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Abstract: This study was a phase III, multicenter, double-blind, randomized, placebocontrolled trial to evaluate the safety and immunogenicity of a seasonal trivalent split,
inactivated influenza vaccine (TIV) in healthy Serbian adults between the ages of 18 and 65
years. This egg-based vaccine was manufactured by the Institute of Virology, Vaccines and
Sera, Torlak, Belgrade, Serbia. A total of 480 participants were assigned randomly in a ratio
of 2:1 to receive a single intramuscular dose (0.5 ml) of the vaccine (15 µg of hemagglutinin
per strain) or placebo (phosphate-buffered saline). Participants were monitored for safety,
including solicited and unsolicited adverse events (AEs) and serious adverse events (SAEs). No
SAEs related to vaccination were reported. Injection site pain (51.3%), injection site tenderness
(40.4%), tiredness (17.0%), and headache (15.1%) were the most commonly reported solicited
events in the vaccine group. Incidence of related unsolicited AEs was low (1.3%) among
vaccinees. Hemagglutinin inhibition (HAI) titers were measured before and 21 days after
vaccination in 151 participants. Overall, HAI seroconversion rates to H1 and H3 were observed
in 90.1% and 76.2% of vaccinees, respectively. For B antigen, it was 51.5%, likely due to high
pre-vaccination titers. Post-vaccination seroprotection rates were in the range of 78.2–95.0%
for the three antigens. Post-vaccination geometric mean titers (GMT) were at least 3.8 times
higher than baseline levels for all the three strains among vaccinees. Overall, the study
showed that the vaccine was safe and well tolerated, and induced a robust immune response
against all three vaccine strains.
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Introduction
Influenza virus affects individuals of all ages,
causing repeated infections throughout life, and
is responsible for annual worldwide epidemics
with high morbidity and mortality in populations
at risk.1–4 Vaccination is currently the most effective means of preventing influenza. Multiple

