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Abstract: The present study aimed to prepare an mactivated Sabin derived Polio Vaccine (sPV), using different
inactivating agents [beta-propiolactone(BPL), ascorbic acid (AA) and ultraviolet light (17.V)] as substitute to
formaldehyde for safe and effective immumzation against poliomyelitis. Monitoring of mnactivation kinetics
using Vero cell line indicated that BPL showed the hughest response as it was capable of mactivating viruses
in 40 minutes at 37°C, while, other inactivants require 55 hr (AA) and 80 hr (U.V) for the same degree of
mactivation under the same conditions without critical loss 1 antigenicity. Swiss mice was used to evaluate
nanoparticulate adjuvant composed of calcium phosphate (CAP) compared to the commonly used aluminum
phosphate (ALUM) adjuvants for its ability to stimulate immunoregulatory responses and related
histopathological changes. Results indicated that CAP was more potent as an adjuvant, in addition it elicited
little tissue inflammations which ceased completely by the 4" week, while inflammaticns accompanied to the
use of Alum persisted for 8 weeks. A markedly higher degree of antigemicity was demonstrated with beta-

propiolactone-inactivated CAP adsorbed polio virus vaccine than other vaccine candidates.
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INTRODUCTION

Poliovirus, the causative agent of poliomyelitis, is a
human enterovirus and member of family Picornaviridae
[1]. The first inactivated virus vaccine was developed in
1952 by Jonas Salk, prepared by formalin inactivation of
three Polio wvirulent strains, Mahoney or Brunenders
(PV1),MEF-1/Lansing (PV2),and Saukett/T.eon (PV3)
grown m Vero cell line Subsequently, Albert Sabin
developed another attenuated strains of the three
serotypes which introduces mutations in the viral internal
ribosome entry site (IRES) and hinders the ability of the
virus to infect nervous system tissue [2]. Tt became
obvious that the emergence of large populations of
unvaccinated individuals following oral polio vaccine
(OPV) cessation could risk re-starting a global polio
pandemic caused by either vaccine derived polio
virus(VDPV), wild-type polioviruses, or recombinant DNA
virus [3], The possibility of using live-attenuated strains
for the productionof inactivated poliovirus vaccines (IPV)

seems like an ideal option in the context of the current
effort for the global eradication of wild polio [4]. An
adjuvant is an agent that may stimulate the immune
system and increase the response to a vaccine, without
having any specific antigenic effect itself, some of which
are inorganic such as ALTUM that carry the potential to
augment immunogemcity [5]. A CAP nanoparticle ranging
from 1.0 to 1000 nm was documented to produce strong T-
helper (Thl  T-cell) mucosal
immunoglobulin-A(IgA) IgE
response, in strong contrast to aluminum adjuvants which

assoclated  and
mmumity and lower
generally trigger production of IgE antibody and produce
local irritation at the site of injection in animal experiments
and human climcal trials [6].

The present study aimed to prepare a vaccine consist
of nactivated Sabin polio serotypes (3PV) using different
inactivants also evaluation CAP / Alum adjuvated polio
vaccine candidates concerning immune potential
relatively to the route of admimstration and related

histopathological changes.
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MATERIALS AND METHODS

Vero Cells and Polio Virus Subtypes: Vero cells and live
attenuated polio virus serotypes (1, 2 and 3) were kindly
supplied from Cell Culture Department and Regional
Laboratory for Enteric Viuses' Diagnosis Center,
VACSERA-Egypt.  Growth Medum (M-199) was
decanted from 175ecm SA tissue culture flasks (NUNC,
Roskilde, Denmark) contamming confluent monolayers
of Vero Cells (ATCC-CCL-81) of cell concentration
("150x10%cell/ml), 5ml of M-199 (GIBICO) containing 5%
fetal calf serum (FCS)were added, infected with sPV
serotypes as 1:100 final dilution for one hour at 37°C with
periodic shaking to allow virus attachment, the remaining
volume was removed and 60 ml of (MEM with 1% FCS
was inoculated and incubated at 37°C i CO, incubator
(jouan-france) and were daily observed for detection of
cytological damage/cytopathic effect (CPE). Bottles
showing 90% CPE were subjected to three cycles of
Freezing and thawing to gather cell free and cell
assoclated polio viruses; extracted harvest were filtered
using 0.22um membrane filter (Millipore-TUSA) [7] polio
virus serotypes were titrated using 96 well tissue culture
well plates, virus infectivity titer were calculated
according to Reed and Munech [8].

