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Abstract

Licensed as well as candidate cholera vaccines available at the present requires the dose preparation (included buffer) at the moment of
application. The aim of this work was to evaluate the presentation in oral tablets of an inactivated cholera vaccine to avoid that inconveniences
during application. We have therefore compared inactivated cultures of Vibrio cholerae with tablets formulation vaccine. We obtained that
antigenic activity (ELISA) and immunogenicity in animal model (ELISA and vibriocidal tests) of V. cholerae inactivated cell remained
unaltered in the final tablet formulation. The results suggest that the oral tablet formulation could be a useful pharmaceutical form in order to

produce a new and affordable cholera vaccine.
© 2006 Published by Elsevier Ltd.
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1. Introduction

Cholera is an infectious disease characterized by severe,
profuse and rice-water stools. The diarrhoea can be quite
severe and can even cause death within a period of 5h fol-
lowing the onset of symptoms if the patient does not receive
adequate medical treatment.

Cholera infection is most common among populations
inhabiting underdeveloped areas or regions affected by nat-
ural disasters, wars or other destructive events, which bring
about poor sanitary conditions [1].

Antibiotic treatments and re-hydrating therapy are gen-
erally enough to reduce cholera mortality to less than 1%.
On the other hand, cholera convalescence leads to strong and
long-lasting protective antibacterial immunity. This specific
immune protection is associated to the presence of serum
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vibriocidal antibodies as indicator of human protection [2,3].
The antibacterial response is mainly directed against the
lipopolysaccharide (LPS, O antigen), and it was demon-
strated by experimental passive protection of serum from
volunteers inoculated with attenuated strain 638 of Vibrio
cholerae O1 in animal models [4].

In the last 15 years different types of oral cholera vaccines
have been developed, derived from either whole inactivated
cells or from live attenuated ones that are referred subse-
quently:

Aninactivated whole cells oral vaccine supplemented with
recombinant cholera toxin B-subunit (B-WC) has been exten-
sively tested in field trials [5-8]. Another inactivated whole
cell vaccine but without CTB has been locally produced and
evaluated in Viet Nam [9]. In general these vaccines are safe
and well tolerated but one of them is expensive and both
require more than one dose beside to provide protection.

Oral “single dose” attenuated V. cholerae strains consti-
tutes another approach in the field of cholera vaccine. Several
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live attenuated vaccine candidates have been developed and
classical Inaba CVD 103 HgR constituted the most widely
evaluated [10,11].

Directed to El Tor biotype, two attenuated strains have
been reported as immunogenic and nonreactogenic in
volunteers: 638 (ACTX®, hap::celA) [12] and Peru 15
(ACTX®,CTB*, motility defective) [13].

Although above mentioned vaccines and vaccine candi-
dates have shown usefulness, their pharmaceutical presenta-
tions present difficulties during preparation for application,
because they require the dose preparation in the moment
of application and co-administration of appropriated buffer
solution. We present in this work the development of a oral
tablet formulation of a cholera inactivated vaccine, and the
evaluation of their antigenicity and immunogenicity in ani-
mal model.

2. Materials and methods

The active pharmaceutical compound was developed and
obtained at Finlay Institute and the tablets were prepared at
MEDSOL Laboratories. In general we described in this paper
the tablet formulation with the evaluation of the possible
interferences of the excipients with analytical test, interfer-
ences between the excipients and the vaccine’s active com-
pound. Finally we studied the antigenicity of the vaccine and
its immunogenicity in adult rabbit model.

2.1. Active compound

One tablet of vaccine contain as active pharmaceutical
compound heat-killed whole cells of V. cholerae strain C7258
(7 mg per tablet) belonging to serum group O1, serum-type
Ogawa and biotype El Tor. The culture was conducted as
described by Afio et al. [14], but the bacterial biomass was
obtained in fermentor (Chemap, Switzerland) with work vol-
ume of 20L. Briefly, the culture media was Triptone Soy
Broth (BIOCEN, batch 3500003), the cultures were done
during 3—4h at 37°C, 400rpm and pH controlled at 7.3.
The cultures were inactivated by heat treatment for 20 min
at 60 °C. After this, the bacterial cells were washing by tan-
gential filtration against PBS.

