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Abstract Haemophilus inXuenzae type b, an encapsulated
bacterium, causes meningitis in infants worldwide. The cap-
sular polysaccharide conjugated to a carrier protein is eVective
in the prevention of such infections. The traditional puriWca-
tion process of polysaccharide from bacterial cultures for vac-
cine production is based on several selective precipitations
with solvents such as: ethanol, phenol, and cationic deter-
gents. The separations of solid and liquid phases are based on
continuous centrifugation in explosion proof installations. The
lipopolysaccharides are separated by ultracentrifugation. A
simple and eYcient method that can easily be scaled-up was
developed for puriWcation of polysaccharides. The ethanol
precipitation was reduced to only two steps. The phenol treat-
ment was substituted by ultraWltration and enzymatic diges-
tion. Lipopolysaccharide was removed by ultraWltration
together with addition of detergent and chelating agent.

Keywords Polysaccharide puriWcation · Tangential 
ultraWltration · Enzymatic digestion

Introduction

Haemophilus inXuenzae type b (Hib), an encapsulated,
Gram negative, cocco-bacillus bacterium, is one of the

most common agents of meningitis in infants and immuno-
deWcient adults worldwide [1, 2]. In the USA, after the
introduction of the vaccines in 1988, the incidence of men-
ingitis by Hib in children up to 5-years-old decreased to
less than 2.5 cases per 100,000, in 1993 [3, 4]. In Brazil, the
incidence of Hib meningitis under 1 year, between 1987
and 1991, was 17.7 cases per 100,000 ha [5].

The capsular polysaccharide of H. inXuenzae type b, a
repeating polymer of ribosyl ribitol phosphate (PRP), is the
most important cause of its virulence [6]. The PRP vaccine
produces T-cell independent protection and children less
than 2 years are not protected. The conjugation of PRP with
an immunogenic carrier protein produces T-cell dependent
protection and promotes long-term immunological memory
in the infant population. Actually there are six conjugated
PRP-carrier protein approved [3, 4].

Although there are several studies about the immuno-
genic characteristics of polysaccharides vaccines, the
know-how for large scale production and puriWcation are
not in the public domain. Furthermore, the publications are
scarce and most of them are patents [7–10]. The vaccina-
tion against H. inXuenzae type b will be included in the
World Health Organization Expanded Program on Immuni-
zation as a tetravalent vaccine (tetanus–diphtheria–pertus-
sis–Hib). The production cost of conjugated PRP vaccines
is high because of the several production process stages
involved, such as: bacterial cultivation for PRP and protein
(in general diphtheria or tetanus toxin) production, PRP and
protein puriWcation, chemical conjugation between PRP
and protein, and further separation of the PRP-protein from
the free reagents. Therefore, any improvement in one of
these steps would contribute to enhance the cost–beneWt
ratio for vaccine production.

According to the patents, the puriWcation of PRP starts
with the inactivation of the cells by phenol, formol or
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thimerosal and the separation of the culture broth by centri-
fugation. The clariWed supernatant is then concentrated by
tangential Xow ultraWltration with a 50-kDa cut-oV mem-
brane [9, 10], precipitated with cationic detergent cetyltri-
methylammonium bromide (cetavlon) and the complex
PRP-cetavlon solubilized with calcium chloride [11] fol-
lowed by several ethanol precipitation and desproteiniza-
tion by extraction with phenol and further ethanol
precipitation. The lipopolysaccharides are separated from
the PRP by ultracentrifugation.

Our laboratory has developed an improved method for
puriWcation of vaccines polysaccharides against Neisseria
meningitidis serotype C [12] and Streptococcus pneumo-
niae serotype 23 and 6B [13, 14]. This process reduces con-
siderably the number of ethanol precipitation steps, phenol
extraction was replaced by enzymatic treatment and the
ultracentrifugation by ultraWltration in the presence of che-
lating agent and detergent.

In the present paper, the improved method used for
Neisseria meningitidis serotype C and Streptococcus
pneumoniae serotype 23F and 6B was applied to purify
the polysaccharide from H. inXuenzae type b in order to
check the general applicability of the method, with minor
modiWcation, for puriWcation of polysaccharides vac-
cines.

