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ABSTRACT
Background: An acellular Pertussis (aP) vaccine containing recombinant genetically detoxified Pertussis
Toxin (PTgen), Filamentous Hemagglutinin (FHA) and Pertactin (PRN) has been developed by BioNet-Asia
(BioNet). We present here the results of the first clinical study of this recombinant aP vaccine formulated
alone or in combination with tetanus and diphtheria toxoids (TdaP). Methods: A phase I/II, observer-blind,
randomized controlled trial was conducted at Mahidol University in Bangkok, Thailand in healthy adult
volunteers aged 18–35 y. The eligible volunteers were randomized to receive one dose of either BioNet’s
aP or Tetanus toxoid-reduced Diphtheria toxoid-acellular Pertussis (TdaP) vaccine, or the Tdap Adacel�

vaccine in a 1:1:1 ratio. Safety follow-up was performed for one month. Immunogenicity was assessed at
baseline, at 7 and 28 d after vaccination. Anti-PT, anti-FHA, anti-PRN, anti-tetanus and anti-diphtheria IgG
antibodies were assessed by ELISA. Anti-PT neutralizing antibodies were assessed also by CHO cell assay.
Results: A total of 60 subjects (20 per each vaccine group) were enrolled and included in the safety
analysis. Safety laboratory parameters, incidence of local and systemic post-immunization reactions during
7 d after vaccination and incidence of adverse events during one month after vaccination were similar in
the 3 vaccine groups. One month after vaccination, seroresponse rates of anti-PT, anti-FHA and anti-PRN
IgG antibodies exceeded 78% in all vaccine groups. The anti-PT IgG, anti-FHA IgG, and anti-PT neutralizing
antibody geometric mean titers (GMTs) were significantly higher following immunization with BioNet’s aP
and BioNet’s TdaP than Adacel� (P< 0.05). The anti-PRN IgG, anti-tetanus and anti-diphtheria GMTs at one
month after immunization were comparable in all vaccine groups. All subjects had seroprotective titers of
anti-tetanus and anti-diphtheria antibodies at baseline. Conclusion: In this first clinical study, PTgen-based
BioNet’s aP and TdaP vaccines showed a similar tolerability and safety profile to Adacel� and elicited
significantly higher immune responses to PT and FHA.
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Introduction

Although vaccines against pertussis have been used for the past
45 years, pertussis remains a public health concern.1 In the
1990s, acellular Pertussis vaccines (aP) were developed with the
intent to improve the safety of existing whole-cell Pertussis
(wP) vaccines1,2 as well as to address the great variability in the
production of wP vaccines.1 Large safety and efficacy studies
showed that overall wP vaccines were more reactogenic but
had a similar safety profile as aP vaccines whereas the efficacy
of aP vaccines was similar or inferior to that of wP vaccines.1,2

Despite high vaccine coverage with wP or aP vaccines, per-
tussis remains one of the major causes of childhood morbidity
and mortality worldwide, responsible for 60,000 deaths in
2013,3,4 mostly in infants less than 1 y old who are unvacci-
nated or incompletely vaccinated.5 Resurgence of pertussis in
the adolescent and adult population has been documented in
countries that use aP-based vaccines, despite high infant

vaccine coverage and children/adolescent boosters.1 The failure
of aP vaccines to confer long term protection may result from
the induction of short-lived immunity,6,7 loss of B-cell binding
neutralizing epitopes,8,9 insufficient T-cell type 1 (Th1) and
type 17 (Th17) responses to promote mucosal responses10,11

and/or genetic changes in circulating B. pertussis strains.12,13

Potential strategies for better pertussis control include the
improvement of pertussis vaccines with recombinant
genetically detoxified Pertussis Toxin (rPT) and/or increase of
antigenic content, adjustment in formulations to include novel
adjuvants, additional booster doses, cocooning and/or maternal
immunization.14

In infants, aP vaccines containing rPT were shown as safe,
highly immunogenic, efficacious and able to elicit antibodies
and protection which persisted up to 6 y.15,16 The superior
immune response of rPT-containing vaccines15 was associated
with the conservation of 75–80% of native PT, enabling
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efficient B-cell epitope binding.8,17 The production and supply
of this first generation of pediatric rPT-containing vaccines was
interrupted by patent issues. BioNet-Asia (BioNet, Bangkok,
Thailand) has developed a new recombinant B. pertussis strain
expressing a genetically-detoxified PT (PTgen)18 which retains
the functional antigenic properties of native PT but without its
toxicity.17,18,19

Here, we report the results of the first clinical trial designed
to evaluate the safety and immunogenicity of BioNet’s aP vac-
cine alone or combined with tetanus and diphtheria toxoids
(TdaP) in healthy adults.