Inactivation of sPV Using Chemical Inactivants: sPV
serotypes were subjected to 0.0035M BPL, 0.5M AA
catalyzed with 0.1M Copper sulphate) (sigma-Aldrich) and
UV light, where sPV serotypes were individually
dispensed 1n glass dishes supplied with magnetic stirrer,
kept on ice bath to avoid external heat effect and
subjected to UV lamp of wave length (7mm and 2.84
W/cm?). Inactivated sPV serotypes were collected, 10 fold
serially diluted 107'-10°® for determinaticn of residual live
virus titer. Growth medium was discarded, dispensed as
0.1 ml of each dilution in 6 wells of 96-well plates
(Dynatech,UUSA), (including negative control), sealed and
kept at 37°C in CO, incubator (Jouan-france) with daily
microscopic recording of the infectivity titer depletion / hr
according to Reed and Muench [8].

Vaccine Formulation: Suspension of non adsorbed
inactivated sPV serotypes were mixed to contain 10° log
anP1.10°log 4, P2 and 10°¥ log ,, P3.

Preparation of Adjuvant

Calcium Phosphate Nanoparticle Adjuvant: Solution A
was prepared at room temperature by the rapid dissolution
of18.36 g Na,HPO,-12H,0; 12.5g NaOH; 7.5 g NaHCQ in
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325 ml of distilled water. Solution B was prepared at room
temperature by rapid dissolution of 10.75 g Ca (NO,),
4H,0O in 125 ml of distilled water, both solutions were
stenilized. Vaccmal candidates were homogemzed m a 0.07
M dibasic sodium phosphate sterile solution. The Vaccine
suspension was mixed with solution A prior to mixing to
solution B. The precipitate of gel-like amorphous calcium
phosphate thus formed was aggitated for approximately
30 seconds. PH determined to be 13.5 [9].

Aluminum Phosphate (Alum) Adjuvant: 0.63 M of
AlCL,.6H,0 and 0.3 M of Na,PO,.12H,0 were individually
dissolved in 40 ml distilled water, filtered using 0.22 um
millipore, stirred continuously during at 40 to 60 rpm. 0.3
M Na,P0,.12H,0 solution was added to a mixing bottle
followed by 300 ml sterile distilled water, the vaccine
suspension was added followed by addition of 0.63 M
AlCL,.6H,0 solution to the mixing bottle. During which,
pH was mamtained between 6.5-6.8. Adjust to the final
volume one liter with sterile distilled water and Mixed for
2 hr at 37 °C [10].

Scanning of Adjuvant Particle Size and Morphology:
TEOL-TEM-1230 Transmission electron microscope (TEM)
was used for verification particle size and morphological
feature of prepared Alum and CAP adjuvants.

Toxicity of Adjuvants: 20 g male Swiss mice groups were
kindly supplied from Helwan Ammal House-VACSERA-
Egypt. Webster Mice were fed on pelted chow, Mice used
in the present study according to the Amimal Care and
Use Committee (ACUC). Prepared CAP and Alum (1.2 mg
CAP nanoparticles and 1.32 mg aluminum phosphates gel)
and Normal saline (negative control was included) were
administered to three separate groups (10 mice/group) as
0.5 ml intraperitonealy. Following 14-day observation,
tissue (liver, kidney and spleen) biopsies were dissected
at 24, 72 hand 1, 4 and 8 weeks post immunization, fixed
i 10% neutral-buffered formalin, embedded in paraffin,
sectioned at 5 gm and stained with hematoxylin and eosin
for evaluation of hustopathological changes [7].

