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ABSTRACT
The sterilizing filtration procedure for the active pharmaceutical ingredient of the Cuban anti-hepatitis B vaccine
(HBsAg API) was evaluated by using cellulose nitrate type 113 membranes and Sartobran P capsules (Sartorius,
Germany). The study of sterilization processes using saturated steam for two loads, one for the flat membranes
within their respective carcasses and the other for auxiliary materials, demonstrated that the measuring points
reached an F0 > 15 minutes, guaranteeing an appropriate sterilization. The physical integrity of both filtration
media was maintained after the filtration process, indicating a successful operation. The extractables were studied
by Fourier transformed infrared spectroscopy (FTIRS) and reverse phase high performance liquid chromatography
(RP-HPLC), showing the lack of membrane-derived contaminants. The bacterial retention test was carried out at
industrial scale simulating the operations used for the buffer and HBsAg API. Both filtration media were able to
remove a microbiological load of ≥ 107 c.f.u./cm2 of Brevundimonas diminuta (ATCC 19146), ensuring filtrate
sterility. These results indicate that the API HBsAg sterilization procedure is safe and reliable.
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microbiological challenge test

Biotecnología Aplicada 2009;26:244-250

RESUMEN
Evaluación de la filtración esterilizante del IFA-HBsAg. Se evaluó el procedimiento de filtración esterilizante
del ingrediente farmacéutico activo de la vacuna cubana antihepatitis B recombinante (IFA-HBsAg), usando
membranas planas 113 y cápsulas Sartobran P (Sartorius, Alemania) como medio filtrante. El estudio de los
procesos de esterilización con vapor saturado para dos cargas: una para membranas planas en sus carcazas, y otra
para materiales auxiliares, demostró que los puntos medidos alcanzan un F0 > 15 minutos, lo que garantizó una
correcta esterilización. La integridad física de ambos medios filtrantes se mantuvo antes y después del proceso de
filtración, lo que indicó una operación exitosa. El estudio de extractables por espectroscopia infrarroja con
transformada de Fourier (EIRTF) y cromatografía líquida de alta resolución en fase inversa (CLAR-FI), mostró la
ausencia de compuestos contaminantes provenientes de las membranas. La prueba de retención bacteriana a
escala industrial, simulando las operaciones con tampón e IFA-HBsAg, reveló que ambos medios filtrantes pueden
retener una carga microbiológica de ≥ 107 u.f.c./cm2 de Brevundimona diminuta, lo que garantiza la esterilidad
del material filtrado. Estos resultados indican la garantía y seguridad del proceso de esterilización del IFA-HBsAg.

Palabras clave: filtración esterilizante, esterilización por calor húmedo, simulación de la filtración,
integridad de membranas, análisis de extractables, reto microbiológico

Introduction
Standards and specifications that accurately describe
the quality of pharmaceutical products are defined
according to the good manufacturing practices (GMP)
in force. Safety is one of the critical aspects that are
normally regulated and controlled for a final product
or an active pharmaceutical ingredient (API). For this,
the absence of microbiological contamination that may
compromise the specific action of the product is
required. This is achieved through technologies ensure
optimum lethality, removal or retention indices at
those critical points where microorganisms may
contaminate the product [1-4].

Generally, the final operation of the production
process for an aqueous API involves filtration through

a 0.2 μm membrane, which makes the product safe,
although it has to be tested [1-4]. To comply with
GMP requirements the successful performance of
sterilizing filtration systems must be demonstra-
ted with the tests done for any filtration system that
is declared aseptic. The most important ones are:
effectiveness of sterilization cycles, the integrity
determinations of the filtration media, a bacterial
retention capacity of 107 c.f.u./cm2 of Brevundimonas
diminuta (ATCC 19146) and the analysis of extrac-
tables from the filtration media. A filtration opera-
tion consists of several steps, beginning with the
preparation of materials, moist heat sterilization, the
filtration operation per se, process sampling and
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environmental control. Due to the complexity of these
operations and their impact on the final product, this
study was carried out to evaluate the final sterilizing
filtration process for the recombinant anti-hepatitis B
vaccine API (HBsAg API), using Cellulose nitrate ty-
pe 113 membranes and SO Sartobran P type capsules
(Sartorius, Germany) as the filtration media.

