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Background.  We evaluated a Russian-backbone, live, attenuated influenza vaccine (LAIV) for immunogenicity and viral shed-
ding in a  randomized, placebo-controlled trial among Bangladeshi children.

Methods.  Healthy children received a single, intranasal dose of LAIV containing the 2011–2012 recommended formulation 
or placebo. Nasopharyngeal wash (NPW) specimens were collected on days 0, 2, 4, and 7. Reverse transcription polymerase chain 
reactions and sequencing identified the influenza virus (vaccine or wild-type). On days 0 and 21, blood specimens were collected to 
assess immunogenicity using hemagglutination inhibition, microneutralization, and immunoglobulin A (IgA) and G enzyme-linked 
immunosorbent assays (ELISAs); NPW specimens were also collected to assess mucosal immunogenicity using kinetic IgA ELISA.

Results.  We enrolled 300 children aged 24 through 59 months in the immunogenicity and viral shedding analyses. Among chil-
dren receiving LAIV, 45% and 67% shed A/H3N2 and B vaccine strains, respectively. No child shed A/H1N1 vaccine strain. There 
were significantly higher day 21 geometric mean titers (GMTs) for the LAIV, as compared to the placebo groups, in all immunoassays 
for A/H3N2 and B (log10 titer P < .0001; GMT Ratio >2.0). Among immunoassays for A/H1N1, only the mucosal IgA GMT was 
significantly higher than placebo at day 21 (log10 titer P = .0465).

Conclusions.  Children vaccinated with LAIV had serum and mucosal antibody responses to A/H3N2 and B, but only a mucosal 
IgA response to A/H1N1. Many children shed A/H3N2 and B vaccine strains, but none shed A/H1N1. More research is needed to 
determine the reason for decreased LAIV A/H1N1 immunogenicity and virus shedding.
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Developing influenza vaccines that prevent severe illnesses in 
children and that are programmatically suitable for use in low- 
and middle-income countries (LMICs) is a global priority [1, 2].  
Live, attenuated influenza vaccines (LAIVs) can potentially ad-
dress this need. The manufacturing and programmatic attri-
butes of LAIVs also make them desirable products for pandemic 

responses, with a total global production capacity of 500 million 
doses of pandemic LAIVs [3]. Head-to-head, randomized clin-
ical trials with inactivated influenza vaccines have demonstrated 
superior efficacy of LAIVs in young children against seasonal 
influenza [4, 5], although more recent observational studies have 
not shown this advantage [6–8]. Given these benefits, the World 
Health Organization (WHO) created a program to transfer the 
manufacturing capacity of Russian-backbone LAIV to devel-
oping country manufacturers to improve the access of LMICs to 
seasonal and pandemic influenza vaccines [9, 10].

There are currently 2 different LAIV technologies: (1) Ann 
Arbor–backbone (produced by AstraZeneca, United Kingdom), 
sold as FluMist and Fluenz; and (2) Russian-backbone (pro-
duced by NPO Microgen, Irkutsk, Russia, and Serum Institute 
of India), sold as Ultravac and Nasovac-S. Recently, the per-
formance of both LAIV technologies has been variable across 
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studies and countries [7, 11–13]. Some observational studies 
and laboratory analyses implicate the failure of the FluMist/
Fluenz influenza A/H1N1 component [6, 14].

In 2012, we conducted a Phase II, placebo-controlled, ran-
domized clinical trial (RCT) of the Russian-backbone LAIV in 
children in Bangladesh [15]. This publication reports on the sec-
ondary immunogenicity and vaccine-virus shedding objectives.

MATERIALS AND METHODS

Study Design

We conducted a Phase II, randomized, double-blind, paral-
lel-group, placebo-controlled RCT of LAIV among children in 
urban Dhaka, Bangladesh. This publication reports on these sec-
ondary objectives: (1) to determine the post-vaccination anti-in-
fluenza immunologic responses among children receiving LAIV 
and placebo; and (2) to determine the post-vaccination shedding 
of the vaccine viruses among children receiving LAIV and placebo.