manufacturers around the globe have developed
seasonal trivalent influenza vaccines. The licensed
vaccines are used yearly before the influenza season, and this capacity can be switched to pandemic
vaccine production when needed. Serbia participates in the “World Health Organization (WHO)
Global Action Plan for Influenza Vaccines”
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(GAP), an initiative launched in 2006 in response
to inequitable distribution and availability of
influenza vaccines in the event of an influenza
pandemic. The GAP strategy was implemented
to increase and maintain influenza vaccine supply
globally. Biomedical Advanced Research and
Development Authority (BARDA) of the US
Department of Health and Human Services and
the Government of Japan provided funds for an
international collaborative program that would
increase the supply of influenza vaccines by developing country vaccine manufacturers (DCVMs),
thereby leading to local capacity build up and
availability of vaccines during outbreaks or pandemics in low- and middle-income countries.5,6
Through extensive and sustained collaboration
between BARDA, WHO, and PATH, 14 manufacturers received assistance. Institute Torlak has
been participating in GAP’s technology transfer
project since 2009. Through the GAP program,
the Institute Torlak has established a process for
the production of a seasonal trivalent split inactivated influenza vaccine (TIV) produced in
embryonated eggs; the vaccine was shown to be
safe and immunogenic in animal studies.7 A phase
I trial of the Institute Torlak seasonal trivalent
split inactivated influenza vaccine was conducted
in healthy adults 18–45 years of age. The study
did not identify any safety concerns, and demonstrated the vaccine to be highly immunogenic.8
In the current phase III clinical trial, we further
evaluated a single intramuscular dose of vaccine
in healthy adults aged 18–65 years. The goal was
to expand the safety data of the vaccine and to
confirm the immunogenicity findings observed in
the phase I trial to seek regulatory approval for
indication in adults 18–65 years of age based on
the European Medicine Agency (EMA) serological criteria for assessing seasonal influenza vaccines in adults 18–60 years old.9
Materials and methods
Study design
This was a phase III, double blinded, randomized, placebo-controlled study to evaluate the
safety and immunogenicity of a single dose of
the Institute Torlak seasonal trivalent, split inactivated influenza vaccine (A/H1N1; A/H3N2 and
B) versus placebo (phosphate buffered saline) in
healthy male and female adults, ages 18–65 years
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old. The study was performed at six centers in
Serbia.
Study participants were randomized in 2:1 ratio
to one of the two treatment allocations (320 to
vaccine and 160 to placebo); 25% of the participants were ⩾45 years of age (80 vaccine and 40
placebo recipients), whereas 75% of all participants were 18–44 years old (240 vaccine and 120
placebo recipients).
Screening was conducted on volunteers who gave
their informed consent to join the study.
Participants were randomized to receive either
vaccine or placebo on day 1. Blood was collected
for baseline immunogenicity analyses prior to vaccination. After administration of the study vaccine, all participants were observed for any
immediate adverse events (AEs) at the study clinic
for 30 min. During the 5 days following vaccination, participants were asked to record local solicited AEs (hardness, pain, redness, swelling, and
tenderness) and systemic solicited AEs (chills,
headache, joint aches, muscle aches, nausea, fever,
and tiredness) using pre-printed memory aids, a
thermometer, and a small ruler. The participants
returned to the clinic 7 days after vaccination. At
that time, the study staff reviewed the memory
aids and transcribed all solicited reactogenicity
and other adverse events onto the case report
forms. In addition to solicited events, participants
were asked to report any other unsolicited AEs for
21 days after the vaccination. Participants were
followed up for 90 days post vaccination with a
final phone call on day 91 (± 7 days). Blood was
analyzed for immune response pre-vaccination
(day 1) and post-vaccination (day 22). Safety was
assessed clinically in all participants who were randomized and received a study product, whereas
immunogenicity was assessed in a subset of these
participants: 101 individuals randomized to study
vaccine and 50 placebo recipients, for whom
serum samples were obtained at baseline and 21
days after vaccination.
The vaccine was used in accordance with
Research Protocol of Vaccine Clinical Trial,
Protocol Number: TORLAK-300.
Study population
A total of 503 healthy Serbian male and female
adult volunteers aged 18–65 years were screened
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for inclusion in the study. Inclusion criteria were
that participants were literate (by self-report);
healthy, as established by the medical history and
physical examination; capable and willing to complete a memory aid; and willing to follow the
study procedures. In addition, the women had to
have a negative pregnancy test, not be breastfeeding, and be willing to use reliable birth control
measures (e.g. intrauterine device, hormonal contraception, condoms) for 3 weeks from the day of
vaccination. Exclusion criteria included: presence
of any acute or chronic illness or any neoplastic of
haematological malignancy; hypersensitivity to
any vaccine, chicken or egg protein; taking medication, immunoglobulin, blood or blood products
that could interfere with assessment of safety or
immunogenicity; participating in any other clinical trial; drug addiction or alcohol dependence.
Participants who had received influenza vaccine
in the previous 10 months were also excluded.
This study was approved by the ethics review
committees of the participating centers, the WHO
and the Medicines and Medical Devices Agency
of Serbia (ALIMS). Full details of the approval
dates/IDs from the relevant Institutional Review
Boards (IRBs) can be found in Supplemental
Table S2. Written informed consent was obtained
from all participants before any study-related
activities took place.
Treatments
Two randomization schedules were prepared for
this trial, with the first list including 120 participants (25% of all 480 participants enrolled)
between the age of 45–65 years, and the second
consisting of 360 participants (75% of all 480 participants enrolled) between the ages of 18 through
45 years. For both randomization schedules, a
ratio of 2:1 vaccine to placebo was maintained.
Randomization was conducted by an independent
statistician at Comac Medical who was not
involved in the day-to-day conduct of the study.
The seasonal trivalent influenza vaccine tested
was manufactured by the Institute Torlak using
embryonated chicken eggs and supplied in prefilled, single-dose, disposable syringes. It was a