Results

Study subjects and demographic characteristics

A total of 67 subjects were screened, of whom 60 were enrolled,
vaccinated and included in the safety analysis (Fig. 1). Four
subjects were excluded from the immunogenicity analysis: 3
subjects at Day 7 after vaccination (2 for incorrect labeling of
the serum samples, one for missed visit) and one subject at Day
28 after vaccination for having received tetanus vaccine due to
a squirrel bite during the study. Demographic and baseline
characteristics of study subjects were similar among the 3 vac-
cine groups (Table 1).

Safety

No immediate reactions or adverse events were reported during
the 4-hour observation period after vaccination. At Day 7 and
Day 28 after vaccination, none of the subjects had clinically
significant deviation of hemato-chemical and urinalysis tests
compared to baseline values (not shown).

Pain at injection site was the most frequently reported (75–
85%) local post-immunization reaction (Table 2). A significantly
higher incidence of induration (20%), mostly mild in severity,
was observed in BioNet’s TdaP vaccine group (P < 0.05). One
subject reported severe induration which resolved in a few days
without sequelae. The systemic post-immunization reactions
were similar in all vaccine groups, most of which were mild in
severity. The most frequently reported systemic post-immuniza-
tion reaction was myalgia (10–35%), followed by fatigue (10–
25%) and malaise (5–25%) ( Table 2). Mild fever was reported
by one subject in the Adacel� group. All post-immunization
reactions were transient and resolved without sequelae.

During the 28-day study period, unsolicited AEs were
reported by 20–25% of subjects in each vaccine group, with
similar frequencies. In each group, one subject reported a vac-
cine-related AE (injection site pain or induration that lasted for
more than 7 days). All AEs were transient and resolved without
sequelae. One unrelated SAE (dysfunctional uterine bleeding
8 d after vaccination) was reported in one subject in BioNet’s
aP vaccine group. This female subject, whose pregnancy test
was negative at screening, was admitted to the hospital for
curettage, after which the SAE resolved without sequelae.

Immunogenicity

ELISA anti-PT, anti-FHA, anti-PRN, anti-tetanus and
anti-diphtheria IgG antibodies
Seven days after vaccination, seroresponse rates to PT and PRN
were similar in all vaccine groups. Anti-FHA seroresponse rates
were significantly higher in BioNet’s aP and TdaP than in the
Adacel� group (P D 0.001, Table 3A). One month after vacci-
nation, seroresponse rates to PT, FHA and PRN ranged from
78% to 100% in all vaccine groups (Table 3A), with no statisti-
cally significant difference.

Figure 1. Subjects Disposition.
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Baseline anti-PT, anti-FHA and anti-PRN IgG GMTs were
similar across vaccine groups (Table 3B). At 7 d after vaccina-
tion, the GMTs for the 3 antigens had only slightly increased in
all vaccine groups, except anti-FHA IgG GMTs which were sig-
nificantly higher (P < 0.01) in BioNet’s aP and TdaP than in
the Adacel� group (Table 3B). At Day 28, anti-PT and anti-
FHA IgG GMTs were significantly higher in BioNet’s aP and
TdaP vaccine groups [anti-PT antibody: 264.0 IU/mL (95% CI,
113.70–612.92) and 268.5 IU/mL (95% CI, 162.20–444.39),
respectively; anti-FHA: 728.0 IU/mL (95% CI, 545.94–970.66)
and 666.1 IU/mL (95% CI, 498.61–889.79), respectively] com-
pared to Adacel� group [anti-PT: 50.79 IU/mL (95% CI,
36.98–69.75); anti-FHA: 159.6 IU/mL (95% CI, 114.49–
222.49)] (Table 3B).

Day 28 anti-PRN IgG GMTs were higher in Adacel� than
BioNet’s aP and BioNet’s TdaP vaccinees (Table 3B), although
the difference was not statistically significant.

