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A B S T R A C T

Introduction: We conducted a randomized, observer-blind, non-inferiority, parallel-group clinical study of
diphtheria, tetanus, pertussis, hepatitis B, and Haemophilus influenzae type b conjugate (pentavalent) vaccination
of infants in India. Goals were to determine whether the seropositivity rate after vaccination via disposable-
syringe jet injector (DSJI) was non-inferior to that via needle and syringe (N-S), and to compare the safety of
vaccination by the two methods.
Methods: Healthy children received a three-dose series of vaccine intramuscularly by DSJI or N-S beginning at
6–8 weeks of age. Immunoglobulin G antibody levels were measured by ELISA at 4–6 weeks after the third dose.
The main secondary endpoint was safety, measured as injection site and systemic reactions.
Discussion: The study was stopped early out of caution beyond that specified in the protocol stopping criteria,
after the Data Safety Committee noted a higher frequency of injection site reactions, especially moderate and
severe, in the DSJI group. As a result, 128 subjects—DSJI group 61; N-S group 67—completed the study, rather
than the 340 planned, and the study was not sufficiently powered to compare immunogenicity endpoints for the
groups. Descriptive statistics indicate that seropositivity induced by vaccination with the DSJI was similar to that
of N-S for all five antigens. Pentavalent vaccine includes whole-cell pertussis vaccine and an aluminum adjuvant,
which may have contributed to the higher number of local reactions with the DSJI. The reactions caused no
serious or long-term sequelae, and may be more acceptable in other populations or circumstances.

US National Institutes of Health clinical trials identifier: NCT02409095.

1. Introduction

The World Health Organization recommends universal immuniza-
tion with 12 vaccine antigens, including diphtheria, tetanus, pertussis,
hepatitis B, and Haemophilus influenzae type b (Hib) [1]. These five
antigens are available as a pentavalent combination DTP-HB-Hib vac-
cine, which is used in the national immunization programs of many
developing countries [2], including India [3]. Worldwide, more than 20
million children are under-immunized for the recommended vaccines,
nearly one-third of whom live in India [4].

Vaccines are typically administered as injections with autodisable
needle and syringe (N-S); however, this can result in needlestick in-
juries and cross-infection, and can create dangerous sharps waste in
communities [5]. An alternative technology, jet injection, uses high
pressure to deliver a fine stream of fluid that penetrates the skin to
deposit vaccine in dermal, subcutaneous, or muscle tissue, as required.
In the 1950s, multiuse-nozzle jet injectors made high-throughput mass
vaccination campaigns possible for such diseases as smallpox, polio,
meningitis, and measles [5]. The potential benefits of jet injectors in-
clude providing more consistent delivery of vaccines, reducing wastage,
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eliminating transport of large volumes of sharps, and reducing the risk
of needlestick injuries and costs associated with sharps waste. However,
the multiuse injectors were withdrawn from public health use in the
1990s because of the risk of cross-contamination [5].

Disposable-syringe jet injectors (DSJIs) use a sterile, single-dose, dis-
posable syringe for each patient, avoiding the cross-contamination risks of
multiuse-nozzle injectors. Most remaining risks for DSJIs also apply to
vaccination by N-S, such as pain, bleeding, or swelling at the injection site;
or user error in administering the dose to the correct tissue layer. DSJIs can
be used to deliver liquid and reconstituted lyophilized vaccines from
single-dose or multidose vial and ampoule presentations. The efficacy and
safety of vaccines for a number of diseases—hepatitis A and B, Hib, polio,
tetanus, typhoid, and yellow fever, among others—have been shown to be
similar whether administered by jet injection or N-S [5].

We conducted a phase IV, randomized, observer-blind, non-in-
feriority, parallel-group clinical study of pentavalent vaccination in
infants in India. The goals of the study were to determine whether the
seropositivity rate for recipients of pentavalent vaccine administered
using a DSJI was non-inferior to that of subjects administered vaccine
via N-S, for all components of the vaccine, and to compare the safety of
vaccination by the two methods. A result of non-inferiority for the DSJI
would support use of a DSJI for pentavalent vaccination.

