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 2 

Abstract 35 

Live attenuated influenza vaccine (LAIV) offers the promise of inducing a variety of immune 36 

responses thereby conferring protection to circulating field strains. LAIV’s are based on cold 37 

adapted and temperature sensitive phenotypes of Master Donor Viruses (MDV’s) containing the 38 

surface glycoprotein genes of seasonal influenza strains. Two types of MDV lineages have been 39 

described, the Ann Arbor lineages and the A/Leningrad/17, B/USSR/60 lineages. Here the 40 

safety and immunogenicity of a Madin Darby Canine Kidney - cell culture based, intranasal LAIV 41 

derived from A/Leningrad/17 and B/USSR, was evaluated in healthy influenza non-naive 42 

volunteers 18-50 years of age. In a double-blind, randomized, placebo-controlled design, single 43 

escalating doses of  1.105, 1.106, or 1.107 tissue culture infectious dose 50% (TCID50) of vaccine 44 

containing each of the three influenza virus re-assortants recommended by the World Health 45 

Organisation for the  2008-2009 season were administered intranasally. A statistically 46 

significant Geometric Mean Increase in Haemagglutination Inhibition titer was reached for 47 

influenza strain A/H3N2 after immunization with all doses of LAIV. For the A/H1N1 and B 48 

strains, the GMI in HI titer did not increase for any of the doses. Virus Neutralisation antibody 49 

titers showed a similar response pattern.  A dose response effect could not be demonstrated 50 

for any of the strains, neither for the HI antibody nor for the VN antibody responses. No 51 

influenza like symptoms, no nasal congestions, no rhinorrhea, or other influenza related 52 

upper respiratory tract symptoms were observed. In addition, no difference in the incidence 53 

or nature of adverse events were found between vaccine and placebo treated subjects. 54 

Overall, the results indicated that the LAIV for nasal administration is immunogenic (i.e. able 55 

to provoke an immune response) and safe both from the perspective of the attenuated virus 56 

and the MDCK cell line from which it was derived, and it warrants further development. 57 

58 
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1. Introduction 59 

 60 

Influenza is an infectious disease caused by the influenza virus and associated with 61 

considerable morbidity and mortality. The widely used parenterally administered inactivated 62 

influenza vaccines induce serum antibody responses effectively preventing influenza illness 63 

when circulating strains are antigenically matched to the vaccine. In contrast, live attenuated 64 

influenza vaccines (LAIVs), administered intranasally and hence mimicking  natural infection, 65 

induce both local and systemic humoral and cellular immune responses conferring protection to 66 

matched and drifted strains [1]. In addition,  the needle free application of LAIVs may lower the 67 

threshold  for acceptance and thereby increase the  influenza vaccine coverage.  68 

To date, LAIVs are licensed in the US (since 2003), Europe (since 2010) and in Russia 69 

(since the 1980s). Th Russian LAIV is recently being registered for use in India and Thailand [2]. 70 

LAIVs are based on attenuated influenza A and B master donor viruses (MDVs) developed 71 

independently, but in essentially the same way, in the US and Russia in the 1960’s [3,4]. The 72 

MDVs contain mutations in multiple gene segments rendering them cold-adapted (ca), 73 

temperature sensitive (ts) and attenuated (att) [5-9]. The surface glycoproteins haemagglutinin 74 

(HA) and neuraminidase (NA) of contemporary strains are incorporated into these MDVs by re-75 

assortment. Their ca and ts nature indicates that LAIVs replicate at low temperatures (25C), 76 

and stop replicating at higher temperatures (37C) limiting replication to the upper respiratory 77 

tract. Compared to the MDVs used in the US (FluMist®), the Russian MDVs contain less 78 

mutations which are present at different sites of the gene segments [9], suggesting that they 79 

may be less or differently attenuated. Direct comparison in animals and man suggested that the 80 

Russian MDV and a single strain re-assortant derived thereof were more immunogenic that the 81 

FluMist equivalents [10-12]. 82 

Over the years Russian LAIVs have been safely administered to about more than 75 83 