At baseline, all subjects in BioNet’s TdaP vaccine and
Adacel� groups had seroprotective level (�0.1 IU/mL) of

anti-tetanus and anti-diphtheria IgG antibodies. At 7 d after
Adacel� immunization, subjects had significantly higher
(P < 0.05) anti-diphtheria antibody titers [0.72 IU/mL
(95% CI, 0.46–1.12)] than those in BioNet’s TdaP vaccine
group [0.39 IU/mL (95% CI, 0.24–0.62)]. There was no sta-
tistically significant difference in the anti-tetanus and anti-
diphtheria GMTs at 28 d after vaccination in both BioNet’s
TdaP vaccine and Adacel� groups [7.22 IU/mL (95% CI,
5.35–9.76) and 7.66 IU/mL (95% CI, 6.53–8.98), respectively
for anti-tetanus antibody and 0.53 IU/mL (95% CI, 0.31–
0.90) and 0.88 IU/mL (95% CI, 0.59–1.32), respectively for
anti-diphtheria antibody].

PT neutralizing assay
At 7 and 28 d after vaccination, the seroresponse rates to anti-
PT neutralizing titers were similar in all 3 vaccines groups with
no statistically significant difference (Table 3A).

At 28 d post-immunization, the GMTs of anti-PT neutraliz-
ing antibody (Nab) in BioNet’s aP [151.5 IU/mL (95% CI,

Table 1. Summary of demographics at baseline by vaccine group.

Demographics at
baseline (Screening day) BNA’s aP BNA’s TdaP Adacel� Total P-value

Gender: n (%) 0.81 [1]
-Male 10 (50.00) 9 (45.00) 11 (55.00) 30 (50.00)
-Female 10 (50.00) 11 (55.00) 9 (45.00) 30 (50.00)

Age 0.60 [2]
-N 20 20 20 60
-Mean (SD) 28.23 (4.67) 27.00 (4.63) 28.30 (4.31) 27.85 (4.50)
-Min/Max 18.87 – 34.93 18.29 – 35.86 20.85 – 34.34 18.29 – 35.86

Height (m)
-N 20 20 20 60 0.65 [2]
-Mean (SD) 1.62 (0.09) 1.64 (0.08) 1.62 (0.06) 1.63 (0.08)
-Min/Max 1.52 – 1.84 1.52 – 1.75 1.52 – 1.74 1.52 – 1.84

Weight (kg)
-N 20 20 20 60 0.18 [2]
-Mean (SD) 59.11 (9.89) 63.74 (13.78) 66.38 (13.14) 63.07 (12.55)
-Min/Max 41.80 – 79.50 44.50 – 90.30 44.40 – 89.40 41.80 – 90.30

Note. [1] P-value based on Chi-square test. [2] P-value based on One-way ANOVA.

Table 2. Local and systemic reactions during 7 d after vaccination by vaccine group.

Visit 2 (Vaccination) Visit 3 (Day 1) Visit 4 (Day 7)

BNA’s aP BNA’s TdaP Adacel� BNA’s aP BNA’s TdaP Adacel� BNA’s aP BNA’s TdaP Adacel�
Local and
Systemic
Reactions n (%) n (%) n (%) P-value n (%) n (%) n (%) P- value n (%) n (%) n (%) P-value

Local
Pain 12 (60.00) 13 (65.00) 13 (65.00) — 16 (80.00) 15 (75.00) 16 (80.00) — 16 (80.00) 15 (75.00) 17 (85.00) 0.73

(38.53–81.47) (44.10–85.90) (44.10–85.90) (62.47–97.53) (60.62–97.28) (67.81–100.00) (62.47–97.53) (56.02–93.98) (69.35–100.00)
Redness 0 (0.00) 0 (0.00) 1 (5.00) — 0 (0.00) 3 (15.00) 1 (5.00) 0.12 0 (0.00) 3 (15.00) 1 (5.00) 0.15

(0.00–0.00) (0.00–0.00) (0.00–14.55) (0.00–0.00) (0.00–32.19) (0.00–15.30) (0.00–0.00) (0.00–30.65) (0.00–14.55)
Induration 0 (0.00) 1 (5.00) 0 (0.00) — 0 (0.00) 4 (20.00) 1 (5.00) 0.04� 0 (0.00) 4 (20.00) 1 (5.00) 0.06