2. Methods and materials

2.1. Vaccine and injection devices

The investigational product for this study was the liquid pentavalent
vaccine from the Serum Institute of India Pvt. Ltd. (Pune, India), ad-
ministered by the Stratis® DSJI (PharmaJet, Golden, CO, USA). The vac-
cine was diphtheria, tetanus, pertussis (whole cell), hepatitis B (rDNA),
and Haemophilus influenzae type b conjugate vaccine (adsorbed), batch
number 137L4011E. Each 0.5mL dose contained the following antigens:
diphtheria toxoid ≤25 Lf (≥30 IU); tetanus toxoid ≥2.5 Lf (≥40 IU);
Bordetella pertussis (whole cell) ≤16 OU (≥4 IU); recombinant hepatitis B
virus surface antigen (rDNA) ≥10 μg; and Hib conjugate vaccine (purified
capsular polysaccharide, polyribosyl-ribitol-phosphate [PRP] conjugated
to tetanus toxoid) 10 μg. The vaccine also contained the adjuvant alu-
minum phosphate, ≤1.25mg, and the preservative thiomersal, 0.005%.
The Stratis device used in this study has regulatory clearance in the United
States [6] and the European Economic Area [7], and is prequalified by the
World Health Organization [8]. The batch numbers for the Stratis device
were 25854275 and 23436455. The reference product was the same batch
of vaccine from the Serum Institute of India administered via N-S. The
pentavalent vaccine was administered as a three-dose series of 0.5mL each
by deep intramuscular injection in the anterolateral aspect of the thigh
with either a DSJI or by N-S, starting at study day 0 (approximately 6–8
weeks of age) and repeated on study days 28 and 56.

2.2. Study populations and settings

The study was conducted at four sites across India between January
and December 2015. Eligible participants were healthy infants aged 6–8
weeks. Excluded were children participating in other clinical trials;
those with a history of diphtheria, tetanus, pertussis, and hepatitis B, or
Hib, or of vaccination against these diseases; those with an acute or

chronic clinically significant abnormality or illness; and those with a
history of allergy to any of the vaccine components.

2.3. Randomization and blinding

A block randomization scheme allocated eligible subjects in a 1:1 ratio
to pentavalent vaccine by either DSJI or N-S. Each block consisted of six
subjects. The randomization list was generated using SAS® version 9.2
(SAS Institute Inc., Cary, NC, USA). The list of randomization numbers and
the group allocations covered with scratch labels were provided to all sites.
The vaccinator allocated subjects to groups by scratching off the label
corresponding to the randomization number on the list, just before vaccine
administration. Investigator site personnel—except for staff administering
the vaccine—and laboratory staff analyzing serum samples were not
aware of which device was used for vaccination.

2.4. Immunogenicity evaluations

The immunogenicity evaluations were performed at Quest Diagnostics
India Pvt. Ltd. (Gurgaon, India). Blood samples were collected from each
subject on day 0 and at 4–6 weeks after the third dose. Serum samples
were tested in pairs using commercially available enzyme-linked im-
munosorbent assay kits for diphtheria, pertussis, and tetanus im-
munoglobulin G (IgG) antibodies (Institut Virion/Serion GmbH,
Wurzburg, Germany), for hepatitis B IgG antibodies (Ortho-Clinical
Diagnostics, Raritan, NJ, USA), and for Hib antibodies (The Binding Site
Group Ltd., Birmingham, United Kingdom). All serum samples were tested
in duplicate and the mean of the two values was used for calculations.

2.5. Safety evaluations

At each visit, the subjects were physically examined and had a history
taken for adverse events and concomitant medications. Parents were in-
structed to record solicited local and systemic reactions daily in a diary
until 4 days after each vaccination. Any unsolicited adverse events and
serious adverse events (SAEs) were also recorded throughout the study.

For all local reactions other than pain, the following criteria were used
to classify the severity of the reactions: mild—the longest diameter
was<20mm; moderate—the longest diameter was ≥20mm and
≤50mm; and, severe—the longest diameter was>50mm. Data were
collected by parents (who had been trained by study staff) using a mea-
suring scale (15 cm). The severity grading for measurable adverse events
like redness, induration, bruising and swelling was done at the data
management level as per criteria defined above. The severity grade for
fever was defined as mild - 38 °C to<39 °C, moderate - 39 °C to<40 °C
and severe - ≥ 40 °C. For pain and other systemic reactions (not mea-
surable), the grading mild, moderate and severe was used as per in-
vestigator's clinical judgment.