2.2. Preformulation assays

2.2.1. Interference determination of excipients—ELISA
and between excipients and the vaccine’s active
compound

To evaluate the compatibility between excipients and
active pharmaceutical ingredient is necessary to known the
excipients—ELISA interferences, if any. The evaluated excip-
ients were; sodium carboxymethyl starch, croscaramellose,
povidone, talc, magnesium stearate, titanium dioxide, silicon
dioxide, corn starch and lactose.

Inactivated cells and its mixtures, including each of the
different excipients, as well as separate solutions of excipi-
ents, were studied. The inactivated cells were employed as a
positive control group and five replicas of each variant were
carried out. In all cases the concentrations of inactivated cells
were adjusted to 7mg/mL (dry weight).

ELISA plates (Maxisorp, Nunc) were coated overnight at
4 °C with 100 pL/well of V. cholerae inactivated cells, excip-
ients or an inactivated cells—excipients mixture, dissolved in
phosphate buffer saline (PBS) (pH 7.4). Plates were washed
with distilled water containing 0.05% (v/v) Tween 20 (Merck)
and blocked with skim milk 2% in PBS. After washing an
anti-LPS (4D2G5) monoclonal antibody diluted 1:8000 was
dispensed in the plates and incubated 2 h at room temperature.
Following another wash step, 100 pL/well of an anti-mouse
IgG antibody conjugated with type VI horseradish peroxi-
dase (Sigma Chemical Co., St. Louis, MO), diluted 1/2000
in PBS with 0.05% Tween 20 and 1% skim milk were added
to plates which were incubated at room temperature for 2 h.
The reaction was revealed with ortho-phenylene diamine
(Sigma) 0.4 mg/mL, 0.04% H,O; in citrate phosphate buffer
(pH 5). At 15 min the reaction was stopped by addition of
50 pL/well of H2SO4 2.5N. The absorbance values at 492 nm
were measured in a Titertek Multiskan ELISA reader. The
monoclonal antibody used 4D2GS anti-LPS Ogawa, was
supplied by the Monoclonal Antibodies Department, Finlay
Institute.

The antigenicity of the mixtures containing a suspension
of inactivated V. cholerae cells and the different excipients
used was determined by ELISA described before. The study
was carried out at time of mixing and after 30 days of incu-
bation at 4-6 °C. The excipients used were: lactose, starch,
sodium carboxymethyl starch, croscaramellose, povidone,
talc, magnesium stearate and titanium dioxide. Twelve repli-
cas of each excipient were done.

2.3. Tablets formulation

Tablets were obtained by the humid traditional way. The
mix, humectation and lubrication were performed in a Rotor
Junior Zanchetta mixer. The granulated was dried in a Fluid
Bed System (Viani). Physical-chemical and technological
properties were determined following Standard Operation
Procedures of MEDSOL.

Granulated were compressed in a Rotary Tablet Press
RONCHI with a 12.7mm (1/2inch) normal concave to
obtain nominal weight tablets of 700 mg, which were ana-
lyzed physically-mechanically and technologically follow-
ing Standard Operation Procedures of MEDSOL.

2.4. Antigenicity of tablets

The antigenicity of the tablets was determined through an
ELISA inhibition test aimed at detecting the lipopolysaccha-
ride (LPS) of V. cholerae in the tablets.
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Samples preparation: LPS from V. cholerae O1; Ogawa
and from V. cholerae O139 was purified by hot phenol method
[15].

Suspension cells adjusted to 7mg/mL (dry weight) of
live or inactivated cultures of V. cholerae C7258 strain were
obtained as described before [14] and dispersed tablets, were
used as samples for ELISA.

The purified LPS were diluted 1:2 in PBS from 120 to
0.12 pg/mL. Bacterial suspensions were diluted 1:5 in the
same buffer. The tablets, containing 7 mg of inactivated V.
cholerae, were dispersed by gentile agitation in 4 mL of PBS,
the supernatant was centrifuged (10000 rpm x 15 min) and
finally the pellet was suspended in 400 pL of PBS and used
as described for bacterial suspension.

