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ABSTRACT

The DTacP-sIPV-Hib combination vaccine can replace the single-component acellular pertussis,
diphtheria, tetanus, polio, and Haemophilus influenzae type B vaccines. In this study, we evaluated the
safety and immunogenicity of a newly developed DTacP-sIPV-Hib combination vaccine in animal models.
We used 40 mice and 46 cynomolgus monkeys to evaluate acute and long-term toxicity. Thirty-six guinea
pigs were used for sensitization assessment. For immunogenicity assessment, 50 NIH mice and 50 rats
were equally randomized to receive 3 doses of 3 different batches of the tested vaccine at an interval of 21
d, or physiological saline solution (0.5 mL). Orbital blood was collected at an interval of 21 d post
inoculation to detect related antibody titers or neutralizing antibody titers against poliovirus. Gross
autopsy and histopathological examination revealed no abnormal toxicity or irritation in mice and
cynomolgus monkeys. Sensitization assessment in guinea pigs indicated the lack of evident allergic
symptoms in the high- and low-dose vaccine groups within 30 min after repeated stimulation. The DTacP-
sIPV-Hib combination vaccine induced significant immune responses in mice, rats, and cynomolgus
monkeys, with 100% seroconversion rates after 3 doses. The DTacP-sIPV-Hib combination vaccine is
safe and immunogenic in animal models. Three doses of the vaccine elicited satisfactory antibody
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responses in mice, rats, and cynomolgus monkeys.

Introduction

Infectious diseases, such as diphtheria, pertussis, tetanus,
Haemophilus influenzae type B, and poliomyelitis, pose serious
health hazards to children. Vaccination is by far the most
effective way to prevent these diseases. Pediatric combination
vaccines have improved the vaccine coverage rates and time-
liness of vaccination, which is important for maintaining the
low prevalence of these childhood diseases.' > Pentavalent and
hexavalent vaccines derived from a diphtheria (D)-tetanus (T)-
acellular pertussis (aP) backbone have been widely used world-
wide with great success, and they are increasingly becoming the
standard of pediatric prevention.*> Combining multiple anti-
gens in a single vaccination can help allay concerns about the
number of doses given in a crowded pediatric vaccination
schedule. Consequently, combined vaccines have contributed
to improved vaccination compliance, coverage rates, and
reduced disease prevalence.®™”

In the United States, vaccinations against 12 infectious
agents are currently recommended, which requires about 24
injections by 18 months of age. As a result, the Advisory
Committee on Immunization Practices (ACIP) recommends
the use of combination vaccines whenever possible.'’
Therefore, the World Health Organization has been advocat-
ing combined vaccines to reduce the number of doses,
improve the vaccination rate, and reduce the possibility of
abnormal reactions.'' Accordingly, the United States and
European Union have guided the development and

production of combined vaccines through guidelines,'”
allowing different marketing authorization holders to develop
combined vaccines. Enterprises are allowed to conduct simul-
taneous vaccination trials for exploratory clinical research.
The relevant vaccine legislation of China also states that the
state supports the development of new vaccines, such as
conjugate and multivalent vaccines.'> However, although sin-
gle DTaP-IPV/Hib vaccines combining DTaP-IPV and Hib
are used worldwide, these vaccines are administered sepa-
rately in China. Currently, China does not have a combined
DTaP-IPV-Hib vaccine produced by its own enterprises, and
thus they still need to import them.'* Therefore, based on the
technical guidelines for preclinical and clinical studies of
combined vaccines in China,'” we developed a novel com-
bined DTacP-sIPV-Hib vaccine that differs in the production
process from the combination vaccines available in the mar-
ket and evaluated its safety and immunogenicity in animal
models.

Materials and methods
Ethics statement

All animals involved in this study were housed and cared for in
an Association for the Assessment and Accreditation of
Laboratory Animal Care (AAALAC)-accredited facility. All
experimental procedures were conducted according to
Chinese animal use guidelines and were approved by the
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Institutional Animal Care and Use Committee (IACUC). All
animals were anesthetized using isoflurane.