2.6. Statistical analyses

The sample size was determined under the assumption that 90% of
individuals in the control group would become seropositive, and that
10% of all subjects would withdraw from the study. The planned en-
rollment was 340 subjects in order to provide at least 80% power to
reject the null hypothesis of inferiority, using a one-sided significance

Abbreviations

DSJI disposable-syringe jet injector
DTP-HB-Hib diphtheria, tetanus, pertussis-hepatitis

B-Haemophilus influenzae type b
ELISA enzyme-linked immunosorbent assay
GMT geometric mean titer

Hib hepatitis B
IgG immunoglobulin G
MMR measles-mumps-rubella
N-S needle and syringe
PRP polyribosyl-ribitol-phosphate
SAE serious adverse event
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level of 0.025. The primary endpoint was seroprotection/seropositivity
for each component 4–6 weeks after administration of the third dose.
Seroprotection was defined as IgG antibody concentration ≥0.1 IU/mL
(diphtheria and tetanus), ≥10 mIU/mL (hepatitis B), and ≥0.15 μg/mL
for short-term protection and ≥1.0 μg/mL for long-term protection
(Hib). As there is no correlate of protection for pertussis, seropositivity
was defined as> 50 IU/mL as per the kit instructions.

For secondary efficacy analyses, the geometric mean titers (GMTs)
of anti-diphtheria, anti-tetanus toxoid, anti-pertussis, anti-hepatitis B,
and anti-PRP antibodies were compared within each group between
days 0 and 84. We also noted the seropositivity within each study group
between days 0 and 84.

The other secondary endpoints were solicited local or systemic reactions
within 4 days following the administration of each dose, and occurrence of
any unsolicited adverse events and any SAEs throughout study participation.

The immunogenicity analyses are presented for the per-protocol
population, which consisted of all subjects who had no major protocol
violations and who completed all three vaccinations, with evaluable
blood samples at days 0 and 84. Safety analyses are presented for the
intention-to-treat population, constituting all subjects who received at
least one dose of vaccine.

2.7. Ethical conduct of the study

Approvals for the study were obtained from the Drug Controller
General of India, the institutional ethics committees of all study centers,
and the Western Institutional Review Board. Subjects were screened for
eligibility after written informed consent from their parents. The consent
process was audio-visually recorded as per the prevalent regulatory norms.

3. Results

A total population of 340 was planned for this study, but the study

was terminated early. A total of 212 subjects were randomized at the
time of study discontinuation. Two subjects were withdrawn before
receiving study treatment; thus, 105 infants in each group received at
least one dose of vaccine (Fig. 1). Only 128 subjects (61 in the DSJI
group and 67 in the N-S group) completed the study per the protocol
(per-protocol population), and the study was not sufficiently powered
to compare the two groups for the immunogenicity endpoints. Thus, no
formal statistical comparisons have been done, and results are pre-
sented descriptively.

At baseline, the DSJI and N-S groups appeared similar in age,
height, and weight (Table 1). Nearly 60% of the subjects in the N-S
group were females, compared with 53% in the DSJI group. The study

Fig. 1. Study flowchart.
Abbreviations: DSJI, disposable-syringe jet injector; N-S, needle and syringe.

Table 1
Baseline characteristics: intention-to-treat population.a

Characteristicb Disposable-syringe jet
injector (n= 105)

Needle and syringe
(n= 105)

Age (weeks)
Mean (standard
deviation)

6.9 (0.7) 6.8 (0.6)

Range 6.0–8.9 6.0–8.6
Height (cm)
Mean (standard
deviation)

55.1 (2.4) 54.8 (2.5)

Range 50.0–61.0 48.0–66.0
Weight (kg)
Mean (standard
deviation)

4.4 (0.6) 4.3 (0.5)

Range 3.3–6.3 2.9–5.6
Sex
Male, n (%) 49 (46.7%) 43 (41.0%)
Female, n (%) 56 (53.3%) 62 (59.0%)

a The intention-to-treat population consisted of all participants who received
at least one dose of study vaccine.

b All subjects were of Indian ethnicity.
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was planned for 170 infants in each group but was stopped after 105
had been enrolled per group, because of the high frequency of injection
site reactions in the DSJI group.

