EIAF

IIP

IIP

API

API
tabulated t        
(n-1, 0.05)

Calculated value

122.8
177.3 
106.3
114.6
131.6
199.1
156.0

Calculated value

Calculated value

107.5

91.3

140.3

129.8

75.5

64.1

89.9

80.9

105.4

92.3

169.9

156.7

123.4

106.5

Interval

120-125
168-186
95-118

109-120
127-136
187-211
145-167

Interval

Interval

101-114

90-92

130-151

121-139

71-80

57-68

85-94

79-83

98-113

81-104

161-178

144-170

121-126

97-116

% Recovery

101.25
103.48 
112.13
106.24
101.24
107.71
109.42

% Recovery

% Recovery

106.33

100.60

94.64

94.95

96.62

94.78

99.52

99.51

94.70

90.38

102.83

101.54

101.15

96.28

t  

1.96
2.28 
3.46
4.13
1.23
4.07
4.21

t  

t  

3.64

1.65

-2.62

-2.63

-1.93

-1.81

-0.34

-0.75

-2.65

-3.00

1.88

0.64

1.95

-1.55

Expected value

121.2
171.3 
94.8
107.9
130.0
184.9
142.5

Expected value

Expected value

121.2

90.8

148.3

136.7

78.1

67.7

90.3

81.3

111.3

102.2

165.2

154.3

122.0

110.7
4.30

*Rupt: rupture supernatant; SH: acid precipitation supernatant; CCT: filtered Celite concentrate; ION: unbound fraction from the adjus-
ted negative ion exchange; EIAF: eluate from the immunoaffinity chromatography; IIP: eluate from the positive ion exchange 400 mM; 
API: active pharmaceutical ingredient.

Table 3. Study of the repeatability and intermediate precision of the ELISA

Process 
stage*

Parameter 
Precision (CV%)

Analyst  1
Day 1   Day 2   Day 3

Analyst  2
Day 1   Day 2   Day 3

Analyst  4
Day 1   Day 2   Day 3

Rupt Repeatability  
Intra-analyst 
Inter-analyst  

 3.48    3.38     1.52
         9.15

 0.81    2.37    0.84
      13.47

 0.17    7.43     1.46
         9.37
      11.46

SH Repeatability  
Intra-analyst 
Inter-analyst  

 3.52    1.07     1.48
         9.15

 3.68    0.39    0.28
       7.77

 2.61    4.10     6.32
         6.96
        7.42

CCT Repeatability  
Intra-analyst 
Inter-analyst  

 3.88    5.16     1.72
       11.47

 5.85    6.33    6.03
       5.65

 4.63    2.40     2.63
         9.27
      10.79

ION Repeatability  
Intra-analyst 
Inter-analyst  

 3.64    4.41    13.63
         7.43

 1.64    1.29    1.56
       1.88

 2.38    1.33     2.97
          5.2
       8.17

EIAF Repeatability  
Intra-analyst 
Inter-analyst  

 2.51    2.21     4.59
         4.53

 2.17    1.03    4.78
      10.12

 0.75    3.60     1.56
       13.31
      10.40

IIP Repeatability  
Intra-analyst 
Inter-analyst  

 4.91    1.51     1.18
         8.19

 4.52    2.09    0.42
       3.28

 2.86    8.95     4.80
       11.74
      10.12

API Repeatability  
Intra-analyst 
Inter-analyst  

 1.12    2.56     3.13
         3.07

 1.21    1.54    5.24
      10.28

 2.72    2.12     2.73
         4.45

13.97

*Rupt: rupture supernatant; SH: acid precipitation supernatant; CCT: filtered Celite concentrate; ION: un-
bound fraction from the adjusted negative ion exchange; EIAF: eluate from the immunoaffinity chromatogra-
phy; IIP: eluate from the positive ion exchange 400 mM; API: active pharmaceutical ingredient.
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HBsAg subtypes and variants. Intervirology. 
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numbers of antigen molecules, as described by Leyva 
et al. [21]. 

Immunochemical techniques usually employ a 
standard curve to derive the value of unknown sam-
ples by interpolation [22]. In this study the standard 
curve was freshly prepared by serial dilutions of an 
HBsAg reference for each assay. The ELISA behaved 
linearly at antigen concentrations ranging from 191.7 
to 11.9 ng/mL. This linear range is similar to that of 
similar ELISA, as that described by Karakuş et al. 
[23]. An important parameter to be examined during 
the validation of analytical methods, and especially so 
in immunoassays [22], is specifi city, that is, their abil-
ity to unequivocally detect the analyte in the presence 
of the other components that will be present in the test 
mixture during real life use [15, 16]. In this case, the 
results of the interference tests demonstrated that the 
assay correctly measures the levels of HBsAg in the 
presence of all possible sample contaminants.