Polystyrene plates (Maxisorp, Nunc, Denmark) were
coated with 100 pL/well of LPS Ogawa of V. cholerae at
a concentration of 25 pg/mL, dissolved in a phosphate buffer
solution (PBS), and incubated overnight at 4 °C, all incuba-
tion were done in a wet chamber. The plates were washed
and as described in Section 2.2.1. Following the wash, plates
were blocked with 150 pL/well of skim milk at 1% in a PBS,
and incubated for 1 h at 37 °C.

The samples were incubated for 1 h at room temperature in
solutions with a dilution ratio of 1:2 in anti-LPS Ogawa mon-
oclonal antibodies (4D2GS5, 25 pg/mL) dissolved in a PBS
plus 0.05% Tween 20. One hundred microlitres of mixtures
were added per well, incubate for 2 h at room temperature.
After wash, the reaction was revealed, stopped and measured
as described in Section 2.2.1.

2.5. Immunogenicity

Vaccine preparation immunogenicity was evaluated using
adult rabbit intraduodenal inoculation model [16]. Locally
supplied, 2-2.5 kg New Zealand White rabbit were used. The
experiments and procedures were approved by Finlay Insti-
tute’s Committee for the Care and Use of Laboratory Ani-
mals. After a simple laparotomy, the inoculum was admin-
istered in two doses, at cero and 14 days, in the duodenum
luminal space. Five animals received vaccine inoculum from
each one of five tablets batches, five rabbits received inac-
tivated cultures of C7258 strain (active compound, adjusted
to 7mg/mL dry weight) as positive control and three were
used as negative control and received phosphate-buffered
saline, PBS, instead dissolve tablet. Suspensions containing
the tablet formulation, and inactivated cells of V. cholerae
El Tor Ogawa C7258 strain, were prepared as we described
before and used as samples.

Blood was collected on days 0, 7, 14, 21, 28, 35 and 42
and antibacterial serum antibodies were measured by ELISA
[17] with LPS of V. cholerae Ogawa and vibriocidal titter, as
it is described elsewhere [18,19]. For both methods we used
1:2 as dilution factor. The first method used purified LL.PS as
solid-phase antigen and horseradish peroxidase anti-rabbit
IgG conjugate (1:2000) (Sigma Chemical Co., St. Louis,
MO). The antibody titter was considered to be the interpo-

lated dilution of the sample giving an absorbance value of 0.4
above background.

Serum vibriocidal antibody titters were measured in a
microassay with V. cholerae Ogawa serotype VC12 strains
as reference and human complement diluted 1:5. Vibriocidal
titter was calculated as the highest dilution of serum causing
complete inhibition of bacterial growth.

2.6. Statistical analysis

In the study of interferences of excipients with ELISA test
was done by Box and Whisker Plot. To determine the interfer-
ence between excipients with the vaccine’s active compound
was carried out the variance analysis followed by a test of
comparison of multiple range and calculated the percentages
of the average ELISA test obtained at 30 days respect to 0 day.
The acceptance criterion was +10% or less. In the immuno-
genicity assay, logarithmic transformation was used in base
10 of the inverse of the titter, it was verified the normal dis-
tribution and variance equality. For the comparison among
groups were applied ANOVA and the test of multiple ranges
(LSD) as well as Kruskall-Wallis.

The tests were carried out using the statistical package
Statgraphics Plus for Windows 2.1, with a level of signifi-
cance of p<0.05.

3. Results and discussion

The prevention of cholera by vaccination is recommended
in endemic areas (developing countries) or in disasters,
in both scenarios, the hygienic-sanitary conditions, health
infrastructure, communications and cold chain for products
are very poor. For that reasons, a vaccine against this illness,
besides being oral, sure and effective, it should be of easy
dosage and application, as well as to tolerate high environ-
mental temperatures. In the developed pharmaceutical forms,
capsules and tablets are those that better possibilities to ful-
fill the requirements before mentioned and among them, the
tablets, in general, are of smaller costs. For it, we evaluate the
possibility to achieve a vaccine against the cholera in tablets,
maintaining their fundamental characteristic of antigenicity
and immunogenicity.