Materials and methods

Strain

H. inXuenzae type b GB 3291 was obtained from the Center
for Disease Control and Prevention (Atlanta, GA), and the
manufacturing master seed was prepared in the Department
of Bacteriology at the Instituto Adolfo Lutz (São Paulo, SP,
Brazil) [15, 16].

Bioreactor cultivation

The culture was carried out in a 13-L BioXo 2000 (New
Brunswick ScientiWc Co. USA) bioreactor containing 7.6 L
of medium under agitation (100–700 rpm) at 37 °C. The air
supply was provided as air sparged aeration and maintained
at 0.25 vvm (volume of air per volume of medium per min-
ute). The pH was controlled at 7.4 and dissolved oxygen
tension at 30% of air saturation, as described in Takagi
et al. [15, 16].

Analytical procedures

PRP concentration was measured by the modiWed Bial
method, using ribose as standard [17] after dialysis of the
samples [15, 16]. The PRP concentration was determined

by multiplying the ribose concentration by 2.55, according
to the PRP structural formula reported by Crisel [18].

Protein (Prt) was determined by Lowry method [19].
Nucleic acids (NA) were estimated at 260 nm and the
amount was calculated assuming an absorbance of 1.0
A = 50 �g/mL [20]. Rocket immunoelectrophoresis was
carried out according to Laurel [21]. The burro serum
against PRP from Haemophilus inXuenzae type b and the
standard puriWed PRP from H.inXuenzae type b were kindly
provided by Dr. Carl Frasch [Food and Drug Administra-
tion (FDA)]. Lipopolysaccharide (LPS) was determined as
KDO (2-keto-3-deoxyoctonate) by Osbom method [22].
Phosphorus concentration was determined by the method of
Chen et al. [23]. PRP molecular size was determined in
Sepharose CL-4B packed into a XK16/100 column (both
from GE Healthcare, Uppsala, Sweden). The distribution
coeYcient, Kd = (Ve ¡ Vo/Vf), where Ve = elution volume,
Vo = void volume and Vf = Wnal volume, was determined
using Blue dextran and riboXavin as the respective void-
volume and Wnal-volume markers [24]. Residual proteo-
lytic activity of trypsin, pronase and nagarse was determi-
nated in the Wnal product [13].

The puriWcation eYciency was followed by the total
amount per liter of culture for: PRP, NA, Prt and KDO
(LPS). PRP (%) recovery, relative purity (RP) and puriWca-
tion factor (PF) are deWned as follows. Recovery = (step-
amount/initial-amount) £ 100. Relative Purity of polysac-
charide in relation to nucleic acid, protein or KDO (LPS) as
RPxx = mg PRP/mg contaminant xx in each puriWcation
step (mg of product per mg of contaminant). The puriWca-
tion factor (PF = RPstep/RPinitial) and puriWcation factor in
each step (PFstep = RPstep/RPprevious step) indicate how many
times the purity of the product was improved in relation to
the initial or previous step of the puriWcation process.

Description of the puriWcation protocol

Cells separation

The culture broth was harvested and the cells were sepa-
rated by centrifugation at 17,725g; 4 °C for 30 min (Beck-
man Avanti® J-25I) and the supernatant was used for PRP
puriWcation—clariWed broth fraction.

First concentration by tangential ultraWltration 100 kDa 
(1CTUF100)

The clariWed broth was concentrated using tangential
ultraWltration membranes with a pore of 100 kDa (TUF
100 kDa.); 0.1-m2 Wltration area with a inlet pressure of
20 psi and a transmembrane pressure (TMP) of 7.5 psi
(Prep-Scale spiral type Millipore, Bedford, MA, USA),
[25]. The initial volume was reduced to »1 L and washed
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with 4 volumes of saline—concentrated TUF 100-kDa
fraction.