Study Site and Participants

Children 24 through 59 months of age residing in the Kamalapur 
field site of the International Centre for Diarrheal Disease 
Research, Bangladesh (icddr,b), participated in this study. 
Inclusion and exclusion criteria and other aspects of the trial 
design have been described previously [15]. Generally, healthy 
children who were not participating in any other intervention 
studies and who did not have any contraindications to receipt of 
LAIV were eligible. All participants were influenza vaccine–naive.

Vaccine

The Serum Institute of India, Ltd. (SIIL) LAIV (Lot 166E2001), 
containing the 2011–2012 WHO-recommended Northern 
Hemisphere vaccine strains (A/California/7/2009 [H1N1] 
pdm09-like virus; A/Victoria/361/2011 [H3N2]-like virus; and  
B/Wisconsin/1/2010-like virus) and placebo (Lot E9001PCB), 
were donated by the manufacturer and stored at 2–8○C until the 
time of administration. The lyophilized study vaccine was recon-
stituted using sterile water diluent at the time of vaccination and 
0.25 mL was administered in each nostril (0.5 mL total) using a sin-
gle-use sprayer. Influenza A/H1N1 and A/H3N2 LAIV concentra-
tions were not less than 107.0 egg infectious dose 50% (EID50)/dose 
and the influenza B component was not less than 106.5 EID50/dose. 
The SIIL LAIV product is licensed for use as a single dose [16].

Randomization and Blinding

Randomization and blinding procedures have been described previ-
ously [15]. On the day of enrollment, following confirmation of eli-
gibility and obtaining parental/guardian consent, participants were 
randomized in a 1:1 ratio to receive a single dose of LAIV or placebo.

Clinical Specimens

We collected blood to assess serum immunogenicity and conducted 
nasopharyngeal washes (NPW) to assess mucosal immunogenicity 

and post-vaccination viral shedding. Enrolled participants had a 
blood sample and NPW specimen collected immediately prior to 
vaccination. Following vaccination, research assistants visited par-
ticipant homes daily for the first 7 days post-vaccination to mon-
itor safety outcomes. Participants had NPW specimens collected 
by study physicians on days 2, 4, and 7 to assess vaccine virus shed-
ding. We assumed that the presence of LAIV post-vaccination in-
dicated the vaccine virus infectivity. Participants returned to the 
study clinic 21 days following vaccination to have post-vaccination 
blood and NPW specimens collected.

NPW specimens collected on days 0, 2, 4, and 7 post-vaccina-
tion were tested for influenza virus (A/H1N1, A/H3N2, and B) 
by the icddr,b laboratory. Specimen RNA samples were tested 
using Centers for Disease Control and Prevention (CDC) real-
time reverse transcription polymerase chain reaction assays for 
influenza detection and characterization (procedures available 
upon request at www.cdc.gov/flu/clsis/). NPW aliquots from 
days 0 and 21 were shipped to the Geisel School of Medicine at 
Dartmouth College (Hanover, NH) for mucosal antibody deter-
minations and aliquots from days 0, 2, 4 and 7 were shipped to 
the Institute of Experimental Medicine (IEM; St. Petersburg, 
Russia) for further characterization of influenza viruses. Serum 
aliquots were shipped to the US CDC (Atlanta, GA) for serum 
antibody determinations. Endpoints in this RCT were based on 
recommendations by a WHO Consultation on Immunological 
Endpoints for LAIV Clinical Trials in 2009 [17].

Vaccine Virus Shedding Procedures

At IEM, day 0, 2, 4, and 7 NPW specimens that had tested pos-
itive by reverse real-time polymerase chain reaction for influ-
enza at the icddr,b laboratory were subsequently tested for 
LAIV virus strains. Wild-type and vaccine-type influenza virus 
genes were differentiated using Sanger sequencing, as described 
previously [18]. We refer to LAIV “detections” as laboratory evi-
dence of vaccine strains in clinical specimens, as determined by 
icddr,b and IEM analyses. Vaccine virus detection was assumed 
to be due to replication of LAIV in the oropharynx.

Mucosal Immunogenicity Procedures

At Dartmouth College, all NPW specimens from days 0 and 21 
were tested for vaccine immune responses. LAIV strain-spe-
cific immunoglobulin A (IgA) enzyme-linked immunosorbent 
assays (ELISAs) were used to measure vaccine immunogenicity 
against all 3 vaccine viruses. NPW specimens were tested by 
kinetic ELISA, using LAIV antigens, to measure strain-spe-
cific IgA, expressed as a fraction of the total specimen IgA, as 
described previously [19].