Materials and methods
Materials
Cellulose nitrate type 113 membranes of 0.2 μm with
their filter holders, and Sartobran P capsules with
0.45 μm and 0.2 μm cellulose nitrate membranes (Sar-
torius, Germany) were used. Glass bottles of 10, 15
or 20 L each and their accessories, their respective
siphon caps, silicon tubing and 6 mm inner diameter
connectors were supplied by known manufacturers.
The system (Figure 1) operates within an ISO Class
5 laminar air flow cabinet installed in a Class 7 area.

The following media were also used: Sartocheck
Junior, BP-Plus ST166903 (Sartorius, Germany);
BIO72 horizontal laminar flow cabinet (ICEN, Cuba);
Validator 2000 (Kaye Instruments Inc., USA), DLOV
horizontal autoclave (De Lama, Italy), and a peristaltic
pump 505 U (Watson Marlow).

Water for injection or phosphate buffer (Na2HPO4
8 mM, NaH2PO4 8 mM, 140 mM NaCl; pH 6.7) were
used in the experiments. The test microorganism was
Brevundimona diminuta ATCC 19146, Micro Bio-
logics-CE, Lot 805323, exp 2005-10, and Ref 0805P;
as authorized by the European representative Medi-
Mark® Europe.

Moist heat sterilization processes were used
to prepare materials for HBsAg API filtration
The moist heat sterilization was carried out in a ho-
rizontal DLOV autoclave (De Lama, Italy) at 130 °C
for 20 min. Two loads were studied:  load 1, basically
including flat membrane filters, and load 2 to sterilize
auxiliary devices (siphons, tubing, pipette tips, bottles,
unions, lids, cap, etc.) (Figure 2).

The heat distribution within the autoclave chamber
was studied to determine the effectiveness of the
sterilization cycle, by using a thermal validation sys-
tem Validator 2000 (Kaye Instruments Inc., USA) and
10 high precision temperature sensors were placed all
along the chamber (Figure 1).

The F0 values were calculated according to the
equation [5]:

the industrial process, which was pumped through
the entire filtration system. The test was satisfactory
when the broth collected complied with USP sterility
criteria [5].

Growth promotion test
The ability to promote microbial growth of each TSB
medium prepared for a sterility test was evaluated.
Bacillus subtilis ATCC 6633, Candida albicans
ATCC 10231 and Aspergillus niger ATCC 16404 were
inoculated at 0.1 mL of the inoculum, with less than
1000 c.f.u./mL of each microorganism. The viability
of the inoculum was confirmed by growing micro-
organisms on tryptic soy agar. Materials were in-
cubated at 30 to 35 ° C, bacteria for 24 h and fungi for
48 h; later the c.f.u./plate were counted. There was
microbial growth and the presence of turbidity.

Integrity testing of filtration media
The integrity test of the membrane or capsule, before
and after filtering, was calculated by using the non-
destructive bubble point determination method. The
limit of this value could be determined by correlating
the integrity data measured when it was dampened
with the product and the physical minimum values
for the filtering medium dampened with water, accor-
ding to the equation [3]:

F0
= ∫ 10

10
T  1 21 .1−( )

dt
t0

tƒ

Where:
t0 is the initial temperature;
tf is the final temperature; and
t is the specific heating temperature at a given time

[5, 6].

Simulation of the sterilizing filtration process
Once the elements have been sterilized and assembled,
the system was challenged using a rich tryptone soy
broth (TSB) medium, for microbiological growth,
prepared at 30 g/L and with a volume similar to that of

API to 
filter

Pump
ISO 5

Filtered  API
ISO 7

Filter 
Medium

Figure 1. Graphic of sterilizing filtration system for API-HbsAg.

B.P prod. min= B.P water  min

B.P water  average

B.P prod average.

5. United State Pharmacopeia XXX-NF 25.
<88> Pruebas de reactividad biológica,
in vivo. United States Pharmacopeial
Convention. Rockville, MD; 2007:124-8.