Ethanol precipitations

The pH of the concentrated TUF 100 kDa from the Wrst
ultraWltration was adjusted to pH 5.8 and Na-acetate and
cold ethanol were added to a Wnal concentration of 5% (w/
v) and 30% (v/v), respectively, and kept at 4 °C for 12 h.
The 30% ethanol solution was centrifuged at 11.725g for
60 min and the precipitated was discarded—supernatant
EtOH 30% fraction. The pH of the supernatant EtOH 30%
fraction was adjusted pH = 5.8, Na-acetate increased to 7%
(w/v) and cold ethanol was added up to 80%, and processed
as described above. The precipitated was resuspended in
water and insoluble materials removed by centrifugation
[15, 16], water soluble EtOH 80% fraction.

Enzymatic treatment and second concentration 
by tangential ultraWltration 100 kDa (2CTUF100)

The pH of water soluble EtOH 80% fraction was adjusted
to 7.0 with concentrated Tris-HCl buVer containing MgCl
and NaCl in order to achieve 50, 2 and 20 mM of Wnal
concentrations, respectively. The enzyme endonuclease,
(Benzonase® EC 3.1.30.2) was added, 1 unit per mg of
NA, to the water soluble EtOH 80% fraction and incu-
bated for 4 h at 37 °C and 100 rpm. Subsequently the pro-
teases pronase E (type XIV; EC 3.4.24.31), trypsin (type
I; EC 3.4.21.4) and nargase (type XXVII; EC 3.4.21.62)
were added, 1 unit each per mg of Prt, with 2 h interval
between them and incubated at 37 °C and 100 rpm. All
the above enzymes were purchased from Sigma–Aldrich
Fine Chemicals (St. Louis, MO, USA.). After the enzy-
matic treatment, Na-deoxicholate (DOC) and ethylenedi-
aminetetraacetic acid (EDTA) were added to a Wnal

concentration of 0.3% and 2 mM, respectively, and incu-
bated for 1 h.

Low-molecular-mass contaminants resulting from
enzyme hydrolysis and detergent degradation were elimi-
nated by the second 100-kDa cut-oV membrane with area of
0.015 m2; inlet pressure of 30 psi and TMP of 20 psi (Lab-
Scale, cassette type, Millipore). The volume was reduced to
»300 mL, washed extensively and sequentially with 4 vol-
umes (vol.) of 50 mM TrisHCl, 2 mM EDTA and 0.3%
DOC pH 7.0; 4 vol of 50 mM TrisHCl, 2 mM EDTA pH
7.0; 4 vol 150 mM NaCl; 4 vol. distilled water. The PuriWed
PRP was Wltered sterile by a 0.2-�m membrane, lyophilized
and submitted to the purity test.

Results and discussion

The results of the puriWcation process are summarized in
Table 1. After the separation of cells from the fermented
broth, it is possible to verify that the concentration of PRP
is quite low if compared to proteins (RPPrt = 0.24) and
nucleic acids (RPNA = 0.06) concentrations. There are
around six times and sixteen times more proteins and
nucleic acids, respectively, than polysaccharide. The con-
centration of PRP related to LPS measured as KDO was
28 times more PRP than KDO. This number represents
only the amount of KDO (2-keto-3-deoxyoctanate) a sugar
component of all LPS [22].

The puriWcation of PRP in relation to the proteins, in the
Wrst concentration by ultraWltration 100 kDa cut-oV mem-
brane was PFPrt = 3.7 and RPPrt = 0.87 (one mg of PRP per
1 mg of protein). Small molecules from the culture
medium, salts and others molecules produced by the micro-
organism lower than 100 kDa can cross easily through the
pore of 100 kDa cut-oV membrane eliminating large
amount of contaminant [13]. The apparent PRP recovery in

Table 1 PuriWcation of capsular polysaccharide from Haemophilus inXuenzae b

Relative purity: RPxx = mg PRP/mg xx; xx is protein (Prt) or Nucleic acid (NA) or Lipopolysaccharide measured as KDO

PuriWcation factor: PF = RPstep/RPinitial

Step puriWcation factor: (FPstep = RPstep/RPprevious step). The values between parentheses mean previous step
a PRP, protein, nucleic acids and KDO in mg/L of culture broth § coeYcient of variation (%). All values are the average of three cultivations

PRPa (mg/L) % Recovery Proteina 
(mg/L)