Million people and have been shown to be safe with respect to attenuation (genetic stability) and 84 

transmission[13-17]. Reversion to virulence (loss of the attenuated phenotype) has never been 85 

observed and is highly unlikely to occur as it would require reversion of multiple mutations in 86 
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more than one gene segment. Neurovirulence of Russian LAIV viruses has never been 87 

observed and both MDVs and re-assortants derived thereof were shown not to have 88 

neurovirulent properties [18]. Following administration of a LAIV, self-limiting flu-like symptoms 89 

(runny nose, nasal congestion, sore throat, cough, headache and low grade fever) may be 90 

experienced but there are no reports of serious adverse events associated with LAIVs. 91 

In addition to being safe, LAIVs have been shown to be efficacious in protection against 92 

illness caused by influenza virus infection [1]. Immunity induced by LAIVs is broad and has been 93 

shown to protect against drifted strains [19]. In children particularly, LAIVs were shown more 94 

effective in clinical protection and/or protection against culture confirmed influenza than 95 

inactivated influenza vaccine [20-24] and also has been shown to  confer herd immunity [25-27].  96 

Like inactivated influenza vaccines, Russian LAIVs and FluMist are produced using 97 

commercial embryonated chicken eggs, with its own inherent disadvantages. Theoretically, cell 98 

culture production of influenza vaccines offers important advantages such as consistency and 99 

flexibility in production, independency of egg supply and maintenance of chicken flocks, reduced 100 

risk of microbial contamination (reduced risk of  contaminated substrate and during inoculation 101 

and harvest), a more homogenous viral yield and amplification of viruses that do not amplify well 102 

in eggs [28, 29]. Therefore, attempts have been made to transfer production from eggs to cell 103 

culture. While cell culture derived inactivated influenza vaccines (egg isolated influenza viruses 104 

adapted/optimized for growth in cell culture) are licensed in Europe (2007) and the US (2012), 105 

and recently (2013) a recombinant vaccine produced in insect cells has been licensed in the US, 106 

only a very small fraction of the influenza vaccines on the market is cell culture derived. Scale-107 

up and consistent manufacturing of influenza vaccine using cell culture production systems in 108 

combination with classical purification methods may be cumbersome in practice [30].  109 

In this paper, we present data from a clinical study on safety and immunogenicity of an LAIV 110 

based on the Russian MDVs. This LAIV was produced using Madin Darby Canine Kidney 111 

(MDCK) cells as a substrate using a manufacturing process that was designed for routine large 112 

scale cell culture production. The study was conducted as a double blind, randomized, placebo 113 

controlled study in healthy adult volunteers. 114 
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2. Materials and Methods 115 

 116 

2.1. Study Design 117 

This study was conducted from February to October 2009 at the Centre for the Evaluation of 118 

Vaccination, Antwerp, Belgium. A double-blind, randomized, ascending single-dose placebo-119 

controlled design was used. Subjects were randomized according to a computer generated 120 

randomization schedule. Randomization was stratified by age (18-34 vs. 35-50 years). 121 

Belgian health authority and ethics committee approval was obtained before the trial was 122 

started. The trial was conducted in accordance with the ethical principles of the Declaration 123 

of Helsinki and the International Conference on Harmonisation (ICH) regulatory requirements 124 

for Good Clinical Practice (GCP). 125 

 126 

2.2. Participants 127 

All participants gave voluntary, written informed consent before enrollment. The main 128 

inclusion criteria were: men or women in good health based on relevant medical history, 129 

physical examination, vital signs, ECG, BMI and routine clinical laboratory tests, between the 130 

ages of 18 and 50 years (boundaries included). For women of childbearing potential, consent 131 

was required for a negative pregnancy test and willingness to use effective contraceptive 2 132 

months prior, during and for 2 months after stopping the trial. The main exclusion criteria 133 

were: a nasal cold or obstructions in the nasal cavity that could interfere with administration 134 

of the study vaccine; history of any clinically significant infectious disease within 4 weeks 135 

prior to drug administration; positive for hepatitis B surface antigen, hepatitis C antibodies or 136 

HIV; recent influenza vaccination (within 6 months); indicated or suspected influenza illness 137 

in the 6 months prior to dosing; allergic reactions/hypersensitivity to vaccine constituents; 138 