Where:
B.P.min. prod.: the minimum bubble point for the pro-

    duct.
B.P.min. water: minimum bubble point for membranes

   dampened with water,
B.P.mean prod.: Mean bubble point determined for the

   product after filtration
B.P.mean water: Mean bubble point for membranes

   dampened with water.
The working range for the bubble point must be es-

tablished between the minimum value determined for
the product and 1000 mBar above it [3].

Analysis of extractables
Tests were carried out using the solvent extraction
method [5]. Three filter media of each type, membra-
nes 113 or Sartobran P capsules were put in containers
filled with phosphate buffer covering the entire filter
surface for 2 h and then sterilized in an autoclave with
the cycle described for material loads. After sterili-
zation both filter media were kept at 70 °C for 24 h in
contact with phosphate buffer at a rate of 6000 cm2/L.
This was analyzed every 12 h by Fourier’s transform
infrared spectroscopy (FTIRS) and high performan-
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ce liquid chromatography (RP-HPLC). The FTIRS
was carried out with a Nicolet FT-IR 200 spectrome-
ter (Thermo Electron Scientific Instrument Co., USA)
using detection by attenuated total reflection (ATR).
Scans were made from 4000 cm-1 to 675 cm-1, at a rate
of 6.25 cm-1/min on a cell covered with a glass plate of
Ge (germanium) at room temperature. Two hundred
microliters of liquid samples or the solid membranes
were placed on the glass of the cell for their measu-
rement. The spectra were recorded as transmittance
after correcting H2O and CO2 contributions using the
EZ Omnic software (Thermo Electron Scientific Ins-
trument Co., USA). RP-HPLC was performed on a
Uptishere 120 A column, 5 μm ODB C18 (3.9 mm x
250 mm, Interchim, France) under the following con-
ditions: flow rate, f = 1 mL / min; mobile phase, AcN
-H2O 10:90 v / v at 35 °C; with detection at 220 nm.
For the separation we used an AcN gradient of 10 to
90% for 60 min. The signals obtained were compared
against a phosphate buffer baseline.

Microbiological challenge

The challenged microorganism was identified by an
API test, and later the appropriate cell size and the
absence of aggregates were demonstrated. For these
purposes, two aliquots of approximately 2 mL of B.
diminuta cell suspension were taken and filtered
through 0.45 and 0.2 μm, respectively. Each one of the
filtrates was inoculated into a culture tube containing
TSB 20 mL and incubated at 30 to 35 °C for 5 d.
Observations were made for the presence of turbidity
in the tubes during and after incubation, indicating
microorganism growth by its passage through the
membrane.

Challenge experiments were carried out in an ISO 5
laminar air flow cabinet on different days, by compa-
ring three lots of membranes or capsules. B.diminu-
ta cells were added to 15 L of buffer phosphate and
HBsAg API for a concentration of  ≥ 107 c.f.u./cm2 on
the surface of the medium. The lots were filtered after
stirring the mixture for 5 min. Tests were considered

successful if the filtered material was able to pass the
sterility test [6].

Results and discussion

Moist heat sterilization of HBsAg API filtration
materials
The first operation and one of the key elements for
good sterilizing filtration is the appropriate sterilization
of the materials. To determine the effectiveness of the
sterilization cycle, a heat distribution study was carried
out in the autoclave chamber by distributing tempera-
ture sensors (Figure 1). Both loads are required when
working on the membranes; but load 2 is only required
when operating on the capsules, since these filtering
media are independent, sterile and ready to use car-
tridges. The sterilization results of loads 1 and 2, as
defined in figure 2, are shown in figures 2 and 4.