(0.00–0.00) (0.00–14.55) (0.00–0.00) (0.00–0.00) (2.72–39.38) (0.00–15.30) (0.00–0.00) (2.47–37.53) (0.00–14.55)
Systemic
Fever 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00) 0.66 0 (0.00) 0 (0.00) 1 (5.00) —

(0.00–0.00) (0.00–0.00) (0.00–0.00) (0.00–0.00) (0.00–0.00) (0.00–15.30) (0.00–0.00) (0.00–0.00) (0.00–14.55)
Headache 0 (0.00) 0 (0.00) 2 (10.00) 0.32 1 (5.00) 0 (0.00) 2 (10.00) 0.53 2 (10.00) 1 (5.00) 3 (15.00) 0.86

(0.00–0.00) (0.00–0.00) (0.00–23.15) (0.00–14.55) (0.00–0.00) (0.00–24.33) (0.00–23.15) (0.00–14.55) (0.00–30.65)
Fatigue 2 (10.00) 0 (0.00) 2 (10.00) 0.53 2 (10.00) 2 (10.00) 5 (25.00) 0.28 3 (15.00) 2 (10.00) 5 (25.00) 0.43

(0.00–23.15) (0.00–0.00) (0.00–23.15) (0.00–23.15) (0.00–24.33) (6.52–46.12) (0.00–30.65) (0.00–23.15) (6.02–43.98)
Arthralgia 1 (5.00) 0 (0.00) 1 (5.00) — 1 (5.00) 1 (5.00) 2 (10.00) 0.84 1 (5.00) 2 (10.00) 3 (15.00) 0.86

(0.00–14.55) (0.00–0.00) (0.00–14.55) (0.00–14.55) (0.00–15.30) (0.00–24.33) (0.00–14.55) (0.00–23.15) (0.00–30.65)
Chills 1 (5.00) 0 (0.00) 0 (0.00) — 1 (5.00) 0 (0.00) 1 (5.00) — 1 (5.00) 0 (0.00) 1 (5.00) —

(0.00–14.55) (0.00–0.00) (0.00–0.00) (0.00–14.55) (0.00–0.00) (0.00–15.30) (0.00–14.55) (0.00–0.00) (0.00–14.55)
Malaise 1 (5.00) 0 (0.00) 1 (5.00) — 1 (5.00) 1 (5.00) 4 (20.00) 0.30 1 (5.00) 1 (5.00) 5 (25.00) 0.08

(0.00–14.55) (0.00–0.00) (0.00–14.55) (0.00–14.55) (0.00–15.30) (2.72–39.38) (0.00–14.55) (0.00–14.55) (6.02–43.98)
Myalgia 1 (5.00) 1 (5.00) 2 (10.00) — 4 (20.00) 2 (10.00) 7 (35.00) 0.14 5 (25.00) 2 (10.00) 7 (35.00) 0.21

(0.00–14.55) (0.00–14.55) (0.00–23.15) (2.47–37.53) (0.00–24.33) (15.15–58.53) (6.02–43.98) (0.00–23.15) (14.10–55.90)
Vomiting 0 (0.00) 0 (0.00) 0 (0.00) — 0 (0.00) 0 (0.00) 0 (0.00) — 0 (0.00) 0 (0.00) 0 (0.00) —

(0.00–0.00) (0.00–0.00) (0.00–0.00) (0.00–0.00) (0.00–0.00) (0.00–0.00) (0.00–0.00) (0.00–0.00) (0.00–0.00)

P-value based on Fisher’s exact, �P < 0.05, statistically significant.
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54.48–421.33)] and TdaP [149.5 IU/mL (95% CI, 81.62–
273.74)] vaccinees were significantly higher than in Adacel�

group [33.40 IU/mL (95% CI, 21.22–52.58)] (P < 0.01).

Proportion of subjects with ELISA anti-PT IgG and anti-PT
Nab above cut-off antibody levels
The proportion of subjects with ELISA anti-PT IgG antibody
cut-off titers between 20 and >120 IU/mL is shown in Fig. 2.
At 28 d post-immunization, more than 80% of subjects in
BioNet’s aP and BioNet’s TdaP vaccine groups had anti-PT
IgG titer above 80 IU/mL compared to approximately 20% of
subjects in the Adacel� group (Fig. 2).