Immunization of Mice: BPL, AA and UV light inactivated
sPV serotypes either CAP/ATLUM adsorbed or non
adsorbed vaccinal batches were used to immunize
experimental animal 19groups (10 each/ cage) adsorbed
vaccines were administered both S.C and T.M in the Right
and Left thighsas (0.25 ml / mouse). Formalin inactivated
standard vaccine (IMOVAX POLIO) was included as a
positive control group. Blood samples were collected from
retro orbital sinus at 2 week mtervals. Sera samples were
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separated by cold centrifugation (K 42 Jouan-France) for
evaluation of Optical densities (OD) representing to
antibody level (Ab) using sandwich ELISA. where sPV
serotypes were used to coat ELISA plate in 1 M
Carbonate-bicarbonate buffer pH 9.6 individually as 1/100
final dilution. Plates were incubated at room temperature
for 18 hrs. Plates were blocked with 4% BSA (Sigma
Aldrich) for 1 hr at 37°C, Blocking buffer was decanted
and plates washed 3 times (PBS-Tween-20). 1/50 diluted
sera samples werel log , diluted. Sera samples were
dispensed in the reciprocal wells and plates were
incubated for lhr and anti-mouse conjugate (Sigma-
Aldrich-USA) labeled with peroxidase enzyme used as
1/1000 final dilution. Plates were incubated for an hour at
37°C. reacting materials were washed as previous and
substrate was dispensed as 0.1 ml / well and plates kept in
the dark for 10 minutes.

Reaction was stopped using 2 N HCI (Sigma Aldrich-
USA) OD was measured using ELISA reader (Dynatech-
MRX) at wave length 450 nm [11,12].

Statistical Analysis: Data were analyzed for statistical
significance by a one-way analysis of variance
(ANOVA).A P value of <0.05 was considered significant
in all parameters.

RESULTS

Toxicity of Chemicals Inactivates: Ascorbic acid
(1.5 mg/ ml), 0.0035M Beta-propiolactone was
tested for toxicity in mice. It was clear that both
and Beta-propiolactone  were
no mortality detected

ascorbic  acid
completely safe to mice as

7 days post injection.
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culture
Fig. C:
Fig. D:
double Membrane wall. The bar represents 0.2 um.
Fig. E:
80 nm. The bar represents 0.5 um
Fig. F:

bar represents 1pm.

Evaluation the inactivation Kinetics of poliovirus Post treatment with ascorbic acid using.5 mg/ml Final
Evaluation the inactivation kinetics of polio Virus post treatment with 0.0035 M Beta-propiolactone in cell

Evaluation the inactivation kinetics of polio virus post treatment with ultra-violet radiation in cell culture.
Showing transmission electrophotomicrograph of nanoparticle Calcium phosphate adjuvant exhibiting spherical

Showing transmission electron photomicrograph of nanoparticle Calcium phosphate adjuvant of particle size™

Showing transmission electron photomicrograph of aluminum Phosphate adjuvant of particle size ~ 208 nm. The
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Liver section of mice treated with aluminum phosphate adjuvant (24 hr) showing portal infiltration with
leukocytes (H and E x 200).

Liver section of mice treated with aluminum phosphate adjuvant (72 hr) showing focal area of hepatic necrosis
replaced by leucocytic cells infiltration (H and E x 200).

Liver of mice treated with aluminum phosphate adjuvant (1 week) showing massive leucocytic cells infiltration
in the portal triad (H and E x 200).

Liver of mice treated with aluminum phosphate adjuvant (4 weeks) showing recent thrombus as well as portal
infiltration with leucocytic inflammatory cells (H and E x 200).

Liver of mice treated with aluminum phosphate adjuvant (8 weeks) showing small focal hepatic necrosis
associated with leucocytic cells infiltration (H and E x 200).

Kidney of mice treated with aluminum phosphate adjuvant (24 hr) showing congestion of renal blood vessels
associated with focal leucocytic cells aggregation (H and E x 200).

Kidney of mice treated with aluminum phosphate adjuvant (72 hr) showing focal area of tubular necrosis
completely replaced by leucocytic cells infiltration (H and E x 200).