PRP/Prot PFprot NAa (mg/L) PRP/NA PF NA KDOa

(mg/L)
PRP/KDO

ClariWed broth 1,969 § 6.4 100 8,352 § 8.3 0.2 1.0 32105 § 7.3 0.1 1.0 68.5 § 10.7 29

1CTUF100 1,471 § 3.6 75 (75) 1,694 § 15.5 0.9 3.7 (3.7) 3659 § 20.1 0.4 6.6 (6.6) 57.8 § 3.8 25

Supernatant 
EtOH 30%

1,379 § 3.8 70 (94) 1,706 § 15.1 0.8 3.4 (0.9) 402 § 30.9 3.4 56.0 (8.5) 24.3 § 8.1 57

Water soluble 
EtOH 80%

1,448 § 2.0 74 (105) 562 § 7.8 2.6 10.9 (3.2) 173 § 25.9 8.4 136.2 (2.4) 7.7 § 10.7 188

2CTUF100 1,334 § 2.5 68 (92) 26 § 0.7 51.8 219.8 (20.1) 2 § 7.1 579.9 9,457.2 (69.4) 0.4 § 8.7 3,334
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this step was 75%, the lowest in this process if compared
with polysaccharide 6B and 23F of S. pneumoniae, [14].
Usually polysaccharides are polydispersed molecules and
the lower range of molecular mass can be eliminated
through 100-kDa cut-oV membrane. Besides, PRP quantiW-
cation is made by ribose determination and some contami-
nant molecules that can interfere in the method, but with
lower molecular mass are lost in the ultraWltrate, resulting
in an apparent low recovery of PRP. The 30% ethanol pre-
cipitation did not show any PRP puriWcation with respect to
protein with a PFPrt = 0.9. In fact, we observed a bigger loss
of polysaccharide than contaminant proteins. The second
precipitation step with 80% ethanol, after the resuspension
in water, showed a slight puriWcation with a PFPrt = 3.2
[13]. The best result for protein elimination was achieved
after enzymatic digestion (proteases), where the residual
proteins with molecular mass bigger than 100 kDa were
hydrolysed and the resulting small peptides ultraWltrated
through 100-kDa cut-oV membrane (2CTUF 100), with
RPprt = 51.8 and PFprt = 20.1.

Nucleic acids elimination by the Wrst step 1CTUF 100-
kDa cut-oV membrane showed a PFNA = 6.6. Many compo-
nents with absorbance at 260 nm and molecular mass less
than 100 kDa were easily eliminated in the ultraWltrated
fraction. The precipitation with ethanol 30% had a
PFNA = 8.5, it was much better than the elimination of pro-
teins, with a good trade oV for this step. The same treatment
worked very well for one contaminant, nucleic acid, but
unsatisfactorily for proteins elimination. The best result for
elimination of residual nucleic acids was obtained after the
enzymatic treatment with nuclease (Benzoase®) (2CTUF
100) with RPNA = 579.91 and PFNA = 69.4. The enzyme
hydrolyses the high molecular weight residual genomic
DNA and RNA and the oligonucleotides produced are
Wltered freely throughout the membrane.

The lipopolysaccharide, LPS, forms aggregates of high
molecular weight in aqueous solution and for this reason,
the elimination in the Wrsts steps of concentration by diaWl-
tration in 100-kDa cut-oV membrane was only 16% against
80–90% with nucleic acids and proteins [26, 27]. In the pre-
cipitation with ethanol, LPS behaves like a polysaccharide,
partially co-precipitated with nucleic acids. The elimination
of LPS, measured as KDO, is done with the second TUF in

the presence of detergent and chelating agent, DOC/EDTA.
The EDTA quenches the divalent ions from the polysaccha-
ride moiety of the LPS and the electronegative polysaccha-
ride repels each other [27]. The detergent deoxycholate,
DOC, breaks the hydrophobic interaction of the fatty acids
of the lipid part. These combinations of electronegative
charge of polysaccharide and diminution of hydrophobic
interactions disestablish the aggregate and produce the low
molecular weight monomers of LPS; which can be freely
Wltrated through out membrane of 100-kDa cut-oV [26, 27].