The profile of the sterilization cycle of load 1 was
that of a solid load using a first stage of preheating by
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Figure 2. Positioning of thermocouples in the chamber using horizontal autoclave (DLOV) to the loads for sterilizing materials and
filters of API-HBsAg. Red squares show the positioning according to the sensor number.
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Figure 3. Heat distribution study for load 1, filter membrane plain in the sterilizing filtration for API-
HBsAg. Temperature profile for 10 temperature sensors distributed in the autoclave chamber shown in
figure 2 (to the left). F0 values calculated based on equation 1. Some colors indicate the position of the
sensors in A, sensor1 (——); sensor 2 (——); sensor 3 (——); sensor 4 (——) and sensor 5 (——). In B
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the injection of saturated steam at a rate of 200 kg/h
until displacing, by venting, all the cold air that is
found in the chamber. The second stage is that of
sterilization until completing the set time period of
approximately 35 minutes, which ends with a cooling
stage until the sterile materials are removed to prepare
for the next cycle (Figure 2, left). F0 values measu-
red by 10 temperature sensors distributed inside the
chamber surpassed 15 min at 121.1 ºC, which is con-
sidered appropriate for a saturated steam steriliza-
tion process (Figure 3, right) [7-9].

For load 2, comprising auxiliary materials for the
sterilizing filtration of HBsAg API, the profile of the
sterilization cycle was that used in porous loads, in
which the initial heating is combined with several pre-
vacuum cycles for a more effective penetration of the
saturated steam in the unsterilized materials (Figure
4, left). As in the previous cycle, it has a first prehea-
ting stage by injecting saturated steam at 200 kg/h,
followed by the sterilization stage until completing
the fixed time period of approximately 25 min. This
ends with a cooling stage, and the sterile materials are
removed to prepare for the next cycle. All F0 values
measured by the 10 temperature sensors distributed
inside the chamber surpassed 15 min at 121.1 °C,
which is considered to be satisfactory for a saturated
steam sterilization process (Figure 4, right) [7, 8].

In both cycles, the time take to reach F0 were longer
than those required for a sterilization cycle with sa-
turated steam (Figures 3 and 4, right). Time, tempera-
ture and pressure are the physical parameters ruling
the efficiency of a sterilization cycle. The latter two
parameters show a directly proportional variation.
Therefore, the temperature accepted for sterilization
ranges from 118 to 134 °C. The USP refers to an au-
toclave cycle of 15 minutes at 121 °C [9] , specified in
the compendia for materials, media or reagents. Ho-
wever, the European Pharmacopeia (EP) and the Bri-
tish Pharmacopeia (BP) recommend a heating process
at 121 °C for at least 15 min as the reference condition
for aqueous preparations [10, 11]. Both Pharmacopeia
express that other conditions of time and temperature
can be used provided the process chosen is shown to
have an adequate and reproducible level of lethality.
The mathematical approach to calculate the lethality
level, also known as the Anglo-Saxon, uses F0 values
as a reference unit. The F0 can be calculated by equation
1, showing the temperature data accumulated during
the sterilization process, becoming an equivalent of
lethality at 121.1 °C [7, 8].

It has been shown that F0 values of at least 8 minu-
tes, equivalent to different sterilization temperatures,
are able to reach a maximum lethality rate [7, 8]. In our
study, and for both sterilization cycles, F0 values we-
re longer than 15 min, being reached in some specific
areas of the chamber depending on the load and the
location of the thermocouple; these values were up to
three times higher than the ideal value. These results
demonstrate the efficiency of the sterilization cycles,
at least for these two loads, in that they provide the
potential but do not ensure sterility since the handling
of the materials afterwards can prevent it during the
filtration process per se.

According to the filtration process employing ready
to use capsules, the sterilization cycle in load 1 was

not necessary. This means that besides decreasing the
handling of the filtration medium, thereby simplifying
the operation, the causes of a possible contamination
after assembling the filtration system decreases.

Simulation of the sterilizing filtration
The purpose of this test is to demonstrate whether the
assembly of the system, under an ISO 5 laminar air
flow, does not affect the sterility of the materials that
were prepared in an autoclave. This test was performed
with all elements of the filtration system (Figure 1),
using 15 L of TSB. The results evidenced that in the si-
mulations for specific operators in this stage, the steri-
le culture medium maintained the capacity to promote
growth, besides maintaining its sterility after flowing
through the system in an interval that was similar to
that expected for the industrial processing, from 30 to
60 minutes (Table 1).