Immunocompromised subjects or subjects with immunocompromised household contacts; 139 

donation of blood within 90 days; administration of blood products or immunoglobulins (within 140 

6 months); participation in another clinical study (within 30 days); known history of Guillain-141 

Barré Syndrome. 142 
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2.3  Vaccines and viruses 143 

Re-assortant seasonal-Leningrad/17 (H3N2 and H1N1) and re-assortant seasonal-144 

B/USSR/60 LAIV viruses were generated by co-infection of MDCK cells (ATCC CCL34) with 145 

egg derived seasonal wildtype influenza strains (A/Brisbane/59/2007 H1N1, 146 

A/Brisbane/10/2007 H3N2 and B/Florida/4/2006) obtained from NIBSC and amplified under 147 

GMP, and Leningrad/17 or B/USSR/60 Master Donor Viruses (MDV’s) [8] respectively 148 

(Supplementary data 2.3). The re-assortant viruses were cloned and characterised by RFLP 149 

and sequence analysis prior to use [9, 31-34].  150 

 151 

2.4 Study procedures 152 

The study consisted of three escalating dose cohorts. In each cohort of 40 subjects, 153 

subjects were randomized to receive either placebo (10 subjects) or vaccine (30 subjects), 154 

Doses of 1.105, 1.106, or 1.107 tissue culture infectious dose 50% (TCID50) of each of the 155 

three influenza virus re-assortants were used in the consecutive cohorts with the lowest dose 156 

used in the first cohort. The escalation to the next higher dose was dependent upon the 157 

review of clinical safety data until Day 10 from the proceeding cohort.  158 

Vaccine was administered intranasally as a single dose consisting of 0.2 mL with 0.1 159 

mL delivered in each nostril. Subjects were observed for 60 minutes after immunization and 160 

were given diary cards to record the occurrence of solicited and unsolicited 161 

post-immunization reactions up to Day 10 and adverse events (AEs) up to Day 29 and SAEs 162 

until Day 180. Solicited post immunization reactions included runny nose, nasal congestion, 163 

sneezing, fever (i.e., temperature >38C), chills, headache, tiredness, muscle aches/joint 164 

pain, cough, sore throat, nausea and vomiting. these were graded from 0 to 3, where '0' 165 

represented "absent" and 3 represented "prevents normal activity". Temperatures were taken 166 

orally by the subjects themselves.  167 
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Blood samples were collected on Day 1 (pre-dose) and Day 29 for serology. Nasal 168 

swabs were taken for assessment of virus secretion on Day 3 and 10 after vaccine 169 

administration. 170 

 171 

2.5 Serology  172 

Blood samples from individual subjects were allowed to clot for at least 30 minutes at 173 

ambient temperature and centrifuged for 10 minutes at 2500 x g. Collected serum samples 174 

were stored at -20oC. Antibody titres against HA were determined by a haemagglutination 175 

inhibition (HI) assay in duplo, or virus neutralisation assay in triplo [35]. Both assays were 176 

validated according to the appropriate compendial methods. In all tests the appropriate virus, 177 

serum and/or reagent controls were included to guarantee standard assay performance and 178 

to allow inter test run comparisons (Supplementary data 2.5). 179 

 180 

2.6  Titration of Nasal swabs. 181 

 Presence of vaccine virus in nasal swabs was determined by standard titration methods 182 

on MDCK cells [35]. In brief, 10-fold serial dilutions in quadruplicate of the nasal swab were 183 

made in standard culture medium and incubated on confluent monolayers of MDCK cells. 184 

After incubation at 37C for 1 hour the cells were washed and cultured for 6-7 days at 32C in 185 

the presence of 5% CO2. Virus propagation in the wells was read by screening for 186 

agglutination of turkey red blood cells and expressed as TCID50/ml. 187 

 188 

2.7  Data analyses 189 

Immunogenicity analyses were performed on all subjects who received study vaccine 190 

and did not have protocol violations that could interfere with immunogenicity endpoints. 191 