Animal models

The 4-5-weeks-old male and female mice (18-24 g) (ICR mice)
were obtained from Beijing Vital River Laboratory Animal
Technology Co., Ltd. The 5-8-weeks-old female guinea pigs
(300-450 g) were obtained from China Academy of Food and
Drug Research. The 2-5-years-old male and female cynomol-
gus monkeys (2.56-3.82kg and 2.42-3.07 kg, respectively)
were obtained from Yongfu County Xingui Wildlife Breeding
Co.,Ltd. The NIH mice, female, 10-12 g, were obtained from
SPF (Beijing) Biotechnology Co., Ltd. SPF Wistar rats, male
and female, 175-250 g, were obtained from SPF (Beijing)
Biotechnology Co., Ltd. All animals are bred and maintained
in a specific pathogen-free (SPF) environment. All animals are
fed and watered ad libitum and provided with a 12-hour light/
dark cycle (temperature: 18-28°C, humidity: 40%-70%).

Vaccine preparation

The DTacP-sIPV-Hib vaccine was developed by the Beijing
Institute of Biological Products Company Limited, and con-
tains pertussis toxoid (PT), filamentous hemagglutinin (FHA),
pertactin (PRN), diphtheria toxoid (DT), tetanus toxoid (TT),
inactivated poliomyelitis vaccine (type I, II, and III), and pur-
ified polyribosylribitol phosphate capsular polysaccharide
(PRP) of Haemophilus influenzae type b (Hib) covalently
bound to tetanus protein. The components of pertussis anti-
gens, PT, FHA and PRN stock solutions were extracted from
the culture of Bordetella pertussis and prepared by purification,
detoxification, and aluminum hydroxide adsorption respec-
tively. PT and FHA were purified with 0.05~ 1 M phosphate
buffer, and the chromatographic column was hydroxyapatite.
PRN was purified with 0.05~ 0.1 M sodium chloride in Tris-
HCI buffer, and the chromatographic column was DEAE-
Sepharose FF. PT and FHA were detoxified with glutaralde-
hyde. DT stock solution was extracted from Corynebacterium
diphtheria, purified and detoxified by formaldehyde. TT stock
solution was extracted from Clostridium tetani, detoxified by
formaldehyde, and purified. sIPV stock solution was inocu-
lated with Vero cells from Sabin strains I, II and III, respec-
tively, and then cultured, harvested, concentrated, purified,
and inactivated. Hib stock solution was made of purified
Haemophilus influenzae type b capsular polysaccharide anti-
gen, which is covalently combined with tetanus toxoid protein
through adipic hydrazide (ADH). Hib was purified by ethanol
precipitation. Each component was absorbed with aluminum
hydroxide adjuvant. The final prepared bulk was formulated
and packaged according to the proportion to obtain the
DTacP-sIPV-Hib product, which is an all-liquid dosage form.
Each human dose is 0.5mL, containing 12.5 Lf Diphtheria
toxoid, 3.5 Lf tetanus toxoid, 25 pg pertussis toxoid, 25 ug
Filamentous Hemagglutinin (FHA), 8 ug pertactin (PRN), 15
DU type I Sabin polio Monovalent virus inactivated stock
solution D antigen, 45 DU type II Sabin strain polio mono-
valent virus inactivated stock solution D antigen, 35 DU type
III Sabin strain polio monovalent virus inactivated stock

solution D antigen, 10 pg Haemophilus influenzae type
b capsular polysaccharide antigen, 0.225mg aluminum. We
used four different batches of DTacP-sIPV-Hib vaccine in
these studies. For safety in mice, guinea pigs and monkeys,
the same batch S04 pentavalent vaccine was used. For immu-
nogenicity testing in DTacP, Hib and IPV, we used three
different batches of pentavalent vaccines numbered SO1, S02
and S03. We used control Hib vaccine from Lanzhou Institute
of Biological Products Company Limited (LIBP) and sIPV
vaccine from Beijing Institute of Biological Products
Company Limited (BIBP), both of which are commercially
available vaccines.

Toxicity in mice

A total of 40 ICR mice were used in the toxicity experiment.
Mice were randomly divided into 2 groups (10 mice/sex/
group) and subgrouped according to sex, including a negative
control group (sodium chloride injection) and test vaccine
group (1 dose/mouse). The volume of each intramuscular
injection was 0.5 mL, and the mice were observed for at least
4 h after D1 administration, and then once daily in the morn-
ing or afternoon for 14 consecutive days. The body weight of
animals was measured on D1 (the day before administration),
D8, and D15, and the food intake of animals was determined
on D8 and D15. After the observation period, all animals were
euthanized on D15, followed by gross dissection.