Although this test is not included in any regulatory
document, it provides important information on the
correct handling of the system during the aseptic pro-
cess of sterilization using an autoclave and the assem-
bly of its components. The use of the filtering medium
is not indispensable, particularly because of its specific
challenge with B. diminuta according to the current re-
gulations (see more information below) [1-4].

Filter integrity test
As stated in the experimental methodology, the bubble
points were determined as proof of the integrity of
membranes and capsules, in order to establish a crite-
rion that may become the parameter of acceptance of
the test made for all the filtration operations (Table 2).
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Figure 4. Heat distribution Study for load 2, auxiliary materials, in the sterilizing filtration for API-HBsAg.
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Table 1. Results of growth promoting and steri lity of 
three lots of the simulati on of steril izing f iltration 

Lots Operators Growth promotion* Sterility  

1 1 - 2  PP PP 

2 3 - 4  PP PP 

3 1 - 4  PP PP 
4 2 - 3  PP PP 

* Growth promot ion was performed on sterile culture medium. 
PP: Passed the tes t. 
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According to the manufacturer's specifications,
the minimum bubble point of type 113 membranes
should be above 4200 mBar, and between 3200 and
4200 mBar for Sartobran P capsules. This is a starting
point to establish the specifications under the speci-
fic operating conditions [12]. The minimum bubble
points for the HBsAg API were calculated in three
samples of each filtering device in three replicates u-
sing equation 2, rating 3665 ± 56 Bar for membranes,
and 3094 ± 126 Bar for capsules. Therefore, as an
acceptance criterion to demonstrate the integrity of
both filtering media, a working range was establi-
shed from 3600 to 4600 mBar for the membranes, and
from 2900 to 3900 Bar for the capsules, after the
sterilizing filtration process.

Although in practice, the minimum bubble point is
set by the manufacturer for a filter medium moisten
with water, regulatory requirements state that it must
be established during the actual operating conditions
before and after its use to guarantee safety [1-4]. In
more than 200 production lots, where the sterilizing
filtration of the HBsAg API has been made with mem-
branes, values of bubble points have be of 4588 ±
162 and 3935 ± 217 mBar, before and after the ste-
rilizing filtration process. For nine sterilization pro-
cesses using capsules, values are of 3616 ± 114 Bar
and 3274 ± 55 before and after filtration, respectively.
According to our results, the relationship of bubble
points before and after filtering is nearly 90%, indi-
cating the predictable influence of phosphate buffer
and the concentration of HBsAg API on the pore size
of the filtering medium [1, 3]. As the bubble point
presumably represents the largest pore present in
the filtering medium, its value is not absolute. This,
together with the influence on the filtering medium,
the intrinsic characteristics of the material to be
filtered, the protein concentration, and viscosity and
composition of the phosphate buffer, lead to reasona-
ble bubble point variances of between 10 and 15%
for a specific filtration process, which was verified in
our study [1, 13].

The above results demonstrate how the procedures
for preparation, sterilization and use of the filtering
media ensure physical and chemical stability during
the filtration process. This integrity test fulfilled the
current regulatory requirements and also showed that
any tested media could be specifically used in the ste-
rilizing filtration process for the HBsAg API, because
the results are similar [1-3].

Analysis of extractables
For the extraction process, a worst case scenario was
simulated, since the filtration systems after steriliza-
tion take no more than 6 hours to e used, adding the
hour of the filtration process per se, which is always
operated at room temperature. The analysis of extrac-
tables using FTIRS is simplified after knowing the
initial spectral contribution of the materials used to
make the filtering media without any treatment (Fi-
gure 5, signal 1 left and right). Several intense spikes
at wavelengths of 1045 cm-1, 1120 cm-1, 1235 cm-1,
1375 cm-1, 1640 cm-1 and 1740 cm-1, identified the dif-
ferent functional groups characterizing the particular
structure of membranes and capsules [12]. None of
the filtering media had a significant spectral contribu-

tion at between 2000 and 4000 cm-1, except for the -OH
groups of environmental humidity after 3000 cm-1 (da-
ta not shown). It is important to notice that the spec-
tra for both filtering media were virtually identical,
due to the structural similarity of their chemical com-
position [12].