The distribution of anti-PT Nab titers was similar, with
approximately 70% of subjects in BioNet’s aP and TdaP vaccine
groups with anti-PT Nab titer >80 IU/mL vs approximately
20% of subjects in the Adacel� group (Fig. 2).

Discussion

This first-in-human study indicated a similar reactogenicity
and safety profile of BioNet’s PTgen-containing vaccines and
Adacel�, except for a few more transient local reactions follow-
ing BioNet’s TdaP immunization. It is unlikely that these reac-
tions were due to recent exposure to Tetanus or Diphtheria
vaccines as potential volunteers were excluded during screening
visit if they had received Tetanus or Diphtheria vaccines within
5 y from study start. However, BioNet’s TdaP reactogenicity
and safety will be further studied in a larger phase II/III clinical
trial.

Adacel� induced significantly higher anti-diphtheria anti-
body titers at Day 7. However, there was no statistically signifi-
cant difference at Day 28 in antibody response for diphtheria,
tetanus and pertactin antigens among the 3 vaccine groups. On
the other hand, antibody titers elicited by PTgen were signifi-
cantly higher in subjects vaccinated with BioNet’s vaccines
than Adacel�, whether assessed by ELISA or the CHO cell
assay for neutralizing antibodies, confirming the good correla-
tion between ELISA anti-PT and CHO cell assays when PTgen
is used as vaccine antigen.20 Anti-FHA GMTs were also signifi-
cantly higher following immunization with BioNet’s vaccines,
for reasons which are yet unclear. This suggests that the immu-
nogenicity to PT and FHA of BioNet’s formulations may be
higher than that of current aP containing vaccines, a hypothesis
to be confirmed in Phase II trials. Importantly, these trials may
include aP alone or with Td given the similar antibody response

to PT, FHA or PRN elicited by BioNet’s aP and TdaP vaccines.
The use of stand-alone aP vaccines could be of interest for
repeat immunization at close intervals, for example at each
pregnancy.21

An interesting observation is that on Day 7, no booster effect
was observed for anti-PT nor anti–PRN antibodies. This sug-
gests that in Thai adults previously primed with whole-cell vac-
cines in infancy, baseline PT- and PRN-specific memory B cells
were insufficient to enable their prompt reactivation. The Day
7 booster effect was observed for FHA likely reflects the fact
that it is a common antigen to other Bordetella spp22 which cir-
culate widely in the population and periodically reactivate FHA
immunity upon exposure.

Although immuneresponse to study vaccines was evaluated
against BioNet’s antigens, it is unlikely that this would have
favored BioNet’s vaccines. In fact, inter-laboratories collabora-
tive studies have not identified any significant difference in
seroresponse to pertussis vaccination or disease when different
sources of PT antigens are used.23,24

There is still a search for serological correlates of protection
against whooping cough and several candidate pertussis anti-
gens were suggested in some studies.1,2,25-29 But so far correlates
of protection induced by vaccination against pertussis have not
been clearly established. However, it is well accepted that PT
plays a major role in the protection and PT is the only pertussis
component included in all types of acellular pertussis vaccines.
In addition, countries that have been using monocomponent
PT vaccines have effectively controlled pertussis as reported
from Denmark on a 15 y nationwide pertussis surveillance
study.30 Thus, even though extrapolations should be careful,
one may expect enhanced protective efficacy to result from the
use of more immunogenic vaccines. A 4-fold increase to base-
line titers has been recommended by WHO for the evaluation
of responses to new acellular pertussis infant vaccines25 but is
unlikely to apply to adults nor correlate with protection. As a
rule, pertussis antibody titers of a new vaccine should be com-
pared to a licensed vaccine and the persistence of antibody
titers will have to be assessed.25 Adacel� was selected as com-
parator vaccine as it is the TdaP vaccine most used in Thailand
in adolescents with a well-established record of safety and
immunogenicity.31

In conclusion, the high immunogenicity of PTgen demon-
strated here for the first time in adults is consistent with previ-
ous studies that demonstrated high and sustained efficacy of
rPT-containing aP vaccines in infants.14,15 It paves the way to
the further development of BioNet’s aP vaccines.

Table 3A. Seroresponse rates as defined by the percentage of subjects with � 4-fold increase as compared to baseline values of anti-PT IgG, anti-FHA IgG, anti-PRN IgG
and anti-PT neutralizing antibody titers at 7 and 28 d after vaccination.