split virion vaccine, inactivated with Betapropiolactone (BPL) and the virion split with
Triton X-100. The vaccine contained at least
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15 μg of hemagglutinin antigen of each virus
strain recommended for the 2016–2017 season in
the northern hemisphere: X-181 reassortant of
H1/A/California/7/2009; X-263B reassortant of
H3/Hong Kong/4801/2014; and BX-35 reassortant of B/Brisbane/60/2008. The placebo was
manufactured by Institute Torlak and consisted
of phosphate-buffered saline (PBS), pH 7.4. It
was also supplied in prefilled, single-dose, disposable syringes. The vaccine and placebo were
stored in a refrigerator between 2°C and 8°C or
were supplied daily by Institute Torlak during the
vaccination period. The shelf-life was estimated
to be 9 months under these conditions. Storage
temperature was monitored daily and documented. Back-up power or storage was available
in case of primary power failure. The vaccine and
placebo syringes were identically packaged and
labelled so that the study could be conducted in a
double-blind manner. In the case of any unblinding, researchers were required to report this in
writing to the overseeing Ethics Committee. The
allocation code of the product injected into each
participant was recorded on the case report form.
The study vaccine and placebo were administered
as single dose (0.5 ml), intramuscularly (IM) in
the deltoid muscle of the arm.
Safety assessment
Solicited (local and systemic) reactions, unsolicited AEs and serious adverse events (SAEs) were
collected and recorded. Solicited reactions are
local or systemic AEs, typically associated with
intramuscular influenza vaccination, that were
specifically asked about during the 5-day postvaccination period. All solicited reactions were
regarded as related to product administration.
Unsolicited events were reported by the participant or observed by study staff during clinic visits.
Such events were recorded up to 21 days postvaccination, except for SAEs, which were
recorded throughout the entire study period of 90
days. All clinical safety evaluations were made by
a qualified clinician. Any clinical sign, symptom
or laboratory finding that at any time met the
established criteria for an SAE was categorized as
such.
The study was conducted in accordance with the
guidance for International Conference on
Harmonisation good clinical practice (ICH
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GCP), including ICH guidelines, directive
2001/20/EC of the European Parliament, and the
most recent version of the Declaration of Helsinki.
Assessment of immunogenicity
Hemagglutination inhibition (HAI) is the most
frequently used serological test for determining
immunological responses to influenza vaccination.10 Serum specimens obtained before and 21
days after vaccination were tested with a validated
assay at the Institute Torlak Clinical Research
Laboratory for the presence and titers of HAI
antibodies to each of the three influenza antigens
(H1, H3, and B) in the vaccine. Details of the
method of testing has been described in the publication of phase I results of the vaccine.8
Please refer to Supplemental Table S1 for detailed
study schema.
Statistical methods
The full analysis (FA) population included all
participants in the enrolled population who were
randomized and received a study vaccination. All
safety analysis was conducted on this population.
The analysis based on a subset of this population
for whom immunogenicity was assessed served as
the supportive results for all immunogenicity
objectives. The per protocol (PP) population
included all participants in the FA population for
whom immunogenicity was assessed and who had
valid post vaccination immunogenicity measures
with no major protocol violations that were determined to potentially interfere with the immunogenicity assessment of the study vaccine. This
population was the primary analysis population
for all immunogenicity objectives. A two-sided
significance level of 0.05 was used in the comparisons. All statistical analyses were performed using
SAS® version 9.4.
The sample size was selected based safety requirement to analyze the common adverse events in
the study group and also considering probability
of meeting EMEA/Committee for Proprietary
Medicinal Products (CPMP) serological criteria
for assessing seasonal influenza for licensure for
adults 18–60 years of age.9 With more than 300
evaluable participants who were randomized to
receive vaccine, the study had 95% power to
detect at least one vaccine-associated AE if true
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incidence is 1.0%. With a sample size of 100 evaluable participants who received study vaccine
and had immunogenicity measures, there was
91% probability that the point estimate for seroconversion to all three strains would be ⩾40%. If
the true response to each antigen was to be ⩾60%,
there was 92% probability that the lower bound
of the exact 95% CI for seroconversion to all
strains would be ⩾40% with the same sample
size. Likewise, with a sample size of 100 evaluable
participants for immunogenicity, there was 92%
probability that the point estimate for seroprotection to all three strains would be ⩾70% if the true
response to each strain was ⩾78%. If the true
response to each strain is ⩾ 87%, there was 95%
probability that the lower bound of the exact 95%
CI for seroprotection to all strains would be
⩾70% with the same sample size.
Safety analysis. The vaccine safety profile was
assessed in terms of the number and percentage
of participants with: (a) adverse events occurring
within 30 min of vaccination; (b) solicited local
and systemic reactions within 5 days post-vaccination; (c) unsolicited AEs within 21 days postvaccination; and (d) SAEs occurring within 90
days post-vaccination. Two-sided exact 95% confidence intervals (CIs) of the percentage were calculated using the Clopper-Pearson method. For
solicited AEs, Fisher’s exact test was used to compare the proportions of reactions in the two treatment groups.
Immunogenicity analysis. Immunogenicity assessments included: number and percentage of participants with a serum HAI antibody titer ⩾1:40
(seroprotection titer) 21 days post-vaccination for
each of the three antigens; number and percentage of participants seroconverting for each of the
three antigens (seroconversion was defined as a
serum HAI titer on day 22 meeting one of the following criteria: (a) pre-vaccination titer <1:10
and post-vaccination titer ⩾1:40, or (b) pre-vaccination titer ⩾1:10 and at least a four-fold
increase in post-vaccination titer); geometric
mean titers (GMTs) of serum HAI antibodies
pre- and post-vaccination for each of the three
antigens; rise in GMTs of serum HAI antibodies
for each of the three antigens.
Immunological responses were also calculated separately in participants with pre-vaccination antibody titers of <1:10 or ⩾1:10. The seroprotection
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Screened Subjects:
503