Hemagglutination Inhibition (HI) titers at baseline and Day 29 and the Day 29 to baseline 192 

ratio of HI titers, i.e., the increase from baseline, were analyzed. This was done separately 193 

for each strain, age stratum and dose group. Subjects who received placebo were pooled 194 
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over the three cohorts. The age stratum definition was based on the approximate midpoint of 195 

the allowed age-range in the study. 196 

The primary immunogenicity endpoint was the increase from baseline in HI titer. This 197 

endpoint was analyzed separately for each strain, using an analysis of covariance 198 

(ANCOVA) for the log-transformed increase from baseline with factors for dose and age 199 

stratum and a covariate for the log-transformed baseline titer. The (adjusted) geometric mean 200 

increase was estimated based on the model for each strain. 201 

Secondary immunogenicity endpoints included the percentage of subjects with sero-202 

protection (i.e., an HI titer ≥40) at Day 29 and sero-conversion (i.e., either a pre-immunization 203 

HI antibody titer <10 and a post-immunization titer ≥ 40 or a pre-immunization HI antibody 204 

titer ≥ 10 and a fourfold increase in titer).  205 

VN titers were analyzed using similar methods as described for HI titers. For all 206 

assays, values below the detection limit were replaced by half that limit (e.g., an HI titer <10 207 

was replaced by 5). All comparisons were performed at a two-sided 5% significance level. No 208 

correction for multiple testing was made because of the exploratory character of this study. 209 

Since no assumptions were available for the primary endpoint at the time of study 210 

design, the sample size was based on the secondary endpoint of sero-protection. A total of 211 

24 subjects per vaccine group would provide 90% power to detect a monotone dose-212 

response relationship, assuming 0% sero-protection in the placebo group and (at least) 50% 213 

sero-protection in the highest dose group [36]. In order to account for drop-out, 30 subjects 214 

were to be randomized. 215 

216 
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Results 217 

 218 

3.1  Demographic and Baseline Characteristics 219 

A total of 117 subjects (32 men and 85 women) between the ages of 19 and 50 years 220 

(68 subjects in the 18-34 year stratum and 49 in the 35-50 year stratum) were enrolled.  All 221 

117 subjects were immunized and completed the study.  A total of 115 subjects were 222 

Caucasian, one Asian and one Black or African American. The distribution of age, sex, 223 

gender and BMI was similar between the active and placebo groups. The overrepresentation 224 

of women compared to men was not expected to have an effect on the study outcome. 225 

All 117 subjects were included in the all subjects treated set and also in the per protocol set., 226 

since there were no protocol violations interfering with the immunogenicity. The content of 4 227 

of the 9 influenza virus doses administered was slightly out of the pre-set specifications. The 228 

intended dose per vaccine group as well as the estimated actual dose at the moment of 229 

administration are presented in Table 1.   230 

 231 

3.2  Immunogenicity 232 

 No statistically significant difference in mean placebo HI response among the cohorts 233 

was detected in each of the three strains (data not shown). Therefore the subjects in the 234 

placebo groups of the three cohorts were taken together in one placebo group in all 235 

analyses. Geometric mean HI titers (GMT) are presented for each strain, assessment and 236 

dose group in Table 2. For each strain, the baseline GMTs were similar among the four 237 

groups. Baseline GMTs for both influenza A strains varied from 19 to 35. For influenza B, 238 

baseline GMTs were remarkably high (106–133). Geomtric Mean Increases (GMI) adjusted 239 

for baseline HI titer and age stratum, as per primary analysis, are presented in Table 2. As 240 

expected, the GMIs for the placebo group were close to 1 for all three strains. A GMI in HI 241 

titer from pre-immunization to Day 29 of 2.3–2.4 was reached for strain A/H3N2 for the 105, 242 

106 and 107 TCID50 dose groups (actual content at time of immunization 105.7, 105.7 and 106.3 243 
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TCID50, respectively). These increases from baseline were statistically significant for all dose 244 

groups. For the A/H1N1 and B strains, the GMI did not exceed 1.3 for any of the doses 245 

(Table 2). Overall GMI per vaccine group and per dose are provided in Supplementary data 246 

table 1. 247 

When the dose-response relationship was investigated using either the planned or 248 

the actual vaccine content, no statistically significant linear trend was detected among the 249 

active dosages for the increases in HI titer. For the two influenza A strains, the GMI was 250 

higher in the younger age stratum (18–34 years) than in the older age stratum (35–50 years), 251 

for all dose groups except the A/H1N1 107 TCID50 dose group (Supplementary data table 1). 252 