Day 7 Day 28

BNA’s aP BNA’s TdaP Adacel� BNA’s aP BNA’s TdaP Adacel�

N D 19 18 19 19 18 19
n (%) (95% CI) n (%) (95% CI) n (%) (95% CI) P-value n (%) (95% CI) n (%) (95% CI) n (%) (95% CI) P-value

Anti-PT ELISA 9 (47.37) (25.0–70.0) 8 (44.44) (21.0–67.0) 11 (57.89) (36.0–80.0) 0.688 [1] 17 (89.47) (76.0–100.0) 17 (94.44) (84.0–100.0) 16 (84.21) (68.0–100.0) 0.862 [2]
Anti- FHA ELISA 16 (84.21) (68.0–100.0) 14 (77.78) (59.0–97.0) 6 (31.58) (11.0–52.0) 0.001� [1] 19 (100.00) (100.0–100.0) 17 (94.44) (84.0–100.0) 16 (84.21) (68.0–100.0) 0.209 [2]
Anti-PRN ELISA 9 (47.37) (25.0–70.0) 8 (44.44) (21.0–67.0) 11 (57.89) (36.0–80.0) 0.688 [1] 15 (78.95) (61.0–97.0) 15 (83.33) (66.0–100.0) 16 (84.21) (68.0–100.0) 1.000 [2]
Anti-PT Nab 10 (52.63) (30.0–75.0) 12 (66.67) (45.0–88.0) 16 (84.21) (68.0–100.0) 0.110 [1] 17 (89.47) (76.0–100.0) 16 (88.89) (74.0–100.0) 16 (84.21) (68.0–100.0) 1.000 [1]

[1] Based on chi-square test, [2] Based on Fisher’s exact, �P < 0.05, statistically significant.
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Methods

Study design and subjects

This study was designed as a phase I/II single-center, observer-
blind, randomized, controlled ICH-GCP compliant study to
evaluate the safety and immunogenicity of BioNet’s TdaP and
aP vaccines in healthy subjects aged 18–35 y. Adacel�, a
licensed Tdap vaccine (Sanofi Pasteur, Canada) was used as a
control. The study was conducted as single center study at the
Faculty of Tropical Medicine, Mahidol University, Thailand
between June and December 2014.

A pamphlet, previously approved by EC, containing brief
information on the study was distributed to hospital visitors.
Potential volunteers who were interested in participating into
the study contacted the study site. After written informed con-
sent was obtained, the subjects were screened according to pre-
defined inclusion (be between 18 to 35 y of age; be free of
obvious health problems as established by medical history and
screening evaluations including physical examination and labo-
ratory test; capable to comply with the study protocol; for
women, willing to take reliable birth control measures for entire
study duration) and exclusion criteria (history of significant
medical illness such as immune deficiency, uncontrolled diabe-
tes or hypertension, heart or renal or hepatic diseases; pregnant
or breast-feeding women; history of allergy to any vaccine com-
ponent; history of serious adverse event or neurological adverse
event after injection with DTP vaccine; having received any
Diphtheria or Tetanus or Pertussis vaccine within 5 y prior
enrollment in the present study; individuals with any progres-
sive or severe neurological disorder, seizure disorder or
Guillain-Barr�e syndrome; history of alcoholism and/or intrave-
nous drug abuse; history of any illness that, in the opinion of
the investigator, might interfere with the results of the study or
pose additional risk to the subjects due to participation in the

study; for subjects screened at Day -14 to Day -1, presence of
any clinically or laboratory significant abnormality on physical
examination or laboratory tests upon investigator judgment)
and hemato-chemical laboratory tests (WBC,RBC,HG,HT,
Platelets, Differential WBC, ESR, liver and renal functionality
tests. For the complete list please refer to http://www.clinical
trials.in.th/ as TCTR20140703001). Those eligible to enter into
the study were randomly assigned in a 1:1:1 ratio to receive one
intramuscular injection of one of the 3 study vaccines in the
non-dominant deltoid region. PROC PLAN (SAS version 9.2)
was used to generate the randomization list with blocks of
three. As the syringe containing Adacel� had different appear-
ance than BioNet’s vaccines syringes, at study site, the unblind
personnel was responsible for subjects randomization, vaccine
preparation, administration and accountability. All other site
study staff was blind to vaccine assignment groups as well as
data management personnel, statistician and laboratory staff.
The study was approved by the Institutional Ethics Committee
(MUTM 2014-018-01) at the Faculty of Tropical Medicine,
Mahidol University, Bangkok, Thailand and registered at
http://www.clinicaltrials.in.th/ as TCTR20140703001. The
study was conducted according to ICH-GCP, Helsinki Declara-
tion and local ethical guidelines.