Screening Failures:
23

Randomized Subjects
(S1/D1):
480
Vaccine:
Vaccine:
320
320

Placebo:
160

Vaccine:
312

Placebo:
156

Day 1 to 5

Vaccine:
312

Placebo:
156

Day 22

Vaccine:
312

Placebo:
156

Day 90

Vaccine:
312

Placebo:
156

S1/D1

D1
Vaccinated

Withdrew Consent:
12

Subjects completed the study: 468
Vaccine Treatment Arm: 312
Placebo Treatment Arm: 156
Enrolled populaon: 503
Full Analysis Populaon: 468
Full Analysis Populaon for
immunogenicity: 151

Figure 1. Participant flow chart.

and seroconversion rates, as well as the GMTs of
HAI immune responses were also analyzed separately for the two age subgroups (18–44 and 45–
65 years old) and compared.
The percentages of participants with an immune
response were calculated, along with the corresponding two-sided exact 95% (Clopper-Pearson)
CIs. GMT was summarized by treatment group,
along with the corresponding two-sided 95% CIs,
by exponentiation of the corresponding log-transformed means and their 95% CIs. Fisher’s exact
test and t test were used to compare age groups
as appropriate. No multiplicity adjustment was
made because the primary analysis for immunogenicity was descriptive.

journals.sagepub.com/home/tav

Results
Demographic and other baseline
characteristics
Participants were enrolled across six sites in
Serbia between 28 November and 23 December
2016. A total of 503 participants were screened;
of these, 23 were considered as screening failures;
480 participants between the age of 18–65 years
were randomized in a ratio of 2:1 to receive TIV
or placebo. Among the randomized participants,
360 (75%) were 18–44 and 120 (25%) were 45–
65 years of age. In all, 12 participants withdrew
consent before vaccine administration, with 468
receiving a dose of the study vaccine; 312 (66.7%)
received TIV and 156 (33.3%) received placebo
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Table 1. Demographic characteristics of study subjects.
FA population

Vaccine

Placebo

No. (%) of subjects

468

312 (66.7)

156 (33.3)

Male (%)

246 (52.6)

167 (53.5)

79 (50.6)

Female (%)

222 (47.4)

145 (46.5)

77 (49.4)

Mean age in years (SD)

38.2 (11.6)

38.4 (11.8)

37.6 (11.6)

18–44 years

32.6 (7.3)

32.8 (7.4)

32.0 (7.1)

45–65 years

54.4 (5.5)

54.7 (5.7)

53.8 (5.2)

Distribution by age group

No statistically significant difference was found between the treatment groups in terms of age and sex by analysis of
variance and Cochran–Mantel–Haenszel tests, respectively; p-value was > 0.05 for both comparisons.
FA, full analysis; SD, standard deviation.

and were included in the FA population for evaluation of safety (Figure 1: participant flow diagram). In the FA population, 222 (47.4%)
participants were female and 246 (52.6%) were
male, with similar distributions in vaccine and
placebo groups. The overall mean age [standard
deviation (SD)] was 38.2 years (11.6), 32.6 years
(7.3) in the 18–44 year age group and 54.4 years
(5.5) in the 45–65 years age group). Mean age
was similar for participants treated with vaccine
or placebo in all groups and subgroups. Basic
demographic characteristics are presented in
Table 1. Immunogenicity was tested in 151 participants randomly selected (101 from the vaccine
and 50 from placebo group), stratifying by age.
with 100 (66.23%) being from participants aged
18–44 and 51 (33.77%) from participants aged
45–65 years. The immunogenicity results from
the PP population are reported.
Immunogenicity
Immune responses based on HAI assay against
seasonal influenza strains H1N1, H3N2, and B
are presented in Table 2. In the vaccine group, out
of 101 participants tested by the HAI assay, seroconversion rates were 90.1% for H1, 76.2% for
H3, and 51.5% for B HA antigen. Of the 50 participants tested in the placebo group, only 1 participant presented a seroconversion response to
the H1 antigen, whereas 9 participants seroconverted to B antigen. None of the participants in
the placebo group seroconverted to the H3 antigen. Pre-vaccination GMTs ranged between 6.9
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and 27.4 for the vaccine and placebo recipients
with higher titers against the H1 and B antigens.
Pre-vaccination GMTs were similar in the two
study groups. Similarly, seroprotection rate at
baseline were high for the B and H1 antigens ranging between 23.8% and 52.5%, whereas only 6.9%
and 6.0% participants had seroprotective titers to
the H3 antigen in vaccine and placebo groups,
respectively. At 3 weeks after receiving the vaccine,
a robust increase in GMT was seen among vaccine
recipients with GMTs of 336.3 (95% CI 268.2–
421.7) against H1; 88.4 (95% CI 65.9–118.5)
against H3 and 103.5 (95% CI 86.9–123.3)
against the B antigens. There were minimal rises in
post-vaccination GMTs among placebo recipients.
Seroprotection rates post-vaccination were very
high among vaccine recipients and ranged from
78.2% to 95.0% for the three antigens, whereas in
the placebo group it remained the same for the H1
and H3 antigens and increased from 36.0% to
52.0% for the B antigen. GMTs rose substantially
in the vaccine group from baseline (pre-immunization) to 21 days after immunization with calculated
GMT fold rise (GMFR) of 22.5 (H1), 12.9 (H3),
and 3.8 (B), indicating a strong immune response
to all three strains evoked by Torlak’s TIV. In the
placebo group the GMFR was 1.6 for B antigen
and 1.0 for H1 and H3 antigens.
Immune response was also calculated according
to the level of pre-existing antibodies (Table 3).
As expected, the proportion of participants who
had pre-vaccination (baseline) titers ⩾1:10 was
higher for H1 (67.3% of all participants in the
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Table 2. Immune response by HAI assay in vaccine and placebo recipients.
Group
strain

n

Seroprotection % (95% CI)

SC % (95%
CI)

GMT value (95% CI)

GMFR value
(95% CI)

Pre

23.8 (15.9–33.3)

Pre

15.0 (12.3–18.1)

22.5 (17.5–28.9)

Post

95.0 (88.8–98.4)

90.1
(82.5–95.1)

Post

336.3 (268.2–421.7)

Pre

6.9 (2.8–13.8)

Pre

6.9 (6.0–7.8)

Post

78.2 (68.9–85.8)

Post

88.4 (65.9–118.5)