In order to determine whether the assay accurately 
quantifi es the concentration of HBsAg in process con-
trol samples, samples of known concentration were 
assayed, then comparing the obtained and expected 
values. These experiments were done, for each sample 
type, at three different concentrations. In every case 
recovery varied from 98.18 to 100.31%, with an aver-
age of 100%. The results suggest, therefore, that the 
CB.Hep-1-based ELISA is appropriate for the quanti-
fi cation of HBsAg in biological samples.

Precision was evaluated by determining CV for two 
parameters: repeatability and intermediate precision, 
obtaining values lower than 10 and 20%, respectively. 
These values meet the acceptance criteria described in 
CECMED regulation No. 41 from 2007 and in IHC Q2 
(R1) [15, 16], and do not reach the rejection threshold 
of 25% proposed by Findlay et al. for immunoenzyme 
assays [22], based on the fact that these techniques are 
less accurate than chromatographic methods and re-

EL
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ELISA QC

ELISA PC = 1.22984 * ELISA QC - 0.0967221

0.6
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0.8

1.1
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0.8 1 1.2 1.4 1.6 1.8

Figure 3. Correlation between the results of the ELISA at the Process Control laboratory (ELISA PC) and the Quality Control 
unit (ELISA QC).

Table 4. ANOVA for demonstrating the linear relationship between the ELISA from 
Process Control and Quality Control

Source 
of variation

Regression
Residual

Total

1.46774
0.000474486

1.46822

1
8
9

1.46774
0.0000593107

24746.65 0

Sum 
of squares pFDegrees 

of freedom
Mean 

squares

Figure 4. Yield for each step of the production process for HBsAg, calculated from five process batches. 
Rupt: rupture supernatant; SH: acid precipitation supernatant; CCT: filtered Celite concentrate; ION: 
unbound fraction from the adjusted negative ion exchange; EIAF: eluate from the immunoaffinity 
chromatography; IIP: eluate from the positive ion exchange 400 mM; API: active pharmaceutical 
ingredient.
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quire larger number of experimental points to increase 
data reliability. The joint study between two labora-
tories demonstrated the reproducibility of the assay, 
with a correlation coeffi cient higher than 0.90 for the 
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determinations performed in the submitted samples. 
This result coincides with those of Wapenaar et al. 
[24], who also obtained correlation coeffi cients with 
a value of 0.9 for a competition ELISA.

After validating an analytical method it is impor-
tant to follow up and monitor its performance in actual 
operating conditions. There are statistical techniques 
for the process control of recombinant proteins and 
the interpretation of results that constitute excellent 
tools for this purpose [25]. Control charts, in spe-
cifi c, represent the behavior of a specifi c parameter 
through time, making it easy to spot emerging trends 
and to assess the control, consistency and reliability 
of the underlying assay. The use of this technique with 
the present ELISA demonstrated the stability of the 
results, and its application to the analysis of process 
yields evidenced the consistency of the latter. 

Conclusions
The validation of the ELISA for the quantifi cation of 
HBsAg in process control samples indicates that the 
assay provides a linear response in the range of 191.7 
to 11.9 μg/mL, with a regression coeffi cient higher 
than 0.98. The method was shown to be accurate, as 
there were no statistically signifi cant differences be-
tween the known concentration of test samples and 
that determined with the assay; precision was accept-
able, with a variability lower than 10% for the repeat-
ability study, and lower than 20% for the study of 
intermediate precision. There is a strong correlation 
between the concentrations determined at the Quality 
Control and Process Control laboratories, performed 
during the reproducibility study. The method is ad-
equate and provides reliable data on the behavior of 
the purifi cation process for HBsAg. After comparing 
the data with established acceptance criteria, it is con-
cluded that the validation is satisfactory and, there-
fore, the assay can be used for process control of the 
production of HBsAg.

Figure 5. Positive control for the ELISA. Representation of the quantification values produced by the 
technique after 200 assays in a single year. Orange: upper bound (1575.99); Red: central value 
(1206.00); Green: lower bound (836.01).
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Figure 6. Response surface of the assay for variations in coating temperature and concentration. The 
arrow points at the optimum (coating at 10 μg/mL, incubating for 20 minutes at 50 ºC).
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