Serum Immunogenicity Procedures

At the CDC, all serum specimens from days 0 and 21 were tested 
for vaccine immune responses. Serum antibodies were measured 
by hemagglutination inhibition assay (HAI), microneutralization 
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(MN), and serum hemagglutinin immunoglobulin G (IgG) 
and IgA ELISAs against all 3 vaccine viruses (using wild type 
A/H1N1pdm09, A/H3N2, and B viruses for HAI and MN and 
recombinant hemagglutinin (HA) proteins for IgG and IgA 
ELISAs), according to methods described previously [20, 21].

Statistical Analyses

The sample size of 300 participants was driven by the safety 
objectives. Statistical analyses were performed using SAS V.9.3 
(Cary, NC). For immunogenicity, the per-protocol analysis 
population included participants who received the single dose 
of the study vaccine and had pre- and post-vaccination blood or 
NPW specimens collected within the protocol-defined periods.

The anti-influenza immunologic responses were measured 
according to immunoassay (serum HAI, microneutraliza-
tion, IgA, IgG, or mucosal IgA) and categorized by vaccine 
virus strain and study arm. Immune responses were parame-
terized according to (1) geometric mean titer (GMT) and (2) 
percentages and exact 95% confidence intervals (95% CI) of 
subjects with ≥4-fold rises from baseline. HAI measures were 
categorized by baseline serostatus, defined as titers <10 or ≥10. 
Differences in GMTs at day 21 post-vaccination between study 
groups were assessed using a Student t  test of the log magni-
tude of the immunogenicity response; unadjusted P values are 
presented. Vaccine virus detections were parameterized accord-
ing to the number and percentage of participants with detect-
able, vaccine-type virus shedding, both overall and according 
to post-vaccination day (ie, days 2, 4, 7), by vaccine allocation 
and virus strain. Agreement between immunoassays and virus 
shedding was assessed using correlation matrices and a Cohen’s 
Kappa statistic. We defined the strength of correlation by the 
absolute value of the Kappa coefficient: poor (0.00–0.20), fair 
(0.21–0.40), moderate (0.41–0.60), good (0.61–0.80), and very 
good (>0.80).

This study was approved by the icddr,b (Dhaka, Bangladesh), 
the Western Institutional Review Boards (Olympia, WA), the 
Committee for the Protection of Human Subjects at Dartmouth 
College (Hanover, NH), and CDC Human Subject Research 
Determination Review. The trial followed International 
Conference on Harmonization Good Clinical Practice guide-
lines and was registered with ClinicalTrials.gov (NCT01625689).

RESULTS

Participant Flow

We enrolled 309 children in the trial over 4 weeks from June 
to July 2012. There were 300 children eligible for participa-
tion, who were randomized to receive either LAIV (n = 150) 
or placebo (n  =  150; Figure  1). All participants remained in 
the study through the 21-day follow-up immunogenicity out-
come period. For the post-vaccination shedding analysis, we 
excluded results of 10 participants from 1 or more of the pre- or 
post-vaccination shedding assessments. There was 1 participant 

in the LAIV group who did not have a specimen collected on 
day 2 post-vaccination and there were 9 participants who had 
invalid results on days 0, 2, 4, or 7. There was 1 participant in 
the placebo group who had a 21-day post-vaccination specimen 
collected outside the window period, 33 days following vaccina-
tion, which was included in the analysis.

Baseline Characteristics

Baseline characteristics were reported previously [15]. All par-
ticipants were Bangladeshi and considered generally healthy. 
There were no differences in the proportion of participants in 
the LAIV and placebo groups by age, sex, stunting, or use of 
concomitant medications.