Every step in the puriWcation process is necessary to
obtain the Wnal purity of Hib polysaccharide, but the high-
est puriWcation factor was obtained in the enzymatic frac-
tion for the three main contaminants with PFPrt = 16.6,
PFNA = 73 and KDO with elimination of 95%. The puriWca-
tion of polysaccharides from S. pneumoniae 23F and 6B
showed diVerent results: the elimination of proteins for the
23F was done in the ethanol precipitation steps and the
nucleic acid removal in the enzymatic DOC/EDTA TUF
30 kDa [13]. In contrast, the 6B best puriWcation step for
proteins and nucleic acid were the ethanol precipitation
[14]. On the other hand, the Gram negative N. meningitidis
behaves similar to the Gram negative H. inXuenzae and the
last step of enzymatic treatment is the best step [12].

The residual proteolytic activity in the concentrated frac-
tion and in every washing step was measured using casein as
substrate. The proteolytic activity was eliminated by increas-
ing the washing step as showed in the Table 3. In order to
make sure whether under the washing conditions the
enzymes were eliminated through out the100-kDa cut-oV
membrane, a pool of the ultraWltrated fractions was concen-
trated in the membrane of 5-kDa cut-oV. We have observed
that all activity was present in the ultraWltrated fractions.

Figure 1 shows the evaluation of the PRP as immunolog-
ical antigen in all puriWcation fractions. The Burro serum
against PRP from H.inXuenzae type b recognizes PRP in all
fractions. The signal in the ultraWltrated samples (Fig. 1,
lane g) was low showing that the majority of PRP was in
the concentrated fraction. All PRP concentrations obtained
from the Rocket immunoelectrophoresis method were
according to that obtained by Bial’s method.

Besides the identity, which was veriWed by immunologi-
cal test previously discussed, the PRP obtained by the pro-

Table 2 Residual proteolytic 
activity in puriWed PRP

Treatment Sample Arbitrary activity 
units (A280 at 48 h)

Enzymatic treatment +
second concentration 
100 kDa

UltraWltrate 1.5 volumes saline/Tris/azide 2.5

UltraWltrate 3.0 volumes saline/Tris/azide 1.5

UltraWltrate 2.0 volumes DOC/EDTA/tris 0.02

UltraWltrate 3 volumes Tris 0.0

2CTUF 0.0

Pool ultraWltrates 100 kDa/concentrated 5 kDa 2.7
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posed puriWcation method was also submitted to further
tests to evaluate its compliance to World Health Organiza-
tion (WHO) speciWcations [28, 29]. Table 2 shows that the
puriWed PRP fulWlls four out of six WHO requirements for
this product: ribose and nucleic acid content, molecular size
distribution and identity. Phosphorus content is also very
close to the speciWed value. Extensive washing employed
after the extraction with 80% ethanol (Table 1) resulted in a
20 times decrease in proteases activity, which were lost in
the concentrated of 100 kDa and recovered in the ultraWl-
trate [30]. Nevertheless, the protein content is still twice the
maximum allowed (Table 2), which implies that more
eVective washing might be needed. The WHO recom-
mended tests also include endotoxins analysis, which is
already being carried out.

The developed process greatly reduces the number of
precipitations as well as the volume of ethanol used for this
purpose [31, 32], but it was not feasible to substitute it com-
pletely by the enzymatic treatment and ultraWltration. In the
experiments that were done using enzymatic treatment
without ethanol precipitation, the Wnal product did not
reach the required purity (not shown).

The phenol precipitation, for desproteinization, and the
ultracentrifugation, for removal of LPS, were replaced by
enzymatic treatment and by ultraWltration in the presence of
chelating agent and detergent [26, 27, 33]. The new meth-
ods have the advantages of not using a toxic and corrosive
solvent as phenol and reducing the volume and number of
ethanol precipitation, an explosion prone reagent. The
ultracentrifuges are expensive and the running of the pro-
cess is limited by the volume that each centrifuge can han-
dle. Although enzymatic treatment and tangential
ultraWltration can contribute to increase the downstream
processing costs, the new puriWcation method described
here is simple, eYcient, non-toxic, easy to scale-up and
environmentally friendly.
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