The proportion of subjects who had at least one solicited local re-
action with one or more doses of the study vaccines was 98% in the
DSJI group and 99% in the N-S group. A total of 1480 solicited local
reactions of pain, redness, swelling, induration, and bruising were re-
ported across both groups for all three doses combined—868 in the
DSJI group and 612 in the N-S group (Table 2). These reactions started
within a minimum of 1 day and a maximum of 4 days from vaccine
administration and lasted for a minimum of 1 day and a maximum of
101 days, with a mean of 3.1 days. Most of the solicited local reactions
were mild or moderate in intensity, with 61 reactions of severe intensity
across both groups (Table 2). There were more reactions of moderate
and severe intensity in the DSJI than the N-S group, 299 versus 157 and
40 versus 21, respectively. All the solicited local reactions resolved
without any sequelae.

The proportions of solicited systemic reactions were similar across
the DSJI and N-S groups. The most commonly reported solicited sys-
temic reactions were irritability, persistent crying, fever, and loss of
appetite in both groups (Table 3). Most of these reactions were of mild
to moderate intensity except for 27 that were severe (13 in the DSJI
group and 14 in the N-S group, 2% each). All solicited systemic reac-
tions resolved without any sequelae. Most of the events started within
1–4 days after vaccine administration and lasted for a minimum of 1
day and a maximum of 13 days.

Across both the DSJI and N-S groups, 293 unsolicited adverse events
were reported in 210 subjects (224 in the DSJI group and 69 in the N-S
group). Of these, 125 in the DSJI group were judged to be related to the
investigational product. All of these events were observed at the in-
jection site (mainly discoloration, injection site bleeding, and nodules).
In the N-S group, 11 unsolicited adverse events (mainly injection site
bleeding) were judged to be related to the reference product. Most of
these events were of mild intensity. None of the events were severe and
all resolved without sequelae. No SAEs were reported in the study.

Seropositivity rates for the DSJI and N-S groups in the per-protocol
population at baseline and at day 84 post vaccination (4 weeks after the
third dose of vaccine) appeared comparable, by descriptive statistics,
for all vaccine components (Table 4). There was an apparent rise in
seropositivity rates for all components of the vaccine, except tetanus,
from baseline to day 84 within both groups (Table 4). The GMTs ap-
peared comparable between the two groups at baseline and at day 84
post vaccination for each component, and there was a rise in GMTs for
all components of the vaccine, except tetanus, from baseline to day 84
within both groups (data not shown).

4. Discussion

This study aimed to compare the safety and immunogenicity of

pentavalent vaccine administered by DSJI with that administered by N-
S. However, the study ended early because of an increased frequency of
local injection-site reactions in the DSJI group, resulting in a sample
size that did not allow use of statistical analyses to compare the two
groups for the immunogenicity endpoints. In ending the study early, the
sponsor acted out of an abundance of caution beyond that specified by
the stopping criteria laid out in the protocol, which stated that the
potential safety reasons for discontinuing the trial would be if there
were a significant number of severe adverse events that were de-
termined to be related to the study product. However, the difference
between the number of moderate injection site reactions between the
two groups (299 versus 157) led to the early discontinuation of the
study.

Using descriptive statistics, we observed that at baseline, ser-
opositivity rates for all five components of the vaccine were comparable
between the two groups, as were the rates 4 weeks after the third dose.
GMTs also appeared comparable between the groups at both time
points. From baseline to post vaccination, there was an apparent rise in
seropositivity rates for all vaccine components, within both groups,
except for tetanus. The national immunization program in India pro-
vides all pregnant women with two doses of tetanus toxoid during
pregnancy; thus, transplacental transfer of maternal antibodies against
tetanus resulted in high baseline tetanus antibody titers in study infants.