Study vaccines

BioNet’s recombinant acellular Pertussis vaccine contains PTgen,
FHA (Filamenteous Hemagglutinin) and PRN (Pertactin), in
proportions similar to the one included in the first generation
recombinant pertussis vaccines commercialized in the 90s.

A single dose (0.5 mL) of each study vaccine composition is
listed in Table 4.

All study vaccines were presented as monodose prefilled
syringe for intramuscular administration.

Figure 2. Percentages of subjects with cut-off value titers of ELISA and Nab anti-PT at baseline and 28 d after vaccination.
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Safety assessment

After vaccination subjects were observed at study site for 4 hours
for immediate or any adverse reactions. Subjects were asked to
return for a visit at 1, 7 and 28 d after vaccination. Blood sam-
ples were taken at screening visit (considered as baseline), 7 and
28 d after vaccination for routine hematology, blood chemistry
and urinalysis tests and for evaluation of vaccine immunogenic-
ity. The day of vaccination diary cards were distributed to study
subjects to record solicited local (pain, redness and induration)
and systemic (fever, headache, fatigue, arthralgia, chills, malaise,
myalgia and vomiting) reactions for 7 d after vaccination, as well
as any other adverse events (AEs) including serious adverse
events (SAEs) for the entire study period. AEs and SAEs rela-
tionship to study vaccines was determined by the investigator
according to ICH guidelines and specified in the protocol.

Immunogenicity assessment

Anti-PT, anti-FHA and anti-PRN IgG antibodies were mea-
sured by standardized enzyme-linked immunosorbent assay
(ELISA) in the Center for Vaccinology (Geneva). Plates were
coated with either BioNet’s purified PTgen, FHA or PRN at
4�C overnight, then blocked with bovine serum albumin
(BSA). Serial dilutions of the World Health Organization
(WHO) International Standard Pertussis Antiserum (Human)
06/140, WHO Reference Reagent Pertussis Antiserum
(Human) 06/142 (NIBSC, UK) and serum samples were incu-
bated at room temperature for 30 minutes. The limit of detec-
tion was 1 IU/mL. Seroresponse was defined as 4-fold increase
of antibody titers compared to baseline titers (seroconversion).
Anti-tetanus and anti-tetanus IgG were determined similarly,
using SERION ELISA classic (Virion/Serion, Germany) with
protective cut-off at 0.1 IU/mL. Samples with titers below the
assay cut-off were arbitrarily attributed a titer of 50% of the
cut-off to allow for statistical analyses. Anti-Fimbriae antibod-
ies were not evaluated in this study.

Functional anti-PT antibody was assessed by measuring the
PT neutralizing titer in Chinese Hamster Ovary (CHO) cells.
Two-fold serial dilutions of the clinical sera were added to a 96-
well reaction plate, before incubating with the standard PT,
JNIH-5 at room temperature for PT-toxin neutralization reac-
tion. The reacting sera were then incubated in CHO cells at
37�C for 48 hours. The highest dilution of complete neutraliza-
tion observed as the absence of cell clustering of crystal violet

stained CHO cells was considered the end point dilution. The
PT neutralizing titer was reported as IU/mL based on the rela-
tive activity of the WHO International Standard Pertussis Anti-
serum (Human) 06/140. Samples with titers below the assay
cut-off were arbitrarily attributed a titer of 50% of the cut-off to
allow for statistical analyses.

Data management and statistical analysis

Data management and statistical analyses were performed by
the Center of Excellence for Biomedical and Public Health
Informatics (BIOPHICS), Bangkok, Thailand using Statistical
Analysis System (SAS) version 9.2. The seroresponse rate and
geometric mean titer (GMT) were calculated with exact 95%
Confidence Interval (CI). The difference between each vaccine
group was assessed by either Chi-square or Fisher’s exact test
for categorical variables and Mann-Whitney U test for continu-
ous variables. P < 0.05 was considered to be statistically
significant.
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