By moistening the filtering media with phosphate
buffer at room temperature for 20 min, a new spectral
contribution appeared at 1670 cm-1, in addition to those
already seen (Figure 5, signal 2 left and right). These
spectra were used as reference to identify contaminants
that could appear in the filtering material.
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Figure 5. Evaluation of extractable substances for membranes (left) and capsules (right) through FTIRS.
To the left, the spectra for membrane 113; 1) dry membrane taken directly from its envase; 3) sterile
buffer phosphate in autoclaving; filtered API-HBsAg;5)spectral difference between buffer phosphate and
filte-red API-HBsAg and 6) spectral difference between the phosphate buffer (control) and BP maintained
with  membranes for 24 h at 70 oC. To the right for Sartobran P capsules: 1) dry membrane; 2) wetted
membrane with buffer phosphate; 3) sterile buffer phosphate in autoclave; 4) filtered API-HBsAg; 5)
spectral difference between the signs from buffer phosphate (control) and filtered API-HBsAg; and 6)
spectral difference between the signs from buffer phosphate (control) and buffer phosphate in contact
with the membrane for 24 h at 70 oC.
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view [monografía online]. URL: http://
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Table 2 . Determination of the bubble point of the filter ing media used in steri lizing fil trat ion 
for API-HBsAg 

Type 113 membranes 

Sample a 
B.P.min. water 

(mBar) 
B.P.mean water 

(mBar) 
B .P.mean prod. 

(mB ar) 
B.P.min. prod. 

(mBar) 
Accept.  crit. b   

(mBar) 

1  

4290 

4583 ± 72 3905 ± 25 

3665 ± 56 3600 - 4600  2  4315 ± 22 3740 ± 10 

3  4497 ± 38 3797 ± 15 

Mean  4465 ± 126 3814 ± 74   

Sartobran P capsules 

1  

3410 

3610 ± 229    3267 ±  6 

3094 ± 126 2900 - 3900  2  3590 ± 115 3250 ± 17 

3  3630 ± 167 3293 ± 21 

Mean  3610 ± 154 3270 ± 23   

B.P.mi n.  water: m inimum bubble point of membranes moistened w ith water. 
B.P.mean water:  Mean bub ble point of membranes moistened with water. 

B.P.mean prod.: Mean b ubble point  determined for the product a fter filtrat ion. 

B.P.mi n.  prod.: the minimum bubble point  for the product . 
aAll the sa mples were measured in triplicate. 
bAccept . crit.:  Acceptance criteria as est ablished  for the te st.  
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All the buffer phosphate and HBsAg API spectra
were characterized by a wide peak with the maximum
at 1670 cm-1 whose position did not correspond to the
functional groups present in the filtering media (Figure
5, signals 3 and 4 left and right). This peak remained
virtually unchanged, without any others appearing for
24 hours at 70 °C after sterilization (data not shown).

The most significant result of this study is that of
the subtraction of the spectra obtained for phosphate
buffer, baseline, and those of the filtered HBsAg APIs
(Figure 5, spectrum 5 left and right) and phosphate
buffer at different times of contact with the filtering
media after the treatment (Figure 5, spectrum 6 left
and right). The absence of any peak with a threshold
higher than 0.05% transmittance in these spectra
showed that the filtering media did not provide conta-
minants which could interfere with the filter quality
under the specific conditions of sterilizing filtration
for the API-HBsAg. This even occurred for a worst
case scenario in which the extraction conditions were
at a rate of 6000 cm2/L, although the true conditions
of the process were 8.7 and 333.3 cm2/L per volume of
API filtered through type 133 membranes and Sar-
tobran P capsules, respectively. Both, the extraction
procedure of this study and the infrared spectra shown
in figure 5, were very similar to those reported by the
manufacturer for Sartobran P capsules in contact with
water regardless of the measuring method [14].