Immune-toxicity in cynomolgus monkeys

In this experiment, 46 cynomolgus monkeys were used.
Monkeys were randomly divided into 5 groups according to
sex: negative control group, adjuvant control group, Hib con-
trol group, low-dose test group, and high-dose test group,
which were administered physiological saline injection (group
1, 2.5 mL, 5/sex), adjuvant control solution (group 2, 2.5 mL, 3/
sex), Hib vaccine control solution (Hib vaccine injection,
group 3, 2.5mL, 5/sex), low-dose combination vaccine
(DTacP-sIPV-Hib vaccine injection, group 4, 0.5mL, 5/sex),
and high-dose combination vaccine (DTacP-sIPV-Hib vaccine
injection, group 5, 2.5 mL, 5/sex), respectively. Except for the
Hib control group, which had 3 monkeys/sex, the other groups
had 5 monkeys/sex. The administration volume of the test
product was 0.5 mL per animal in the low-dose group, whereas
it was 2.5 mL per animal in the other groups. The administra-
tion route was intramuscular. Animals were injected once
every 3 weeks for 12 continuous weeks (5 times in total); that
is, they were administered each injection at D1, D22, D43, D64,
and D85. Animals were clinically evaluated throughout the
duration of the experiment, including measurement of body
weight, body temperature, electrocardiography, ophthalmolo-
gical examination, determination of clinical pathology indices
(blood count, coagulation function, blood biochemistry, and
urinalysis), as well as estimation of T-lymphocyte subsets
(CD3", CD3"CD4", CD3"CD8", and CD3"CD4"/CD3"CD8")
and serum cytokines (TNF-a, IFN-y, IL-2, IL-4, IL-5, and IL-
6). In addition, we determined specific IgG antibodies by
ELISA against TT, DT, PT, FHA, PRN and PRP, and neutraliz-
ing antibodies against poliovirus type I, II and III. The first 3



animals in each group (from each sex) were euthanized 3
d after the administration of the last dose (D88), whereas the
remaining animals were euthanized at the end of the recovery
period (D141, except group 2). All animals were observed for
gross anatomy, the main organs were weighed, visceral body
ratio and visceral brain ratio were calculated, and pathological
examination of various tissues and organs was performed.

Sensitization in guinea pigs

We randomly divided 36 female guinea pigs into 4 groups (9
animals each): negative control group, positive control group,
low-dose test group (0.1x dose/sensitization, 0.2x dose/stimu-
lation), and high-dose test group (1x dose/sensitization,
2x dose/stimulation). The negative control group was admi-
nistered a sodium chloride injection. The positive control
group was administered human serum albumin, with the sen-
sitizing dose being 20 mg per animal and stimulating dose
being 40 mg per animal. The sensitizing doses for the adminis-
tered DTacP-sIPV-Hib combined vaccine were 0.1 and 1 dose/
guinea pig for the low-dose and high-dose groups, respectively,
whereas the stimulation doses for the administered DTacP-
sIPV-Hib combined vaccine were 0.2 and 2 dose/guinea pig
for the low-dose and high-dose groups, respectively. The sen-
sitization dose was administered thrice via intramuscular injec-
tion, once every alternative day. D1, D3, and D5 sensitization.
The stimulating dose was administered via foot intravenous
injection, 14 d after the last sensitization (D19), with the
exception of the first 3 animals in each group and 6 animals
in the high-dose test group that were stimulated 21 d after the
last sensitization (D26).