For the B strain, the GMIs were low and similar for both age strata.  253 

Percentages of seroprotection were already high (31 to 52 %) at baseline for the A 254 

strains and > 69% for the B strain (Table 2; supplementary data table 2). The seroprotection 255 

rate increased for the A/H3N2 strain to reach rates of 62–72% at Day 29 in the three dose 256 

groups and for the placebo group the seroprotection rate at Day 29 was similar to baseline 257 

Table 2. For A/H1N1, seroprotection rates slightly increased in all vaccine dosed groups to 258 

levels of 38 and 55% and declined in the placebo group. For the B strain, a slight increase in 259 

seroprotection was seen at the 105 and 107 TCID50 vaccine group as opposed to a slight 260 

decrease in the 106 TCID50 and placebo groups. The percentage of subjects with 261 

seroconversion was very low for vaccine strains A/H1N1 and B, ranging from 0% to 7% in all 262 

dose groups. For the A/H3N2 strain seroconversion was above 30% in all dose groups but 263 

did not reach > 40% in any one of them. For all three strains, no seroconversion occurred in 264 

the placebo group. 265 

GMT and GMI for VN antibodies adjusted for baseline VN titer and age stratum are 266 

presented for each strain, assessment and vaccine group in Table 3. For each strain, the 267 

baseline GMTs were similar among the vaccine groups. Baseline GMTs for strain A/H1N1 268 

were lowest, i.e., between 9.4 and 12.2, baseline GMTs for strain A/H3N2 were between 269 

28.2 and 39.8 and for strain B between 41.6 and 47.2. VN titers and geometric mean 270 

increase  showed a similar response pattern as HI titers. For strain A/H3N2 a GMI in VN titer 271 
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of 1.33, 1.47 and 1.53 was reached for the 105, 106 and 107 TCID50 dose groups, 272 

respectively. These increases were all statistically significantly greater than 1. For strains 273 

A/H1N1 and B, the GMI in VN titer was close to 1 for all dose groups. For none of the strains, 274 

statistically significant differences were found between the three dose groups. 275 

Correlations between the different immune responses induced after vaccination were 276 

investigated using the log-transformed ratios (post-immunization titer/pre-immunization titer) 277 

for each parameter. HI and VN antibody titer ratios were statistically significantly correlated 278 

(p<0.001) for strains A/H3N2 and B.  279 

 280 

3.3  Safety   281 

Vaccination was generally safe and well tolerated (Table 4). There were no deaths or 282 

discontinuations due to AEs. For one subject an SAE report was issued covering two events 283 

i.e., a deep venous thrombosis and bilateral pleuritis at 126 days post immunization, for 284 

which this subject was hospitalized. Both events were unlikely to be related to the vaccine 285 

and resolved 2 days later. Overall, 60% of subjects showed an AE in the first 4 weeks of the 286 

trial. The highest percentage was seen in the placebo group. Two subjects in the 105 TCID50 287 

group experienced a severe possibly vaccine-related AE, i.e., headache and hyperesthesia 288 

at 11 days and 4 days post immunization, respectively. Both were reversible without 289 

sequelae. No clinically significant changes were seen in blood chemistry or hematological 290 

parameters except for four subjects, two in the placebo group and two in the 106 TCID50 291 

group, that had mild elevated hepatic enzymes that were considered unlikely related to the 292 

vaccine. Furthermore, no clinically significant changes were seen in vital signs or ECGs, in 293 

particular none of the subjects had a prolonged QTcF interval (>450 msec for males; 294 

>470 msec for females) at any time during the trial. 295 

Local and systemic reactions within the first 9 days after vaccine administration were 296 

actively solicited. Three subjects experienced reactions that prevented them from doing their 297 

normal activities, one subject of the 105 TCID50 dose group (nasal congestion, sore throat, 298 

runny nose) and two subjects of the 107 TCID50 dose group (both headache). These reactions 299 
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were reversible without sequelae. None of the subjects developed fever during the first 9 300 

days after immunization. Overall, the rates of reactions including influenza like symptoms, 301 

were similar for placebo and vaccine immunized subjects and were not clinically meaningful 302 