The buffer in contact with the filtering media was
also studied by RP-HPLC (Figure 6). Signals obtained
for the baseline and buffer in contact with the mem-
brane at different storage times at 70 °C were in the
range of milliabsorbance units (mAU), equivalent to
the noise level of the detector itself with small drifts
in the running time. Once again, components of the
filtering media were not detected, which could not be
compared with the HBsAg API signal due to the irre-
versible interaction of the biological material with the
stationary phase of the chromatographic column [15].
Nevertheless, considering that these signals were in
the range of the detection limit, and knowing the ex-
traction conditions, levels lower than 10 ppm could
be achieved for both filtering media.

While demonstrating the suitability of a filtering
medium for a particular application, knowledge on
the probability of generating extractable substances
which could be introduced into the processing stream

during filtration should be considered [1-4]. According
to the requirements of the Regulatory organizations,
different tests and guidelines have been proposed for
evaluating extractables from plastics, including the
American Pharmacopeia (USP) which proposed an ex-
traction methodology to evaluate extractable substan-
ces from plastics and possible analytical techniques.
They also emphasized that a single method of analy-
sis is not enough to give a reliable result, taking into
account the complexity of the individual substances
to be identified [16-19]. In this study, we used two of
the most recommended techniques because of their
high level of identification: FTIRS and RP-HPLC; thus,
the results showed the absence of extractable subs-
tances from the filter media, because there were no
signs of them. It is very important to ensure that the
filtering medium does not release components that
may contaminate the filtered material, which must
be demonstrated regardless of the considerations of
the manufacturers, even knowing the low level of ex-
tractable substances for many of the filtering systems
currently available, including the ones used in the pro-
duction of the HBsAg API [12]. The assessment un-
der the specific operating conditions provides valuable
information on system performance.

Microbiological challenge

Microorganism characterization

Prior to the challenge test, B. diminuta ATCC 19146
was identified, with a viability of 6 x 1010 c.f.u./mL,
and its purity corresponded to the standard defined
using an API test which was positive for Brevundi-
monas (Figure 7).

Moreover, it was demonstrated that there was no
aggregation by filtration through 0.45 μm and 0.2 μm
membranes. There was only growth and turbidity in
the broth inoculated with filtrates from the 0.45 μm
membrane. These results demonstrate that cell diameter
was larger than 0.2 μm and lower than 0.45 μm, in
agreement with the selection criteria for the micro-
organism used [1-3].

14.  Sartorius AG. Sartobran P®. Extrac-
tables Analysis. Publication No. SPK 5720-
e02062; 2002.

15.  Tleugabulova D, Falcón V, Sewer M.
Pentón E. Aggregation of re-combinant
hepatitis B surface antigen in Pichia pas-
toris. J. Chromat B 1998;716:209-19.

16.  Yu X, Wood D, Ding X. Extractable and
leachables study approach for disposables
material used in bioprocessing. Two case
studies illustrate a systematic approach.
Biopharm 2008; February 1:42-8.

17.   Bennan J, Bing F, Boone H, Fernández
J, Seely H, van Deinse H. Evaluation of
extractable from product-contact surfaces.
Biopharm 2002; December 3:22-34.

18.  Weitzmann CJ. The use of model
solvent for evaluating extractable from
filters used to process pharmaceutical
products, part 1. Practical considerations.
Biopharm 1997; April 6:44-59.

19.  Weitzmann CJ. The use of model
solvent for evaluating extractable from
filters used to process pharmaceutical
products, part 2. Assigning a model
solvent. Biopharm 1997; April 6:72-9.

Figure 6. Chromatographic profiles during the extractable
test for filter media in the sterilizing filtration of API-HBsAg.
The signs correspond to 1) buffer phosphate(white), 2) buffer
phosphate in contact with membrane 113; and buffer phospha-
te in contact with membrane of  Sartobran P. capsule. The signs
2 and 3 were taken after maintaining both filter media at 70 oC
during 24 hrs: After sterile heat moistening.