Vaccine immunogenicity analysis and neutralization
assay

DT, TT, PT, FHA, and PRN immunogenicity analysis and
ELISA assay

NIH mice were used to study the immunogenicity of DT,
TT, PT, FHA, and PRN. A total of 40 NIH mice were
randomly divided into 4 groups, vaccine group (3 batches,
1 group for each batch) and normal saline group, which
received intraperitoneal (i.p.) injections of 1/10 human
doses of vaccine formulations on a 3-dose schedule at 0,
21, and 42 d. Serum samples were collected 21 d after the
administration of each dose and antigen-specific antibodies
were quantified in diluted sera using ELISA.'® The ELISA
method we used was jointly developed by the BIBP/CNBG/
Sinopharm and the National Institutes for Food and Drug
Control. The vaccine homologous antigens (DT, TT, PT,
FHA and PRN) manufactured by BIBP/CNBG/Sinopharm.
Briefly, the purified PT, FHA, PRN, TT, and DT antigens
were added to microtitration plates (Greiner Bio-one,
Germany) and allowed to react overnight at 4°C. The plates
were washed 4 times with a washing buffer (PBS supple-
mented with 0.05% Tween 20). For blocking, 100 pL of
blocking buffer (1% bovine serum albumin in PBS) was
added to each well and reacted for 1 h at 37°C. The remain-
ing solution was completely removed from the plates.
Subsequently, B. pertussis antiserum (mouse) (97/642,
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WHO Reference Reagent, NIBSC) and serum samples
diluted to a specific concentration were added to the
wells, followed by the addition of a pre-prepared KPL per-
oxidase-labeled antibody (Sera Care, USA). The absorbance
of each well was read using a Multiskan FC reader (Thermo
Fisher Scientific) at 450/630 nm. The antibody levels of PT,
FHA and PRN were expressed in IU/mL. DT, TT and Hib
are determined by the cutoff value, and the highest dilution
ratio higher than the cutoff value is judged as the positive
well, and the dilution ratio of the sample corresponding to
the well is the antibody titer of the sample. The geometric
mean value of the antibody titer of each group of serum
samples is calculated, and then the logarithm is calculated
as the antibody titer of the serum DT, TT and Hib.

IPV immunogenicity analysis and neutralization assay

A total of 50 rats were randomly divided into 5 groups (5 male
and 5 female rats per group). The DTacP-sIPV-Hib vaccine
was used in the experimental group (3 batches of vaccine in the
pentavalent vaccine group, 10 rats in each batch), whereas
sabin-IPV (with phenol red) was administered to the control
group, and PBS to the blank control group. All groups were
intramuscularly injected in a 3-dose schedule at 0, 21, and 42
d. Serum samples were collected 21 d after administration of
each dose, and neutralizing antibody titers against the 3 types
of poliovirus were determined using a microneutralization test
according to the method recommended by WHO. Briefly,
a 4-fold dilution series of each serum sample was heated for
30 min at 56°C. The reciprocal of the highest serum dilution
that inhibited 50% of the viral cytopathic effect was considered
as the neutralizing antibody titer against the related poliovirus.
Determination of neutralizing antibody titer in this virus neu-
tralization assay followed the same principle as that used for
a single-antigen vaccine (Sabin strain). Seroconversion was
defined as an increase in antibody titer of the pre- to post-
vaccination values by a factor of at least 4. If rat had an anti-
body titer <1:8 before vaccination, seroconversion was defined
as an antibody titer >1:8 after vaccination.

Hib immunogenicity analysis and ELISA assay

Methods according to the Chinese Pharmacopoeia (Volume III,
2020 edition), NIH mice were used to elucidate the immuno-
genicity of Hib. A total of 50 NIH mice were randomly divided
into 5 groups (3 batches of vaccine in the pentavalent vaccine
group, 10 mice in each batch, the Hib vaccine group and the
0.85% sodium chloride group), which received a subcutaneous
injection of the respective solution on a 3-dose schedule at 0, 14,
and 28 d. Serum samples were collected 14 d after the second or
third immunization and the levels of anti — PRP IgG were
quantified using indirect ELISA. Briefly, the 3 batches of penta-
valent vaccines were diluted with 0.85% sodium chloride solu-
tion to 10 ug Hib polysaccharide per milliliter, 10 NIH mice
weighing 12-14 g were subcutaneously injected with each batch
of vaccine (0.25 mL per mouse, contains 2.5 pg Hib polysacchar-
ide). Ten NIH mice of the same batch were taken as negative
control and injected with 0.85% sodium chloride solution.
Another 10 NIH mice of the same batch were taken as positive
control and injected with Hib conjugate vaccine containing 2.5
ug polysaccharide. Blood samples were collected from the retro
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orbital vein on the 21st to 28th day, and anti-Hib IgG antibody
was determined by ELISA. The Cutoff value was calculated from
the absorbance value of serum of mice in the control group with
0.85% sodium chloride solution, and the serum anti-Hib IgG
antibody level of mice in the vaccine group should be higher
than the Cutoff value.

Statistical analysis

Statistical analyses were performed with two-tailed analysis,
and the significance level was set at 0.05 or p <.05. The data
of antibody titers, cytokines, body weight, body temperature,
food intake and other data were statistically analyzed by using
software SAS (9.2) and GraphPad Prism (8.0), and calculate the
mean and standard deviation (mean + s.d.). The male and
female animals were counted separately, and the differences
between the test group and the control group were compared.