Pre

52.5 (42.3–62.5)

Pre

27.4 (21.6–34.8)

Post

92.1 (85.0–96.5)

Post

103.5 (86.9–123.3)

Pre

42.0 (28.2–56.8)

Pre

24.1 (16.9–34.5)

Post

44.0 (30.0–58.7)

Post

25.0 (17.7–35.2)

Pre

6.0 (1.3–16.5)

Pre

8.0 (6.4–10.0)

Post

6.0 (1.3–16.5)

Post

8.4 (6.6–10.5)

Pre

36.0 (22.9–50.8)

Pre

21.9 (15.8–30.3)

Post

52.0 (37.4–66.3)

Post

36.1 (26.7–48.7)

Vaccine group
A/H1N1

A/H3N2

B

101

101

101

76.2
(66.7–84.1)
51.5
(41.3–61.6)

12.9 (9.8–17.0)

3.8 (3.0–4.8)

Placebo group
A/H1N1

A/H3N2

B

50

50

50

2.0
(0.1–10.6)
0.0
(0.0–7.1)
18.0
(8.6–31.4)

1.0 (0.9–1.2)

1.0 (1.0–1.1)

1.6 (1.3–2.1)

n, Number of participants tested in PP population in the group.
SC defined as a serum HAI antibody titer meeting the following criteria:
Pre-vaccination titer <1:10 and a post-vaccination titer measured on day 22 of ⩾1:40, or
Pre-vaccination titer ⩾1:10 and at least a four-fold increase in post-vaccination measured on day 22.
CI, confidence interval; GMFR, GMT fold rise; GMT, geometric mean titer; HAI, hemagglutinin inhibition; PP, per protocol; SC, seroconversion.

vaccine group) and B (75.2% of all participants in
the vaccine group) antigens, than for H3, with
only 22.8% of all participants in the vaccine group
showing titers above this level.

the cohort with pre-vaccination antibody titers of
⩾1:10, the GMFR was lower (2.4–17.4) as compared with those with pre-vaccination antibody
titers of <1:10 (13.5–38.1).

Seroresponse rates were independent of pre-existing titers for H1 and H3, whereas, for B, it was
lower for participants with baseline antibody titer
⩾1:10 compared with participants with baseline
titer <1:10. Thus, for B antigen 88.0% of participants with pre-vaccination titer below 1:10 had
post vaccination titers ⩾1:40, whereas only
39.5% of participants with pre-vaccination titer
⩾1:10 had ⩾4 fold rises. In the vaccine group, for
the three antigens tested, post-vaccination GMTs
were higher in the subgroup of participants with
pre-vaccination antibody titers of ⩾1:10 (117.3–
443.4) compared with those with pre-vaccination
antibody titers of <1:10 (67.3–190.3). Although
the post-vaccination GMT titers were higher in

HAI immune responses of the vaccine were analyzed separately for the two age subgroups (18–44
and 45–65 years old) and compared (Table 4). In
the vaccine group, pre-vaccination seroprotection
rates for the three antigens were similar across the
two age groups. There was no statistically significant difference in the post-vaccination seroprotection rate between the two age groups for H1
and H3 antigens. For the B antigen, a higher
post-vaccination seroprotection rate was observed
for the age group 45–65 years when compared
with 18–44 years (100% versus 88%; p = 0.049).
Seroconversion rates were not statistically significant across the two age groups for all three strains,
ranging from 50.7% to 88.1% for age group of
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Table 3. Immune response in vaccine group by pre-vaccination HAI antibody titers.
Group strain

n

SC* % (95% CI)

GMT value (95% CI)

GMFR value (95% CI)

Pre

5.0 (NA)

38.1 (23.2–62.3)

Post

190.3 (116.2–311.7)

Pre

5.0 (NA)

Post

67.3 (48.1–94.2)

Pre

5.0 (NA)

Post

70.6 (53.1–94.0)

Pre

25.5 (21.3–30.4)

Post

443.4 (357.1–550.5)

Pre

20.0 (15.6–25.7)

Post

222.9 (141.4–351.4)

Pre

48.0 (39.9–57.8)

Post

117.3 (95.3–144.5)

Pre-vaccination HAI antibody titer of <1:10
A/H1N1

A/H3N2

B

33

78

25

87.9 (71.8–96.6)

73.1 (61.8–82.5)

88.0 (68.8–97.5)

13.5 (9.6–18.8)

14.1 (10.6–18.8)

Pre-vaccination HAI antibody titer of >=1:10
A/H1N1

A/H3N2

B

68

23

76

91.2 (81.8–96.7)

87.0 (66.4–97.2)

39.5 (28.4–51.4)

17.4 (13.2–22.9)

11.1 (7.2–17.2)

2.4 (1.9–3.1)

n, Number of participants tested in PP population in the group.
*SC defined as a percentage of participants with 4-fold rise in titer (pre-vaccination titer <1:10 and a post-vaccination titer of ⩾1:40 on day 22 or a
four-fold rise in case pre-vaccination titer was ⩾1:10).
CI, confidence interval; GMFR, GMT fold rise; GMT, geometric mean titer; HAI, hemagglutinin inhibition; PP, per protocol; SC, seroconversion.