Figure 7. Biochemical identification of Brevundimona dimi-
nuta ATCC19146 in the challenge testing for membranes 113
and Sartobran P capsules.
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Table 3. Bubble point determination in the microbiological challenge test 

Contaminated material 

Bubble point 
(mBar) Result 

Type 113 membranes Sartobran P capsules 

PBa   4458 ± 149 3620 ± 62 Positive 

APIb 4480 ± 79  3705 ±33 Positive 
a PB: Phosphate buffe r. 
b API : Act ive pharmaceutical ingredient. 
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Assessment of membrane integrity
by the bubble point test prior to filtration
The Bubble point determination, a non-destructive
method to assess the integrity of a filtering membrane
is recommended prior to microbiological challenge
testing (Table 3) [1-3]. The filters were well prepared,
with bubble point values being within the defined ran-
ges for the specific operation, depending on the type
of membrane used (section 3.3).

Bacterial retention tests
The bacterial retention tests were carried out on dif-
ferent days, and contaminated phosphate buffer and
HBsAg API were challenged, as described in the ex-
perimental methodology. The sterility of the filtered
material was satisfactory since there was no contami-
nation, demonstrating the effectiveness of both filtering
media to retain a high microbial load, and to sterilize
effluents under the conditions of the process for
obtaining the API of the Cuban anti-hepatitis B vaccine
(Table 4).

These results demonstrate the sterility assurance
of the filtering process of the HBsAg API with both
filtering media. However, from the technological and
regulatory points of view, the reduction of processing
time by eliminating a sterilization cycle, the decrease
in handling prior to filtration and the operating time
per se, make the filtration using Sartobran P capsules
more attractive.

Other operation parameters
The results of this study answer important questions
regarding a filtration process. The chemical compati-
bility of the filtering media was demonstrated during
the measurements of bubble points before and after
the filtering process. Compliance with the acceptance
criterion for this test indicated that both filter media
remained unaltered in structure when interacting with
the process stream. Another relevant aspect is the
percentage of recovery in terms of HBsAg, which was
maintained above 99% in more than 200 lots produced

to date. This indicates a low protein adsorption on to
the filtering media, based on a correct selection of
operational parameters, the pressure of approximately
1 bar, temperature at 22 ± 2 °C, an ionic strength of
phosphate buffer of 16 ± 3 mS/cm and an HBsAg
concentration of 1 mg/mL.

Conclusions
Any API producer, regardless of the considerations
of the manufacturer, must comply with the numerous
regulations that validate aseptic filtration processes
[1-4]. In the API-HBsAg sterilizing filtration using
type 113 membranes and Sartobran P capsules (Sarto-
rius, Germany), it was demonstrated that: 1) the pro-
cesses of moist heat sterilization, for the defined loads,
reached F0 values above 15 min, indicating a correct
sterilization; 2) the safe assembly of system elements
by the operators; 3) the physical integrity of both fil-
tering media was conserved before and after the filtra-
tion process; 4) there were no extractable substances
that could be incorporated into the process stream;
and 5) both filtering media could retain bacterial con-
tamination under true process conditions. These
results demonstrate that the sterilizing filtration ope-
ration of HBsAg API is safe.

Received in December, 2008. Accepted
for publication in June, 2009.

Table 4. Results of the microbiological  challenge for the filter ing media after the steril izing 
fi ltr ation of the HBsAg API 

Fi ltering 
media 

Contaminated 
material 

Inoc. Conc.a 

/10-9 c.f.u.b/mL 
Bottle Conc.c    

/10-6 c.f.u./mL 
Memb. Conc.d 

/10-7 c.f.u./cm2 
Sterility test 

Type 113 
membrane  PB e 5 .7±1.9 3.8 ±1.3 4.5±1.5  Passes  the test 

 API f 6.8±2.4 13.3 ±4.6 5.3±1.8  Passes the test 

Sartobran P 
ca psules PB 6 .6±0.2 1.7 ±0.5 5.3±0.2  Passes  the test 

 API 6.7±0.6 5.3 ±0.5 5.3±0.5  Pass es the  test  
a Inoc . Conc. : Inoculum concentrat ion. 
b c.f .u.: Co lony forming units. 
c Bottle Conc.: Bottle concentrat ion.  
d Memb. Conc. : Membrane concentration. 
e PB: Phosphate buffe r. 
f API: Active pha rmaceutical ingredien t. 
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