Results
Safety in mice

We first performed a single intramuscular injection in ICR
mice to evaluate the acute toxicity of the combined DTacP-
sIPV-Hib vaccine. In this experiment, we divided 40 mice into
2 groups (n=20, 10/sex) and intramuscularly injected them
with a single dose (0.5mL) of combined DTacP-sIPV-Hib
vaccine or physiological saline (control). After inoculation, we
continuously observed all mice for 14 d and euthanized them
on Day 15 for gross observation and systematic anatomy eva-
luation. We did not observe any deaths, impending deaths, or
apparent clinical signs in either group over the 14 consecutive
days after vaccine inoculation. Moreover, we did not detect any
significant differences in weight or feeding state between the
experimental and control groups (Figure la,b). Additionally,
we did not observe any histopathological changes after eutha-
nasia (not shown). Except for local irritation associated with
the combined vaccine, we did not observe any deaths or appar-
ent systemic toxicity in any of the mice. Conclusively, we found
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that the maximum tolerated dose (MTD) was equal to or
greater than 1 dose per mouse.

Safety in guinea pigs

We subsequently evaluated the potential systemic anaphylaxis
due to the combined DTacP-sIPV-Hib vaccine by performing
intramuscular and intravenous injections in guinea pigs. We
did not find any abnormal reactions during the sensitization
period based on clinical observations and measurements of the
body weights of guinea pigs (Figure 2a). We evaluated the
occurrence and intensity of anaphylaxis based on the systemic
sensitization evaluation criteria released by the Center for Drug
Evaluation of China (Figure 2b)."” In the positive control
group, 3 guinea pigs that were stimulated 14 d after the last
sensitization (D19) were strongly positive for anaphylaxis (3/3
animals were strongly positive). Similarly, the 6 guinea pigs
that were stimulated 21 d after the last sensitization (D26)
exhibited strongly positive to extremely positive allergic reac-
tions (2/6 animals showed strongly positive and 4/6 animals
showed extremely positive reactions). However, we did not
detect any allergic reaction symptoms in the negative control
or low-dose experimental groups on D19 or D26. Additionally,
in the high-dose experimental group, 3 guinea pigs that were
challenged 14 d after the last sensitization (D19) exhibited
weak to strongly positive allergic reactions (1/3 animals
showed weakly positive reactions, whereas 2/3 animals showed
strongly positive reactions). We further performed supplemen-
tal testing on 6 guinea pigs on the same day (D19) after
exclusion of anaphylaxis-like symptoms. Similarly, these ani-
mals showed weak to strongly positive allergic reactions (2/6
animals showed weakly positive reactions, whereas 1/6 and 3/6
animals showed positive and strongly positive reactions,
respectively).

Safety in cynomolgus monkeys

We further evaluated the long-term toxicity of the combined
DTacP-sIPV-Hib vaccine in cynomolgus monkeys. We found
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Figure 1. Safety in mice. (a) Body weight changes of ICR mice between negative control and vaccine groups. (b) Food intakes of ICR mice between negative control and

vaccine groups.
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Figure 2. Safety in guinea pigs. (a) Body weight changes of guinea pigs among negative control, positive control, low-dose vaccine, and high-dose vaccine groups. (b)

Systemic sensitization evaluation criteria.

that during the experiment, the body weight of animals in each
group fluctuated within a small range; however, we did not
detect any significant abnormal changes related to drug admin-
istration. Moreover, we did not observe any statistical differ-
ences in the body weight of animals in each group compared
with the same period and sex in the negative control group
(Figure 3a). After drug administration, the body temperature
of animals in each group fluctuated within a small range;
however, we did not find any significant abnormal changes
related to drug administration (Figure 3b). Additionally, we
did not observe any cases of death, impending death, or sig-
nificant abnormalities in clinical physiological and pathologi-
cal indicators, lymphocyte subgroup distribution (CD3",
CD4", CD8", CD4"/CD8", and CD20%), or levels of cytokines
(tumor necrosis factor alpha [TNF-a], interferon [IFN]-y,
interleukin [IL]-2, IL-4, IL-5, and IL-6) in any of the 5 groups
(Figures 4 and 5). Likewise, we did not observe any abnormal-
ities in the gross anatomical evaluation of euthanized animals
in any of the experimental groups on D88 and D141. We did
not detect any evident systemic toxicity or pathological
changes related to drug administration in any group of ani-
mals; however, we did observe local irritant reactions in the