Kidney of mice treated with aluminum phosphate adjuvant (1 week) showing thickening of the partial layer of
Bowman's capsule (H and E x 200).

Kidney of mice treated with aluminum phosphate adjuvant (4 weeks) showing vaculation of epithelial lining
renal tubules together with pylenosis of their nuclei (H and E x 200).

: Kidney of mice treated with aluminum phosphate adjuvant (8 weeks) showing cellular cast in the lumen of some

renal tubules (H and E x 200).

: Spleen of mice treated with aluminum phosphate adjuvant showing lymphocytic depletion associated with

appearance of multiple megakaryocytes (H and E x 200).

: Spleen of mice treated with aluminum phosphate adjuvant (4 weeks) showing lymphocytic depletion associated

with appearance of multiple megakaryocytes (H and E x 200).

: Spleen of mice treated with aluminum phosphate adjuvant (8 weeks) showing lymphocytic necrosis and

depletion (H and E x 200).
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Liver of mice treated with calcium phosphate nanoparticle adjuvant (24 hr) showing degeneration of
hepatocytes (H and E x 200).

Liver of mice treated with calcium phosphate nanoparticle adjuvant (72 hr) showing multiple small focal areas
of hepatic necrosis associated with leucocytic cells infiltration (H and E x 200).

Liver of mice treated with calcium phosphate nanoparticle adjuvant (1 week) showing small vacuoles in the
cytoplasm of some hepatocytes (H and E x 200).

Liver of mice treated with calcium phosphate nanoparticle adjuvant (4 weeks) showing kupffer cells
activation. (H and E x 200).

Kidney of mice treated with calcium phosphate nanoparticle adjuvant (24 hr) showing congestion of
intertubular blood capillaries (H and E x 200).

Kidney of mice treated with calcium phosphate nanoparticle adjuvant (72 hr) showing focal renal
hemorrhage. (H and E x 200).

Kidney of mice treated with calcium phosphate nanoparticle adjuvant (1week and 4 weeks) showing apparent
normal renal parenchyma (H and E x 200).

Spleen of mice treated with calcium phosphate nanoparticle adjuvant (24 hr and 72 hr) showing no
histopathological changes (H and E x 200).

Spleen of mice treated with calcium phosphate nanoparticle adjuvant (1 week and 4 weeks) showing no
histopathological changes (H and E x 200).

Inactivation of Polio Virus Using Chemical Inactivates: treatment revealed that polio virus serotypes were
Polio virus stock prepared as three separate aliquots each completely inactivated using AA 54 hrs post treatment
sPV serotype was grown individually on Vero cell recording a mean depletion of virus infectivity titer for
line(clone,CCL-81) and inactivated either with 0.0035M P-1,P-2 and P-3 in the order of 0.42,0.273 and 0.267 log
BPL, AA (1.5mg / ml) and U.V. Data recorded post (10)/hr TCIDy,, respectively Figure (A), In the meanwhile
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Fig. 23:
using ELISA
polio virus serotypes inactivated in shorter time
40 minutes BPL treatment recording a mean
depletion of virus infectivity titer for P-1,P-2 and P-3
in the order of 0.547,0.273 and 0.505log (10)/ hr
TCID;, (B).Finally ultraviolet
radiation (U.V) showed the longest time whereas no
virus detected 80hrs post
mean depletion of virus infectivity titer for P-1, P-2
and P-3 in the order of 0.368,0.522 and 0.49 log (10)/ hr
TCID;, respectively as shown in Figure (C). Prepared
adjuvants using
electron microscope. Figure (D) and Figure (E) Showed
photomicrograph of calcium phosphate Nanocapsule
adjuvant which exhibits spherical double membrane wall

respectively  Figure

treatment recording a

were  monitored transmission

structure having particle size ©~ 80 nm, Vaccine is
entrapped in the core and adsorbed onto the exterior.
While aluminum phosphate adjuvant revealed spherical
particles having particle size ©~ 208 nm as seen in

Figure (F).