3.1. Preformulation assays

3.1.1. Determination of excipients—ELISA interferences

There are not many examples of vaccine formulation in
tablets. For this reason is not possible to determine the com-
patibility between active compound and excipients by the
same techniques used in pharmaceuticals products. In order
to complete this objective was proposed to carry out ELISA
technique.

The results showed that sodium carboxymethyl starch pre-
sented a strong interference with ELISA. The cornstarch and
PVP were on the acceptation limit. When the other excipi-
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Fig. 1. Study of possible interferences of tablet excipients using the ELISA technique to evaluate the LPS of Vibrio cholerae. From CO1 to C09: mixture of
excipients with inactivated cells; C10—C18: excipients alone; C19: inactivated cells alone. Excipients used in each of the samples—CO01 and C10: lactose; C02
and C11: corn starch; CO3 and C12: sodium carboxymethy] starch; C04 and C13: talc; CO5 and C14: povidone (PVP); C06 and C15: sodium croscaramellose;
C07 and C16: magnesium stearate; CO8 and C17: titanium dioxide; C09 and C18: siliceous dioxide 1500; C19: inactivated cells.

ents evaluated were mixed with the vaccine active compound
showing similar results to the single inactivated cells used as
positive control, while the unmixed excipients offered sig-
nificantly lower values as shown in Fig. 1. Most excipients
did not showed interference with the ELISA. These results
permit us the utilization of the referred ELISA in order to
evaluate the compatibility of the active compound with dif-
ferent excipients.

3.1.2. Interference between excipients and the vaccine’s
active compound

The lipopolysaccharide antigenicity of the inactivated
cells was no statistically affected when were mixed with the
excipients. The ELISA values of different evaluated mixtures
were maintained below 10% of difference throughout 30 days
of incubation at 4-6 °C (Fig. 2). These results permitted the
selection of excipients needed to elaborate the final formula-
tion with technological criteria.

Nl HH . i
HH s B H & o 1

Samples

100 x (ODo - ODf)
0ODo

Fig. 2. Determining possible effects of the excipients on the antigenicity of
the vaccine’s active complex. The graph represent the percentages of the
average ELISA result values for samples incubated at 4-6 °C for 30 days,
with respect to the ELISA result values for the same samples evaluated at
time 0. The evaluated excipients were: (1) lactose; (2) corn starch; (3) sodium
carboxymethyl starch; (4) sodium croscaramellose; (5) povidone (PVP); (6)
talc; (7) magnesium stearate; (8) titanium dioxide; (9) inactivated cells. The
criteria of acceptance was £10% or below. ODy: initial optical density of
ELISA lectures; ODy: final optical density of ELISA.

Similar results were described before using different anti-
gens as purified O antigen [20] or inactivated whole cell of
Gram positive bacteria [21].

3.2. Tablets formulation

Granulated and tablets fulfill all traditional control param-
eters of wide use in the tablets production technology such as:
flow speed, repose angle, distribution of particle size, medium
diameter, porosity and others one.

The obtained granulated (Table 1) showed good fluid char-
acteristics by Carr index values classified as excellent for
values between 5 and 15%. A homogeneous distribution was
achieved of particle size and that influences in the solubility
and therefore in the product absorption and its therapeutical
effect.

Densities show values inside established limit, that permit
an efficient full of dies during the compression process. In
general, all parameters show acceptable values for granulates.

In the other hand, the compression process was carried
out adequately and tablets with good mechanical properties
(weight, thickness, hardness, friability and disintegration)
were obtained (Table 2).

In the evaluated properties, for this formulation, low vari-
ability in the measured parameters was appreciated and there
was reproducibility in the results. These allow a dependabil-
ity index, due to in all cases values in the specification ranges
were observed.