18–44 years old and 52.9% to 94.1% for age
group of 45–65 years old. The lowest seroconversion rate in both age groups was observed for the
B strain.
Robust increase in GMT from baseline to 21 days
post-vaccination was observed against all the three
strains in both age groups among vaccine recipients. Post-vaccination GMTs were comparable
between the two age groups for both the H1 and
H3 strains, whereas for the B strain, it was higher
in the 45- to 65-year-old group compared with the
18- to 44-year-old group; 160.0 (95% CI 120.6–
212.2) versus 82.9 (95% CI 67.5–101.9), respectively (p value < 0.001). GMFR rates were similar
for both age groups across all thee antigens.
Adverse events
No immediate AEs, such as shock or anaphylaxis,
were reported within 30 min post-vaccination. A
total of 29 participants in the vaccine group and 4

8

participants in the placebo group reported a solicited event during this period, redness at the injection site being the most common (22 participants
in the vaccine group and 3 participants in the placebo group). During the 5-day post-vaccination
period, solicited AEs (local or systemic) were
experienced by at least 209 (67.0%) participants
in the vaccine group and 47 (30.1%) participants
in the placebo group (Table 5). Solicited local
AEs were reported by 191 (61.2%) of the participants in the vaccine group and 26 (16.7%) participants in the placebo group. Pain [160 participants
(51.3%) in the vaccine group and 17 participants
(10.9%) in the placebo group] and tenderness
(126 participants (40.4%) in the vaccine group
and 11 participants (7.1%) in the placebo group)
at the injection site were the most common.
Overall, local reactions were reported more frequently in the vaccine recipients than in placebo
recipients and this difference was found to be statistically significant (p < 0.05). Most of the local
events were mild to moderate in intensity, with
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46.3 (34.0–58.9)

88.1 (77.8–94.7)

Post

82.1 (70.8–90.4)

Post

Pre

9.0 (3.4–18.5)

92.5 (83.4–97.5)

Post

Pre

26.9 (16.8–39.1)

Pre

30.3 (15.6–48.7)

39.4 (22.9–57.9)

Post

6.1 (0.7–20.2)

Post

Pre

6.1 (0.7–20.2)

54.5 (36.4–71.9)

Post

Pre

51.5 (33.5–69.2)

Pre

76.5 (50.1–93.2)

47.1 (23.0–72.2)

5.9 (0.1–28.7)

5.9 (0.1–28.7)

23.5 (6.8–49.9)

23.5 (6.8–49.9)

100.0 (89.7–100.0)

64.7 (46.5–80.3)

70.6 (52.5–84.9)

2.9 (0.1–15.3)

100.0 (89.7–100.0)

17.6 (6.8–34.5)

18.2
(7.0–35.5)

0.0
(0.0–10.6)

3.0
(0.1–15.8)

50.7
(38.2–63.2)

80.6
(69.1–89.2)

88.1
(77.8–94.7)

18–44 years.
n = 67
(Vaccine)
34 (Placebo)

17.6
(3.8–43.4)

0.0
(0.0–19.5)

0.0
(0.0–19.5)

52.9
(35.1–70.2)

67.6
(49.5–82.6)

94.1
(80.3–99.3)

45–65 years.
n = 34
(Vaccine)
16 (Placebo)

Post

Pre

Post

Pre

Post

Pre

Post

Pre

Post

Pre

Post

Pre

26.8 (18.7–38.6)

18.0 (12.4–26.1)

9.7 (7.2–13.1)

9.1 (6.8–12.2)

33.5 (22.7–49.3)

32.4 (21.4–49.1)

82.9 (67.5–101.9)

22.3 (16.8–29.5)

105.8 (76.1–147.1)

7.7 (6.4–9.1)

369.9 (276.0–495.7)

16.1 (12.7–20.5)

18–44 years.
n = 67 (Vaccine)
34 (Placebo)

GMT titer (95% CI)

GMT

63.9 (40.4–101.1)

32.0 (16.6–61.5)

6.3 (4.5–8.8)

6.3 (4.5–8.8)

14.1 (7.4–26.9)

13.6 (7.1–25.8)

160.0 (120.6–212.2)

41.2 (26.9–63.1)

62.0 (34.4–111.9)

5.5 (4.8–6.3)

278.9 (195.2–398.3)

12.9 (9.3–17.9)

45–65 years.
n = 34 (Vaccine)
16 (Placebo)

1.5
(1.1–2.1)

1.1
(1.0–1.2)

1.0
(0.9–1.2)

3.7
(2.8–5.0)

13.8
(10.2–18.5)

22.9
(16.6–31.7)

18–44 years.
n = 67
(Vaccine)
34 (Placebo)

Ratio (95% CI)

GMFR

2.0
(1.3–3.1)

1.0
(NA)

1.0
(1.0–1.1)

3.9
(2.6–5.8)

11.3
(6.3–20.5)

21.6
(14.4–32.4)