For the safety endpoints, we observed that systemic reactions after
vaccination with the DSJI were comparable to those after vaccination
with N-S. However, overall incidence of injection site reactions—and
importantly, of moderate and severe reactions—was higher for infants
vaccinated by DSJI.

A similar clinical study was conducted in tandem with this one, at
the same study sites, comparing immunogenicity and safety of measles-

Table 2
Solicited local reactions by intensity: intention-to-treat population, all three doses combined.

Local reaction Disposable-syringe jet injector (n= 104)a

Subjects (Events)b
Needle and syringe (n= 104)a

Subjects (Events)b

All reactions Mild Moderate Severe All reactions Mild Moderate Severe

Pain 102 (253) 79 (138) 52 (82) 22 (32) 103 (254) 87 (166) 50 (71) 15 (17)
Redness 88 (208) 78 (148) 45 (58) 1 (1) 68 (135) 61 (110) 19 (24) 1 (1)
Swelling 90 (186) 68 (105) 48 (73) 3 (5) 69 (127) 56 (92) 22 (33) 2 (2)
Induration 92 (207) 71 (119) 50 (83) 1 (2) 53 (93) 44 (63) 20 (29) 1 (1)
Bruising 14 (14) 11 (11) 3 (3) 0 3 (3) 3 (3) 0 0
At least one local reaction 102 (868)c 100 (521) 80 (299) 23 (40) 103 (612) 100 (434) 59 (157) 16 (21)

a Data for one subject in each group were missing.
b Some subjects experienced a local reaction (event) after more than one of the three doses in the series. In addition, some subjects experienced reactions of

different intensities after different doses in the series.
c Data on intensity of reaction were missing for 8 events in the DSJI group, so the total number of events by intensity is 860 rather than 868.

Table 3
Solicited systemic reactions: intention-to-treat population, all three doses
combined.

Solicited systemic
reaction

Disposable-syringe jet
injector (n= 104)a

Subjects (Events)b

Needle and syringe
(n= 104)a

Subjects (Events)b

Irritability 87 (190) 87 (182)
Fever 76 (155) 76 (150)
Persistent crying 68 (157) 68 (146)
Loss of appetite 39 (62) 34 (51)
Diarrhea 11 (13) 9 (9)
Vomiting 9 (14) 9 (11)
Drowsiness 4 (4) 6 (6)
At least one systemic
reaction

95 (595) 97 (555)

a Data for one subject in each group were missing.
b Some subjects experienced a systemic reaction (event) after more than one

of the three doses in the series.
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mumps-rubella (MMR) vaccine administered with either the DSJI or N-
S [9]. That study was completed per the protocol, and concluded that
MMR vaccination via DSJI met all non-inferiority criteria; it was as
immunogenic and safe as vaccination by N-S. The children vaccinated
in the MMR study were older—and therefore had larger body mass—-
than those in the present study: 15–18 months of age versus 6–8 weeks
of age at the start of the study. In addition, MMR vaccine is adminis-
tered subcutaneously, while pentavalent vaccine requires deeper, in-
tramuscular administration, and importantly, pentavalent vaccine in-
cludes whole-cell pertussis vaccine and an aluminum adjuvant
associated with increased injection site reactions, while MMR vaccine
does not. Some reports indicate that vaccines with whole-cell antigens,
aluminum, or other irritating ingredients can result in more soreness,
swelling, and redness when administered by jet injector than by N-S
[5]. Increased reactions may be a result of residual vaccine material
remaining along the track left by the stream of liquid penetrating
through the dermal and subcutaneous layers before entering the in-
tramuscular layer [5].

The observed local reactions caused no serious or long-term se-
quelae, and may be more acceptable in other populations or circum-
stances. When considering delivery of adjuvanted and other reactogenic
vaccines, the programmatic benefits of DSJI—such as more consistent
delivery of vaccines, reduced wastage, elimination of transport of large
volumes of sharps, and reduced risk of needlestick injuries and costs
associated with sharps waste—should be balanced with the potential
for an increase in local reactions. The safety and efficacy of vaccines
delivered with a DSJI should be assessed on a case-by-case basis.
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