3.3. Antigenicity of tablets

The antigenicity studies of tablets (Fig. 3) showed a high
level of inhibition when the tablet suspension was utilized in
the competence ELISA against monoclonal antibody (anti-
LPS), with similar values to those obtained when the live
cells, the inactivated cells or the LPS Ogawa were used. No
inhibition was observed in the case involving the LPS O139.
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Table 1
Technological characteristics of granulates used in the compression process for vaccine tablets
Parameter Lot 1 Lot2 Lot3 Medium Limit
Apparent density (g/cm?) 0.57 0.57 0.54 0.56 0.4-0.7
Tapped density (g/cm?) 0.64 0.61 0.62 0.62 0.4-0.7
Flow speed (g/segcmz) 24.12 20.28 27.1 23.83 >7
Repose angle (°) 25 31.9 31.8 29.57 <30
Powder medium diameter (p.m) 336.44 392.7 283.2 337.45 -
Powder. fine dust (%) 7.60 16.00 14.10 12.57 -
Residual humidity (%) 1.42 0.94 0.88 1.08 0.8-1.4
Real density (g/cm?) 1.4 1.5 1.5 1.47 >1
Index Carr (%) 10.90 6.55 12.90 10.12 5-15
Index Hausner (%) 1.12 1.07 1.09 1.09 <1.25
Porosity 59.20 62.00 62.00 61.07 <60
This demonstrates that the LPS antigenic activity of the inac- Table 2
tivated cells remained unaltered in the final tablet formulation Mechanical properties of obtaining tablets
(up to dilution 1:3125) after the technological process. Parameters Lot1(S.D.) Lot2 (S.D.) Lot3 (S.D.)

Weight (mg) 708.72 (13.97)  704.03(9.46)  710.07 (11.45)
3.4. Immunogenicity of tablets Thickness (mm) 5.63 (0.24) 5.61(0.28) 5.39 (0.14)
Hardness (kg FM) 5.68 (0.73) 5.74(0.73) 7.16 (2.18)
Protecti . it inst chol . 11 id Friability (%) 0.14 0.15 0.15
rotective immunity against cholera 1s generally consid- Desintegration time 10 10 13

ered as being strictly antibody mediated. Antibodies against
cholera toxin (which causes the characteristic diarrhoea) are
believed to have minimal contribution to protection. The best
assessment of protection against cholera is the presence of
antibacterial serum vibriocidal antibodies, after mucosal vac-
cine administration, the latter are believed to correlate with
intestinal s-IgA associated with protection by preventing the
adherence [22].

No single animal model can readily reproduce all the
aspects of human disease [23]. However, several of them have
been used to evaluate genetically attenuated strains virulence
and colonizing capability [24]. One of them is the intraduode-
nal inoculation model to evaluate the immunogenicity. This

1,4

(min)

S.D.: standard deviation for 20 tablets tested for each batch.

model is easy to use and these inoculations are capable of
stimulating an immune response without to need the neu-
tralization of gastric acid. Despite the fact that this method
does not reproduce natural human mechanisms, it is of elec-
tion in order to know if the products or samples themselves
are capable to induce an immune response without gastric
interference [16].

The results of immunogenicity evaluation of tablets using
adult rabbit intraduodenal inoculation model are presented in

1,21

1,04

0,8

0,64

0,4 1

Optical Density (492 nm)

0,24
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—
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Fig. 3. Determining the antigenicity of the lipopolysaccharide (LPS) of Vibrio cholerae in the final tablet formula by ELISA monoclonal antibody anti-LPS
inhibition test. Purified LPS were diluted 1:2 from 120 to 0.12 pg/mL. Bacterial suspensions were serial diluted 1:5 from 7 mg/mL dry weight. Tablets were
suspended by gently agitation in PBS, the supernatants were centrifuged and the final pellets were dissolved in 400 nL of PBS and serial diluted 1:5. All samples

were incubated with anti-LPS Ogawa monoclonal antibodies.
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Fig. 4. Titters anti-lipopolysaccharide V. cholerae O1, Ogawa, detected by ELISA in serum of rabbits intraduodenal inoculated with inactivated cells or with
the tablet vaccine. Five animals received vaccine inoculum from each one of five tablets batches, five rabbits received inactivated cultures of C7258 strain
and three were used as negative control and received phosphate-buffered saline, PBS, instead dispersed tablet. Suspensions containing the tablet formulation,
and inactivated cells of V. cholerae El Tor Ogawa C7258 strain, were prepared as we described in the text before and used as inoculums. The serums of each
rabbit were processed by ELISA IgG against purified LPS-Ogawa. The antibody titter was considered to be the interpolated dilution of the sample giving an
absorbance value of 0.4 above background. It is showed as geometric mean of Log 1/titter.