45–65 years.
n = 34
(Vaccine)
16 (Placebo)

n, Number of participants tested in PP population in the group.
SC defined as a serum HAI antibody titer meeting the following criteria: pre-vaccination titer <1:10 and a post-vaccination titer measured on day 22 of ⩾1:40, or pre-vaccination
titer ⩾1:10 and at least a four-fold increase in post-vaccination measured on day 22.
The comparison for post-vaccination seroprotection rate between the two age groups within vaccine group is made using Fisher’s exact test; p values obtained were 0.165 for H1N1
strain, 0.209 for H3N2 strain, and 0.049 for B strain.
The comparison of SC between the two age groups within vaccine group is made using Fisher’s exact test; p values were 0.488 for H1N1 strain, 0.215 for H3N2 strain, and 1.000 for
B strain on day 22.
The comparison of post vaccination GMT between the two age groups within vaccine group was made using t test; p values were 0.244 for H1N1 strain, 0.088 for H3N2 strain, and
<0.001 for B strain.
CI, confidence interval; GMFR, GMT fold rise; GMT, geometric mean titer; HAI, hemagglutinin inhibition; PP, per protocol; SC, seroconversion.

B

A/H3N2

A/H1N1

Placebo group

B

A/H3N2

A/H1N1

45–65 years.
n = 34 (Vaccine)
16 (Placebo)

% (95% CI)

% (95% CI)

18–44 years.
n = 67 (Vaccine)
34 (Placebo)

SC

Seroprotection

Vaccine group

Group
strain

Table 4. Immune response by HAI assay in vaccine and placebo groups by age group.
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Table 5. Solicited symptoms in the 5-day period after immunization with Torlak Institute seasonal influenza vaccine.
Solicited AEs

Vaccine (N = 312)

Placebo (N = 156)

p value**

n

% (95% CI)*

n

% (95% CI)*

Participants with at least one
solicited AE

209

67.0 (61.5–72.2)

47

30.1 (23.1–38.0)

<0.0001

Participants with at least one
local solicited AE

191

61.2 (55.6–66.7)

26

16.7 (11.2–23.5)

<0.0001

0 (0.0–2.3)

<0.0001

10.9 (6.5–16.9)

<0.0001
<0.0001

Hardness

29

Pain

9.3 (6.3–13.1)

0

160

51.3 (45.6–57.0)

17

Redness

40

12.8 (9.3–17.0)

3

1.9 (0.4–5.5)

Swelling

20

6.4 (4.0–9.7)

0

0 (0.0–2.3)

Tenderness

0.0004

126

40.4 (34.9–46.1)

11

7.1 (3.6–12.3)

Participants with at least one
systemic solicited AE

87

27.9 (23.0–33.2)

27

17.3 (11.7–24.2)

0.0121

Chills

11

3.5 (1.8–6.2)

0.6 (0.0–3.5)

0.0693

Headache

47

15.1 (11.3–19.5)

12.2 (7.5–18.4)

0.4815

Joint aches

16

5.1 (3.0–8.2)

5

3.2 (1.0–7.3)

0.4784

Muscle aches

27

8.7 (5.8–12.3)

6

3.8 (1.4–8.2)

0.0576

Nausea

18

5.8 (3.5–9.0)

6

3.8 (1.4–8.2)

0.5058

6

1.9 (0.7–4.1)

1

0.6 (0.0–3.5)

0.4330

10.3 (6.0–16.1)

0.0541

Temperature
Tiredness

53

17 (13.0–21.6)

1
19

16

<0.0001

N, total number of FA population in the group; n, the number of the participants with event.
% Percentage is calculated using total number of participants in FA population in that group as a denominator (n/N × 100).
*Clopper–Pearson exact confidence interval.
**Fisher’s exact test.
AE, adverse event; FA, full analysis

only one event of pain and swelling categorized as
severe. None of the local solicited events were
ongoing beyond the 5-day solicitation period.
Systemic AEs were less commonly reported and
occurred more frequently in the vaccine recipients than placebo recipients; 87 participants
(27.9%) in the vaccine group and 27 participants
(17.3%) in the placebo group reported at least
one solicited systemic adverse event. The most
common were tiredness and headache, reported
by 17.0% and 15.1% participants, respectively, in
the vaccine group. In the placebo group, 12.2%
participants reported headache, and 10.3% participant reported tiredness. The incidence of all
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other solicited systemic symptoms was less than
10% in both study groups. The majority of these
symptoms were mild and moderate in intensity,
with only four participants in the vaccine group
and none in the placebo group reporting grade 3
(severe) systemic reactions within 5 days of vaccination. All solicited systemic symptoms resolved
within 5 days, with only one episode of headache
and muscle aches in the vaccine group and one
episode of tiredness in the placebo group that continued beyond the solicitation period of 5 days.
Unsolicited AEs were analyzed through 21 days
post vaccination. A total of 56 (12.0%) participants experienced 68 unsolicited events during
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the specified period. The incidence of unsolicited
AEs was similar for the two groups, with 41
(13.1%) participants reporting 52 events in the
vaccine group and 15 (9.6%) participants reporting 16 events in the placebo group. The most frequently reported unsolicited AE in the vaccine
group was respiratory tract infection [7 (2.2%)
participants in the vaccine group and 1 (0.6%)
participant in the placebo group]. All the unsolicited AEs recovered before the 90-day contact with
the participant. The majority of the events were
mild to moderate, with only once case of vomiting
in the vaccine group reported as grade 3 (severe).
No life-threatening unsolicited event was reported
in the study. All the events except for three (one
case each of vomiting, pharyngitis, and muscle
spasms) in the vaccine group and one case of dizziness in the placebo group were considered unrelated to the vaccination by the investigators.