DISCUSSION

Poliovirus, the causative agent of poliomyelitis, is
a human enterovirus and member of the family of
Picornaviridae [13]. Researchers developed two polio
vaccines inactivated (IPV) and live attenuated (OPV)
grown from monkey kidneys
[14],Because OPV is inexpensive, easy to administer, and
produces excellent immunity in the intestine (which helps
prevent infection with wild virus in areas where it is
endemic), it has been the vaccine of choice for controlling
in many countries[15],Until the first
discovery of circulating vaccine-derived polioviruses
(cVDPV) occurred in 2000 during investigation of a polio
outbreak in the Dominican Republic and Haiti that was

in cultures made

poliomyelitis
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Evaluation of antibody level post vaccination with CAP/Alum adsorbed or non adsorbed sPV serotypes

caused by a recombinant between a derivative of Sabin 1
strain and an unidentified enterovirus [16]. However,
ensuring containment of wild-type polioviruses, from
which the current IPV is made, raises major concerns.
Thus, development of IPV from non-pathogenic strains
becomes a top priority, it would cost less, increase
efficacy, and alleviate biosecurity concerns [17], However,
the antigenic properties and immunogenicity of sIPV
appear different from conventional IPV [18], because the
protective antigens of Sabin viruses are significantly less
stable upon treatment with formaldehyde [19, 20].There
are four possible solutions to the problem of lower
immunogenicity of Sabin IPV. First would be to increase
antigen content to the level that would ensure adequate
seroconversion. However, this would require growing
greater quantities of virus, which would work against cost
reduction; a second approach might be to stimulate
immunogenicity with adjuvants. A third solution could be
to explore use of alternative inactivating agents [21] that
do not damage antigens as much as formaldehyde, For
example BPL used in making rabies vaccine, can rapidly
inactivate poliovirus without damaging its protective
antigens [22]. Finally, the fourth solution would be to
make IPV from strains that have an antigenic structure
identical to the currently used by Partial disruption within
the 5'-non-coding region of polio RNA which is one of the
important determinants of neurovirulence of poliovirus by
substitution by weaker base pairs [23].

In the present study vaccine candidates were
inactivated using different inactivating agents (AA, BPL
and U.V), whereas Ascorbic acid is a water soluble and
pre-eminent scavenger of oxygen radicals that undergoing
auto oxidation catalyzed by cupric ions to inactivate
vaccinial viruses [24]. Ascorbate enhances several
functions of the immune system as the production of
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interferon, which helps prevent cells from being infected
by a virus [25].1.5 mg/ml final concentration AA catalyzed
by cupric 1ons, was momtored and data revealed complete
mactivation of polio virus within 54 hrs recording a
depletion of virus infectivity titer of P1, P2&P3 in the
order of (0.42 log (10)/ hr TCTD,,, 0.273 log (10)/hr TCID, ,
0.2675 log (10} hr TCID,,;) ,However, Ascorbic acid used
at pH 5, could not inactivate sPV due to  deproteimzation
of medium proteins as NaOh was used for pH adjustment.
The presented data were considered with many
studies carried out by Breindl [26] who stated that the
mactivation of Po-1 was greater at pH 5.0 than at pH 7.0 in
the presence of 11.2 mM ascorbic acid, At pH 7.0 there
was a greater loss of infectivity of Po-1 in 11.2 mM than in
4.5 mM ascorbic acid that mean the mactivation was Ph
and Concentration dependent .

Beta-propiolactone is a monoalkylating agent widely
used for inactivation of viruses in the preparation of
many vaccines which can conveniently be removed by
heating, to cause hydrolysis into the non-toxic beta.-
hydroxypropionic acid. it causes structural modification
by allcylation and depurination of nuclic acid and is
capable of mactivating viruses n 10-15 mimutes at 37 C
whereas formalin and phenol require days for the same
degree of inactivation under parallel conditions, a
significantly higher degree of antigenicity is demonstrated
with BPL -mactivated virus vaccines than with formalin-
and phenol-mactivated virus vaccines [27].The
inactivation efficacy of 0.0035M BPL revealed that BPL
could inactivated sPV serotypes within 40 minutes
recording a depletion of virus infectivity titer of P1, P2&P3
in the order of (0.54 log (10)/ hr TCID.,, 0.273log (10)/ hr
TCIDsg, 0.505 log (10) hr TCID,,) In study using BPL for
inactivation of polio serotypes, D-antigen recoveries
found to be lugh (88, 88 and 60%, respectively) but were
significantly less when formalin was used (22, 15 and
23%). beta-Propiolactone inactivated virus was purified,
combined with Freund's adjuvant and used to hyper
immunized rabbits. High titers (50 000-200 000) of specific
neutralizing antibody were obtamed [22].