Figs. 4 and 5. Two doses were applied by the same surgical
procedure and seven serum samples were taken from inoc-
ulation day up to 42 days later. Serum vibriocidal titter and
ELISA IgG anti-Ogawa LPS antibodies were measured. For
both methods there was arapid titter increase in the first 7 days
and the values remained high during the rest of the study. No
significant differences between active compound and tablets
immunogenicity were found. There was not an increase of
immune response after second dose (14 days after the first
one) by any of two methods. In challenge studies in volun-
teers inoculated orally with attenuated strain of V. cholerae, a
booster response in vaccines after the virulent strain inocula-
tion, have not been clearly identified, may be due to immune
response evoked by vaccine inoculation [22,24]. On the other
hand, for orally administered inactivated cholera vaccines, at
least two doses are recommended [6,9,28]. We have not pre-
vious report of the application of this animal model for more
than one dose.

Log Geometric Mean Titter (GMT)
n

Previously we have published the use of intraduodenal
inoculation model to evaluate the immunogenicity of atten-
uated V. cholerae as compare with its parental ones [16].
Specifically the vaccine candidate strain 638 (V. cholerae O1
El Tor Ogawa ACTXd, hap::celA) attenuated strain showed
a very similar antibodies titters and response kinetic than
results presented in this paper. In 14 days serum sample vib-
riocidal titter and ELISA (IgG) geometric mean titter were
3.2 and 3, respectively, meanwhile this same figures in the
firs report were 3.0 and 2.17. The immunogenicity evaluation
of 638 strains was the last preclinical study prior conduction
healthy volunteers reactogenicity, immunogenicity and pro-
tective capacity trials. After that, in several controlled clinical
trials, this strain demonstrates that in one single dose, it is well
tolerated, immunogenic and able to afford 1 month protection
(period of time evaluated in challenge trials) [12,25].

Some of cholera vaccines are applied with protection to
gastric barrier, mainly the attenuated vaccine [26] and one of

0 7 14

21 28 35 42
days

H Inactivated cells @ Formulation

Fig. 5. Serum vibriocidal titters of rabbits intraduodenal inoculated with inactivated cells or with the tablet. The samples and animals inoculated are the same
as described in Fig. 4. The vibriocidal tests were done in a microassay with V. cholerae Ogawa serotype VC12 strains as reference and human complement.
Vibriocidal titter was calculated as the highest dilution of serum causing complete inhibition of VC12 strain growth and it is showed as geometric mean

Log 1/titter.
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whole cell inactivated vaccine with B-subunit cholera toxin
(BS-WC) [27]. In the first ones type, it is necessary to achieve
bacterial viability in the intestine and in the second one, to
maintain the immunological activity of recombinant cholera
toxin. However, particularly, the whole cell inactivated vac-
cine (WC) developed in Viet Nam was safe and immunogenic
and showed similar results when it was administrated with or
without buffer for protection against gastric acid [28] and in
general the inactivated whole cell vaccine may not require
a buffer for delivery [29]. In this way, our vaccine formu-
lated in tablet is a WC without BS, in this sense; it would be
possible that it would not need gastric protection for appli-
cation, nevertheless, it will be necessary evaluate in clinical
trail.

In general, as our results shown, the lipopolysaccha-
ride antigenicity of the inactivated cells was not affected
by the presence of different excipients, the capability to
obtain tablets by standard technology using inactivated V.
cholerae suspension as active compound, the antigenicity
and the immunogenicity (in terms of ELISA IgG and vib-
riocidal test) in animal model of LPS of the inactivated cells
are present in the final tablet formulation, we concluded
that the tablet formulation could be a useful pharmaceuti-
cal form in order to produce whole cell inactivated vaccine
against cholera, and recommend preclinical and stability
studies and clinical trail including enteric coating necessity
studies.
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