(Table 4). No dose response trend was detected.  303 

Nasal swabs were taken at Day 3 and Day 10 to investigate whether any live virus 304 

could be recovered from the nose. No virus was detected in any of the samples taken.  305 

306 
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3. Discussion 307 

 308 

Following vaccination with LAIV, no influenza like symptoms were observed in any of the 309 

subjects. In addition, no difference in the incidence or nature of adverse events were found 310 

between vaccine and placebo treated subjects. All together this indicates the vaccine is safe 311 

both from the perspective of the attenuated virus as well as the cell line. The latter is in line 312 

with the results found for intramuscular inactivated trivalent influenza vaccines derived from 313 

MDCK cells. recently licensed in the EU (EMA/592084/2012 EMEA/H/C/ 000758) and US 314 

(BL125408/0).  315 

Overall, the maximum virus dose applied for the LAIV in this study is more than 5-10 316 

fold below the levels for which reactogenicity has been reported for other cold adapted 317 

strains [36 and references therein). It was concluded in these reports that the vaccine is safe 318 

and well tolerated and hence that the maximum vaccine dose used is safe. In view of this 319 

and the serological response observed in the present study, it is advised to increase the dose 320 

to 7.5 TCID50 similar to  the Russian egg based equivalent. 321 

The Human Infective Dose 50% for live attenuated vaccine strains in influenza non-322 

naive  subjects was estimated at 5.5 TCID50 [37-41]. Clinical studies in Russia with egg 323 

derived vaccine variants have evidenced virus replication in nasal swabs taken after 324 

vaccination [15]. In our study, no virus was recovered from nasal swabs taken at Days 3 and 325 

10 post dosing, suggesting limited and/or rapidly disappearing replication on the nasal 326 

mucosa. A genetic defect was excluded because the presence of the right ca/ts mutations, 327 

and the presence of the right HA and NA genes was proven by sequence analysis. 328 

Furthermore cell culture passaging of LAIV does not affect human cell tropism [42]. While the 329 

finding of “limited” replication contributes to the safety profile of the vaccine, some vaccine 330 

virus presence in subjects with low pre-existing antibody titers in the higher dose groups 331 

would have been appreciated to proof biological activity of the vaccine virus.  332 

In view of the results found here as well as the observations by others [38], earlier (1-333 

2 days post vaccination) and more frequent sampling, as well as the application of more 334 
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sensitive detection methods like PCR, is recommended for future studies to show virological 335 

activity of the vaccine virus on the nasal mucosa.  336 

A statistically significant GMI in HI titer of 2.3-2.4 was reached for influenza strain 337 

A/H3N2 after immunization with the doses of LAIV tested. For the A/H1N1 and B strains, the 338 

GMI in HI titer did not exceed 1.3 for any of the doses tested. VN titers showed a similar 339 

response pattern, i.e., a statistically significant increase in VN antibody titer for strain A/H3N2 340 

but not for strains A/H1N1 and B. Pre-vaccination serum antibody titers for H1N1 and B were 341 

considered high in all dose groups, but particularly for Influenza B. Although subjects were 342 

selected based on their influenza negative sero status prior to study start, a (subclinical) 343 

influenza infection prior to study start cannot be excluded, These high sero-protection rates 344 

may contribute to the absence of a response even in the higher dose groups. For H1N1 345 

however these mean pre-vaccination titers were lower and/or in the same range as for H3N2. 346 