UV inactivates viruses by altering their genome or
capsid, In both DNA and RNA viruses [28], At 254 nm,
loss of viral infectivity could thus be associated with
formation of photoproducts and could affect protein
integrity or conformation by breaking disulfur (3-S) bonds
or creating cross-links between proteins and the genome
[29] Finally, Polio virus serotypes were exposed to U.V of
Wavelength 253.7 nm, 13.4 W, 0.355A &2.84W/cm’, data
revealed that UV inactivated polio virus showing
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complete inactivation within 80 hr. recording a depletion
of virus infectivity titer of P1, P2&P3 in the order of (0.368
log (10)/ hr TCIDy,, 0.522 log (10)/ hr TCID;,, 0.451log (10)/
hr TCID,,) .Several studies were conducted on the
inactivation effect of ultraviolet on polio virus which
states that the UV dose to inactivate 90% of PFU
(llogof mactivation) of PV/malliliter 1s about 0.96
mW.s/cm’ (9.6 I/m?) in clear suspending medium [30]. A
study concerning exposure of poliovirus type 1 (PV-1) to
UV indicated that viral RNA is a primary target of UV and
hypochlorite mactivation and that the sole target of
thermal inactivation is the viral capsid [31].

Concerning the adjuvants used in the present study
(CAP, ALUM) results revealed that tissue reactions
caused by mjection of a CAP adjuvant completely ceased
by the 4th week, while irritation caused by ALUM
persisted for 8 weels This study agreed with Goto et al.
[32]. Qing He also reported that CAP adjuvant, in
comparison with alum adjuvant, mduced a lower level of
IgE, decreased the level of local writation mn experiments
with amimals, and caused fewer variations i human
clinical trials [33, 34]. Toxicity and animal studies
confirmedthat only minor nflammation occurred at the
iyjection sites in guinea pigs during the first 2 weeks and
that CAP did not elicit IgE responses. Moreover they
found that the most important consideration is that CAP
nanoparticles enhance the immune response to viral
antigens. Data strongly suggest that CAP nanoparticles
significantly enhance the antibody response to Herpes
simplex virus H3V-2 antigen, which is normally poorly
immunogenic.  The level of protection against an
intravaginal HSV-2 infection after immunization with
different HSV-2 vaccine formulations was compared and
total of 40% of non immunized mice survived a low-dose
(10°-PFU) challenge. In contrast, 100% protection was
observed m the group of mice mmumzed with HSV-2
proteing containing adjuvants. The group of mice treated
with HSV-2 plus CAP or HSV-2 plus alum showed
comparable neutralizing antibody titers that may have
protected the animals from low-dose infection. Particularly
high TgG2a titers were observed in the mice immunized
with HSV-2 and EBV proteins containing CAP adjuvant
but not mmice immumzed with HSV-2 and EBV proteins
with alum adjuvant or without adjuvants [34].

Tt was concluded that the total antibody response of
I.M followed by 5.C administered-BPL inactivated-CAP
adsorbed sPV seems equivalent to the reference vaccine
IMOVAX POLIO also showing highest immune response
recording4.253&4.026 respectively. Regarding inactivation
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kinetics of sPV serotypes was faster in case of BPL
followed by AA and finally 11V, recording 40 minutes, 54

hrs&80hrs  respectively,

The presence of adjuvant

showed marked increase in antibody level meanwhile the

presence of calcium phosphate nanoparticle in vaccine

models showed better immune response followed by

ALUM where none adsorbed vaccines showed the lowest

antibody level.

10.
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