local muscle tissue of animals in the adjuvant control and low-
dose and high-dose combined vaccine groups, which were
probably attributed to the aluminum adjuvant. In both the low-
dose and high-dose combined vaccine groups, we observed
hyperplasia of the skin epidermis, dermal inflammation, and
subcutaneous abscess at the injection site, as well as an increase
in lymphatic follicles in the inguinal lymph nodes or an
increase in sinus wall tissue cells, in animals (Figure 6a-d).
However, 8 weeks post inoculation, the above changes were
recovered to some extent. The level of no observed adverse
effects was 5 doses/monkey in this trial.

Immunogenicity

We used 4 batches of the prepared DTacP-sIPV-Hib vaccine
and control sIPV vaccine in accordance with the requirements
of the Chinese Pharmacopoeia (Volume III, 2020 edition).

DTacP
The anti-PT, FHA, PRN, DT, and TT antibodies of the penta-
valent vaccine (S01, S02, and S03) after immunization and the
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Figure 3. Safety in cynomolgus monkeys. (a) Body weight changes of cynomolgus monkeys among negative control, positive control, low-dose vaccine, and high-dose
vaccine groups. The monkeys were weighed at days —14, -8, —1, 7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, 84, 88, 91, 98, 105, 112, 119, 126, 133, 140 and 141, respectively.
Values are shown as the mean + SD. (b) The body temperatures of five groups of cynomolgus monkeys were measured at day —11 (11 days before vaccination), day -4 (4
days before vaccination), day 1 (4~6 hours after the first dose), day 2 (the day after the first dose), day 43 (4~6 hours after the third dose), day 85 (4~6 hours after the last
dose), day 86 (the day after the last dose) and day 140 (before the end of the recovery period, except for the group 2), respectively. Values are shown as the mean + SD.

antigen-specific antibody titer showed an upward trend with
the increase in immunization times as indicated by ELISA,
revealing a significant enhancement effect. We specifically
detected that the titers of anti-PT, FHA, PRN, DT, and TT
antibodies in each group were significantly higher after
the second injection compared with those after the first injec-
tion (p <.05) (Figure 7a-e). In addition to the PT antibody, the
titers of anti-FHA and anti-PRN antibodies were significantly
higher after the third injection relative to those after the second
injection (p <.05). However, we did not observe any significant
difference in the titer of anti-PT antibody at the corresponding
immunization times among the groups (Figure 7ab,e). It is

worth noting that the levels of antibody against DT and TT
induced by the third injection of SO1 and S03 were not sig-
nificantly higher than those following the second injection (p
>.05), whereas the levels of antibody against TT induced by the
third injection of S02 were significantly higher than those after
the second injection (p <.05) (Figure 7¢,d).

Hib

The anti-Hib IgG seroconversion rate in all experimental
groups was 100%. In particular, the levels of anti-Hib IgG
antibodies after 3 doses of pentavalent vaccine were higher
than those after 2 doses of the vaccine; however, there was
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Figure 4. Hematological analysis of cynomolgus monkey in all five groups. The percentages of the lymphocyte subsets CD3*, CD3*CD4" (labeled CD4*), CD3*CD8*
(labeled CD8*), and CD3*"CD4*/CD3*CD8" (labeled CD4*/CD8*) were monitored at day —11(11 days before vaccination), day —4 (4 days before vaccination), day 4 (3
days after the first dose), day 88 (3 days after the last dose), and day 141 (8 weeks after the recovery period, except for the group 2). Values are shown as the mean + SD.

no significant difference (p>.05). Additionally, we did not
detect any significant differences in the levels of Hib anti-
bodies between groups immunized with 2 and 3 injections
of the 3 batches of pentavalent vaccines and those immu-
nized with the Hib stock solution (p >.05). Likewise, there
was no significant difference (p>.05) in the levels of Hib
antibodies between groups after 2 and 3 injections of these 3
batches of pentavalent vaccine (S01, S02, and S03)
(Figure 7f).