Intrinsic differences in immunogenicity between the HA of H1N1 and H3N2 may explain why 347 

the H3N2 component did induce a significant response while H1N1 did not. Indeed, the fact 348 

that in LAIVs, all internal genes of the H1N1 and H3N2 virus are derived from the same MDV 349 

and that only the surface glycoproteins (HA and NA) are derived from seasonal strains, 350 

suggests that the epitope make-up of the surface glycoproteins are critical determinants in 351 

the magnitude of the serum antibody response. Previously, low, non-protective antibody titers 352 

also have been observed with LAIV in children [43] and also there the H3N2 component of 353 

the vaccine seemed to induce a stronger antibody response than H1N1 [43]. Pro-354 

inflammatory cytokines and macrophages play an important role in building an immune 355 

response against influenza A [44] and differences observed in cytokine profiling might have 356 

explained the differences in responses observed. Human macrophage infection with H3N2 357 

but not with H1N1 viruses was associated with pronounced pro-inflammatory cytokine 358 

production and activation of relevant mitogen-activated protein kinase pathways. Additionally, 359 

evidence has been reported that seasonal H1N1 strains caused delayed and decreased 360 

apoptosis in comparison with H3N2 [45]. Micro array analysis demonstrated that elderly are 361 

less able to detect H1N1 viral and host epitopes [46]. These findings are in line with clinical 362 
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observations indicating enhanced disease severity in H3N2--infected patients compared to 363 

individuals infected with seasonal H1N1 [45, 47].  364 

A correlation between vaccine dose and serological response was not observed. This 365 

may be explained by the relative small range of vaccine doses tested, the actual relatively 366 

low vaccine virus titer at administration and more importantly the presence of pre-existing 367 

antibodies in all subjects confounding the response. In another study, even in influenza naive 368 

subjects using a single LAIV virus strain over a 1000 fold inoculum titer range did not 369 

demonstrate a clear correlation between vaccine dose and HI titer but the frequency of a 370 

seroresponse in the group was indicative of a dose response relation [37].   371 

In contrast to inactivated influenza vaccines, threshold levels for immunogenicity have 372 

not been established for LAIV [48]. More importantly the threshold levels for inactivated 373 

vaccines have been declared invalid for LAIV [48, 49]. This indicates that the immunogenicity 374 

findings in this study should not be interpreted in terms of the criteria defined for inactivated 375 

influenza vaccines. The results should in fact be interpreted in the context of whether the 376 

vaccine is able to provoke an immunological response. The LAIV studied is able to induce an 377 

immunological response as evidenced by the increase in GMI predominantly against the 378 

H3N2 component. It should be noted that the seroconversion rates found in this study 379 

against H1N1, H3N2 and B are similar to the seroconversion rates of refrigerator stable and 380 

frozen egg derived LAIV based on the Ann Arbor Master Donor Viruses [48, 50]. For Ann 381 

Arbor based LAIV clinical efficacy has been demonstrated in children and adults [1, 20, 51], 382 

but this efficacy cannot always be correlated to an antibody response or even a threshold in 383 

that response [1]. Therefore, the immunological response induced by LAIV is likely to  be 384 

wider than the measured serum antibody titers. The ability of the egg grown Russian 385 

seasonal counterpart of the current vaccine to induce cell mediate immune responses has 386 

been shown [52, 53]. In combination with the finding that egg and cell culture grown re-387 

assortants are equally able to infect human cells in vitro [42], it is justified to hypothesize that 388 

also the LAIV under study is able to induce similar responses. As is recommended by WHO it 389 
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is needed to determine additional immunological responses to vaccination (humoral and 390 

cellular) to find the right markers of protection for LAIV’s.   391 

In conclusion, the results obtained in the current study warrant further development of 392 

the vaccine at a higher dose of 107.5 TCID50. Studies with such a vaccine can only be 393 

conducted when the formulation procedure and dose determination assay’s (during 394 

manufacturing and storage) are accurate and precise for all strains and that the vaccine is 395 

safe at that dose. Ideally such a study should be conducted in elderly over 50 years of age 396 

followed by studies in children (3-17 years of age), preferable in influenza naive subjects to 397 

be able to show virus replication (culture and PCR) and immune response against all strains. 398 

Finding such a population is however challenging due to the epidemiology of influenza virus. 399 

True vaccine efficacy of live attenuated influenza vaccines can only be proven in clinical 400 

effectiveness studies involving large subject populations in an influenza season. In order to 401 

determine the correct immunological read-outs, Phase II studies are needed to calibrate 402 

humoral and cellular responses preferably against virus challenge in an attempt to find 403 

biomarkers for LAIV protection.  404 

405 
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