Immunogenicity Results

Among all children at baseline, 192 (64%), 215 (72%), and 
144 (48%) had pre-existing HAI titers ≥10 to the A/H1N1,  
A/H3N2, and B vaccine strains, respectively. LAIV and placebo 
groups were similar in baseline serostatus and prevaccination 
GMTs for each strain (Table 1). The primary immunogenicity 
outcomes of this study were serum HAI evaluations between 
vaccine groups (comparisons of GMT rise and 4-fold titer 
rise). The post-vaccination HAI GMT ratio of LAIV to pla-
cebo in participants with baseline seronegative status was 6.8 
(95% CI 3.8–12.5) for A/H3N2, 2.7 (95% CI 1.9–3.9) for B, 
and 1.1 for A/H1N1 (95% CI 0.9–1.4). The post-vaccination 
GMT ratio of LAIV to placebo in participants with baseline 
seropositive status was 1.6 for A/H3N2 (95% CI 1.3-2), 1.6 
for B (95% CI 1.2–2.1), and 1.4 for A/H1N1 (95% CI 1.1–1.8). 
Participants receiving LAIV had 4-fold rises in HAI titers for 
A/H1N1 (10.0%), A/H3N2 (32.7%), and B (40.0%), while par-
ticipants receiving placebo had 4-fold rises in HAI titers for  
A/H1N1 (4.0%), A/H3N2 (6.0%), and B (9.3%; Figure 2). When 
we assessed 4-fold rises in titers for IgG, IgA, and MN between 
vaccine groups, we found LAIV was significantly more immu-
nogenic for each vaccine virus (Figure 2).

The post-vaccination GMT ratio of LAIV to placebo by 
immunoassay and vaccine strains are in Table 1. There were sig-
nificantly higher day 21 GMTs for the LAIV group, as compared 
to the placebo group, in all serum and mucosal immunoassays 
for A/H3N2 and B, as measured by the t test of log10 titers (for 
each comparison, P < .0001, GMT ratio >2.0). Among immu-
noassays for A/H1N1, only the mucosal IgA GMT was signifi-
cantly higher than placebo at day 21 (P = .0465).

The percentage of participants in each study arm achieving 
4-fold rises in titers for each immunoassay or for any immuno-
assay is presented in Figure 2.

Viral Shedding Results

Prior to vaccination, no participants had evidence of the LAIV 
virus from NPW specimens. Within the week following vacci-
nation, 117 (78.0%) of LAIV recipients had evidence of at least 1 
detectable vaccine virus, including 68 (45.3%) for A/H3N2 and 
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101 (67.3%) for influenza B; however, no participants (0.0%) 
had evidence of influenza A/H1N1 (Table 2). There were 7 ad-
ditional LAIV recipients who had evidence of vaccine influenza 
A that was unsubtypable or inconclusive. There was 1 placebo 
recipient who had evidence at day 2 of vaccine-type influenza B, 
which did not persist to days 4 or 7. There were no other LAIV 
virus detections in placebo recipients during the study. Wild-
type influenza B/Victoria virus was detected in 1 LAIV recip-
ient, on day 7. Wild-type influenza B/Yamagata viruses were also 
detected in 3 participants in the placebo group, at days 0 (1), 2 
(1), 4 (1), and 7 (3).

Correlation Between Outcome Measures

There was moderate to good agreement (Kappa ≤0.73) be-
tween strain-specific serum immunoassay antibody responses 
(Table 3), particularly for A/H3N2. There was little agreement 
(Kappa ≤0.23) between strain-specific mucosal and serum an-
tibody responses, and little agreement (Kappa ≤0.33) between 
the strain-specific viral shedding and antibody responses.

DISCUSSION

In this Phase II RCT of 2012–2013 LAIV among young children 
in Bangladesh, immunologic assays yielded measureable results 
for the A/H3N2 and B components, but the response was uni-
formly low for the A/H1N1 component. Likewise, there was 
evidence for the infectivity of the A/H3N2 and B strains, but 
not for the A/H1N1 vaccine virus. While the protective mecha-
nisms induced by vaccination with LAIV are incompletely un-
derstood, the very limited measurable immunological responses 
in the assays against the A/H1N1 vaccine virus in this trial are 
concerning, particularly given the recent challenges identified 
with the Ann Arbor–backbone LAIV A/H1N1 component [7, 
9, 11, 14, 22, 23].