IPV

Except for the normal saline group, the GMTSs of neutralizing
antibodies against poliovirus types I, II, and III were increased
in each group. In particular, the seropositivity rates were 100%
for the sabin-inactivated poliovirus antigen in both the
DTacP-sIPV-Hib and control sIPV groups. In addition, the
GMT of all experimental groups was increased by more than
6 times after the second injection time compared with that after

the first immunization. Similarly, the GMT of all types of IPV
was increased after the third immunization compared with that
after the second immunization. It is worth noting that the
neutralizing antibodies of all types in the sIPV control group
were slightly higher than those in the DTacP-sIPV-Hib group,
but the difference was not significant (p >.05) (Figure 7g-i and
Tables 1-3).

Discussion

Pertussis, diphtheria, tetanus, poliomyelitis, and H. influenzae
type B are major causes of infant mortality and are included in
the national Expanded Program on Immunization (EPI).
However, immunization against all of these diseases requires
the administration of more than 10 injections. To improve the
timing of multiple inoculation and avoid incorrect or missed
inoculations, the provided liquid vaccine composition could
simultaneously prevent against all of the above-mentioned
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+SD.

infectious diseases. According to such an inoculation proce-
dure, the liquid vaccine composition is injected 4 times
(3 times for basic immunization and 1 time for enhanced
immunization). This greatly reduces the workload of vaccina-
tion and burden on children. In the present study, we

developed a novel combined DTacP-sIPV-Hib vaccine that
differs in its production process from the combined vaccines
available in the market.

Before a new type of vaccine is approved for human
clinical trials, appropriate animal models need to be used
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Figure 6. Histopathological results of male cynomolgus monkeys 81 days (a—d) after administration (3 days after last dose). HE staining. Magnification: 40x. (a) The
negative control group, quadriceps muscles were observed in the injection area. (b) The high-dose combination vaccine (2.5mL) group, quadriceps muscles were
observed in the injection area. (c) The negative control group, inguinal lymph nodes were observed. (d) The high-dose combination vaccine (2.5mL) group, inguinal

lymph nodes were observed.

to support its clinical development and licensing of the
product, and safety information must be provided.'®*° In
our study, comprehensive preclinical safety assessments of
a combined DTacP-sIPV-Hib vaccine, including toxicity,
irritation, and sensitization were conducted in mice, guinea
pigs, and cynomolgus monkeys. We found that the com-
bined DTacP-sIPV-Hib vaccine had good safety profiles in
all tested animals. Although safety evaluation in cynomol-
gus monkeys showed that 3 d after the last dose (D88) and
at the end of the recovery period (D141, except for
group 2), the animals in the low-dose and high-dose experi-
mental groups showed epidermal hyperplasia, dermal
inflammation, increased lymphoid follicles in inguinal
lymph nodes, or increased cells in the sinus wall, these
effects were ameliorated to some extent after 8 weeks post
inoculation. This change did not fully recover, we may
think that either because the dose of antigen we injected
was too high, or because the recovery time of 2 months was
too short and a longer recovery time was needed. In com-
bination with similar clinical trials of vaccines, adverse
reactions such as redness, tenderness and inflammation
were present.

This might have been due to the associated local irritant
reaction caused by the aluminum adjuvant or antigen and did
not affect the overall safety of the vaccine.”' **

In terms of immunogenicity assessment, specific antibo-
dies against pertussis components (PT, FHA, and PRN),
DT, TT, and Hib components were induced after immuni-
zation in 3 batches of prepared pentavalent vaccines. The

levels of antibodies against pertussis components (PT, FHA,
and PRN), DT, and TT were significantly increased with
increasing immunization doses. The levels of antibodies
against FHA and PRN induced by 3 immunization doses
were significantly higher than those induced by 2 doses,
showing an evident enhancement effect. The levels of anti-
bodies against other components, such as PT, DT, and TT,
were also increased after 3 doses of immunization; however,
there was no significant difference compared with that after
2 immunization doses. In this study, we investigated the
immunogenicity of PT, FHA, PRN, DT and TT by intraper-
itoneal injection. Although this route of administration may
be inconsistent with clinical studies, but it can also reflect
the ability of the vaccine to induce antibody production in
preclinical stage. In the Hib efficacy study, the levels of Hib
antibodies induced in the experimental groups was 100%
positive after 2 and 3 doses of immunization. Likewise, the
levels of Hib antibodies after 2 and 3 doses of immunization
with the 3 batches of the 5-conjugate vaccine were compar-
able to those of the Hib stock solution, thus, meeting the
release standard of the Hib efficacy test in the third part of
the Chinese Pharmacopoeia, 2020 edition. The level of
neutralizing antibodies against each poliovirus type
induced by sIPV components in animals was comparable
to that of a commercial sIPV vaccine containing phenol red,
with good consistency between batches, showing good
immunogenicity. We found that the polio neutralizing
Abs observed in the rats immunized with the positive con-
trol sIPV vaccine were slightly higher than the three test
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Figure 7. Antibody response in vaccinated mice and rats. (a—e) ELISA were used to determine the NIH mice IgG antibodies of each component (PRN, FHA, DT, TT and PT)
of the three batches of vaccine after two and three immunization times. (f) ELISA were used to determine the NIH mice anti-Hib IgG antibody levels after two and three
doses of Hib vaccine and DTacP-sIPV-Hib vaccine immunization. (g—i) ELISA were used to determine the rat sIPV IgG antibody levels of the three batches of vaccine after
two and three immunization times.