split, inactivated influenza vaccine produced by
Institute Torlak, Serbia, with the aim of generating data to support licensure of the vaccine for
adults 18–65 years of age.

Serious AEs were recorded for 90 days after vaccination. During this period, a total of two (0.4%)
participants reported SAEs. These cases occurred
between days 21 and 90 post vaccination in the
vaccine recipients and included one case each of
acute lymphocytic leukemia and varicocele. Both
were deemed as not related to the vaccine by the
investigator. The case of varicocele was resolved at
the time of last contact, whereas the disease of
acute lymphocytic leukemia was still ongoing. A
pregnancy was reported during the follow up period
in a placebo recipient. This participant was followed-up for the outcome of the pregnancy, which
was uneventful with the mother delivering a healthy
baby without any congenital malformation.
Therefore, this was not considered and reported as
a SAE. No deaths were reported in this study.

The immunogenicity assessment employed the
HAI assay, which is an established correlate of protection for influenza. The trial results indicate that
the vaccine is capable of eliciting robust immune
responses, both in naïve participants as well as in
those previously primed by infection or prior vaccination as assessed by baseline HAI titers.

Discussion
Vaccination is currently the most effective means
of preventing influenza. However, global influenza
vaccine coverage is low and vaccine production
capacity is concentrated mostly in industrialized
countries. In addition to assuring supplies, local
production of vaccines also supports socioeconomic development, controls cost, and enhances
national vaccine security and preparedness towards
early response in case of local epidemics.11
This phase III study was conducted with the objective to further investigate and confirm the safety
and immunogenicity profile of seasonal trivalent

journals.sagepub.com/home/tav

The vaccine was shown to be safe and well-tolerated in adults. The reactogenicity profile observed,
particularly the frequency and severity of solicited
and unsolicited adverse events, is similar to those of
previously licensed inactivated seasonal influenza
vaccines and was in line with the results obtained in
the phase I study. Reported local reactions were
mostly mild and of short duration, as normally seen
after licensed influenza vaccinations.12–15 Systemic
AEs were not commonly reported, and most of
them were mild to moderate and of short duration.
Severe cases were rare. None of the SAEs observed
during the follow up was considered by the investigators to be related to the study vaccine.

The high rate of participants with elevated prevaccination titers to the B strain (approximately
half of the participants tested) and for the H1N1
strain (approximately one-third of the participants tested) exhibiting seroprotective titers at
baseline was in line with a recent publication that
provides surveillance data for influenza disease in
Serbia from the years 2009 to 2015, showing that
A viruses were predominant in the first two seasons (2010/11 and 2011/12), with A/H1N1pdm09
in the 2010/11 season; A/H3N2 in the 2011/12
season and B viruses predominant in the 2012/13
season, where both A/H3N2 and A/H1N1 pdm09
were also present.16 Our study findings, which
also showed that 18% of the participants in the
placebo group also seroconverted by day 22, suggest that influenza B infection was ongoing at the
time of the study. However, recent data from
WHO FLUNET (a global web-based tool for
influenza virological surveillance) shows influenza circulating predominately from December
2016 (week 50) to early January (week 4) 2017
with prevalence of A/H3N2 and absence of influenza B activity during the study period, which did
not corroborate our observation.17
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The immunogenicity criteria required for licensure by the EMA for seasonal vaccines with regard
to seroconversion (>40%), seroprotection (>70%),
and GMT increase (GMFR > 2.5) were met
convincingly.
An exploratory analysis of the immune response
in the two age groups of 18–44 years and 45–65
years showed similar immune responses for H1
and H3 antigens. Further testing needs to be
conducted in other populations, anticipating that
different responses to the vaccine may occur in
response to administration in children, pregnant
women, or in individuals with health problems
(e.g. immune deficiency, diabetes, chronic renal
disease, etc.).
The study also evaluated the immunological
response in participants with or without preexisting antibodies. The vaccine showed good
response in both the groups. In conclusion, the
tested seasonal, trivalent influenza vaccine was
shown to be safe and well tolerated and induced
high levels of seroconversion and seroprotection
rates in immunologically naïve populations and
those with pre-existing HAI antibodies to all
three strains tested.
The immune response of the vaccine was similar
across the age groups of 18–44 years and 45–65
years for H1 and H3 antigens. These clinical data
provide convincing evidence that it is feasible to
produce safe and immunogenic influenza vaccine
locally.
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