Table 1. Seroconversion rate of neutralizing antibody and GMT results of type | poliovirus after immunization of rats in each group.

One dose Second dose Third dose

GMT GMT GMT

Seroconversion rate (%) (1:X) Seroconversion rate (%) (1:X) Seroconversion rate (%) (1:X)
Test 1 100.0 72.28 100.0 653.02 100.0 994.96
Test 2 100.0 98.16 100.0 627.07 100.0 950.46
Test 3 100.0 95.37 100.0 585.08 100.0 886.81
sIPV control 100.0 86.46 100.0 772.01 100.0 1254.14
Negative control 0.0 1.00 0.0 1.00 0.0 1.00

Table 2. Seroconversion rate of neutralizing antibody and GMT results of type Il poliovirus after immunization of rats in each group.

One dose Second dose Third dose
GMT GMT GMT
Seroconversion rate (%) (1:X) Seroconversion rate (%) (1:X) Seroconversion rate (%) (1:X)
Test 1 100.0 54.78 100.0 602.15 100.0 950.46
Test 2 100.0 67.44 100.0 627.07 100.0 966.75
Test 3 100.0 74.00 100.0 503.37 100.0 912.69
sIPV control 100.0 78.38 100.0 683.59 100.0 1170.15

Negative control 0.0 1.00 0.0 1.00 0.0 1.00
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Table 3. Seroconversion rate of neutralizing antibody and GMT results of type Il poliovirus after immunization of rats in each group.

One dose Second dose Third dose

GMT GMT GMT

Seroconversion rate (%) (1:X) Seroconversion rate (%) (1:X) Seroconversion rate (%) (1:X)
Test 1 100.0 72.28 100.0 609.29 100.0 912.69
Test 2 100.0 62.92 100.0 545.90 100.0 978.20
Test 3 100.0 67.44 100.0 492.79 100.0 851.57
sIPV control 100.0 84.01 100.0 699.89 100.0 1204.30
Negative control 0.0 1.00 0.0 1.00 0.0 1.00

groups, but the difference was not significant (p >.05). Our
previous study also found that when the sIPV vaccine was
formulated as a pentavalent vaccine, the level of sIPV neu-
tralizing antibodies in the pentavalent vaccine may be
somewhat disturbed and slightly lower than that of the
positive control sIPV vaccine, but there was no statistical
difference between them. We consider that further study is
needed. In cynomolgus monkeys, the immunogenicity of
each component of pentavalent vaccine was detected. The
results showed that the immunogenicity of each component
was good and the results were not shown. In conclusion, the
3 batches of prepared pentavalent vaccines showed good
immunogenicity in animal models. However, our study
had some limitations. For instance, the selection of
a control group for immunogenicity assessment in mice
and rats was not appropriate. When this study was per-
formed, we did not use the imported DTaP-IPV/Hib vac-
cine as a control.”> This issue will be considered in
subsequent clinical trials. We also need to refer to existing
publications of control vaccines.

In conclusion, the combined DTacP-sIPV-Hib vaccine exhib-
ited good consistency between batches. The combined
DTacP-sIPV-Hib vaccine was safe in mice, guinea pigs, and
cynomolgus monkeys, and immunogenic in mice, rats, and
cynomolgus monkeys (data not shown). The results of this
study provide evidence for the future evaluation of the combined
DTacP-sIPV-Hib vaccine candidate in subsequent clinical trials
in humans.
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