While LAIVs have no correlate of protection, higher HAI 
GMTs in children generally confer more clinical protection from 
influenza [24]. We detected significant HAI antibody responses 
among children who were seronegative and seropositive at base-
line, except for the H1N1-unexposed group. The post-vaccina-
tion HAI GMTs among seropositive children were 2–7 times 

Figure 1.  Participant flow. Abbreviation: LAIV, live, attenuated influenza vaccine. a1 specimen not collected and 1 invalid result. bExclusions due to invalid results.
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greater than among seronegative children. While a single dose of 
Ann Arbor or Russian LAIV has been shown to provide clinical 
protection against laboratory-confirmed influenza [12, 25, 26], 
it is possible that a series of 2 LAIV doses for vaccine-naive indi-
viduals would have been more efficacious. Increasing the pri-
mary vaccine series from 1 dose to 2 would introduce additional 
feasibility challenges to implementation in LMICs, however.

In a subsequent Phase III clinical-efficacy trial in the same 
Bangladesh community the following year (2013–2014), we 
demonstrated efficacy against laboratory-confirmed clinical 
influenza, with vaccine efficacy against all circulating strains 
of 41.0% (95% CI 28.0–51.6) and vaccine efficacy against vac-
cine-matched strains of 57.5% (95% CI 43.6–68.0; Table 4) [12]. 
In that study, we demonstrated a LAIV efficacy specifically 

Table 1.  Serum and Mucosal Immune Responses in Children Aged 24 Through 59 Months Receiving Live, Attenuated Influenza Vaccine or Placebo

Assay/Influenza Subtype Study Day LAIV Placebo
GMT Ratio, LAIV/

Placebo

n GMT 95% CI n GMT 95% CI Ratio 95% CI

Serum HAI (Baseline Titer <10)

  A/H1N1 Pre 55 5.03 4.97–5.09 53 5.00 5.00–5.00 1.0 1.0–1.0

Post 55 6.93 5.81–8.27 53 6.20 5.31–7.24 1.1 0.9–1.4

  A/H3N2 Pre 40 5.02 4.98–5.07 45 5.00 5.00–5.00 1.0 1.0–1.0

Post* 40 43.11 24.42–76.08 45 6.30 5.14–7.71 6.8 3.8–12.5

  B Pre 80 5.06 4.99–5.14 76 5.00 5.00–5.00 1.0 1.0–1.0

Post* 80 18.18 13.19–25.04 76 6.63 5.61–7.85 2.7 1.9–3.9

Serum HAI (Baseline Titer ≥10)

  A/H1N1 Pre 95 37.32 31.84–43.74 97 36.32 31.35–42.08 1.0 0.8–1.3

Post* 95 50.88 42.99–60.20 97 36.23 30.94–42.42 1.4 1.1–1.8

  A/H3N2 Pre 110 44.66 38.80–51.40 105 49.25 42.92–56.51 0.9 0.7–1.1

Post* 110 84.43 73.58–96.87 105 51.72 44.01–60.79 1.6 1.3–2.0

  B Pre 70 31.84 26.66–38.02 74 34.25 28.69–40.88 0.9 0.7–1.2

Post* 70 63.37 50.89–78.91 74 40.24 32.54–49.76 1.6 1.2–2.1

Serum MN (all)

  A/H1N1 (California) Pre 150 47.92 36.99–62.09 150 56.67 44.00–72.98 0.8 0.6–1.2

Post 150 62.87 47.82–82.67 150 58.34 45.46–74.87 1.1 0.7–1.6

  A/H3N2 (Perth) Pre 150 119.41 91.51–155.81 150 135.58 106.03–173.36 0.9 0.6–1.3

Post* 150 369.88 300.15–455.80 150 134.54 104.66–172.94 2.7 2.0–3.8

  B (Brisbane) Pre 150 15.44 12.60–18.93 150 15.66 12.77–19.21 1.0 0.7–1.3

Post* 150 48.95 38.52–62.21 150 17.46 14.15–21.56 2.8 2.0–3.9

Serum IgA (all)

  A/H1N1 (California) Pre 150 183.19 152.36–220.26 150 221.40 187.99–260.75 0.8 0.6–1.1

Post 150 267.59 219.54–326.14 150 217.35 183.85–256.95 1.2 1.0–1.6

  A/H3N2 (Perth) Pre 150 144.73 124.18–168.67 150 143.40 122.97–167.22 1.0 0.8–1.3

Post* 150 338.70 286.82–399.97 150 142.73 122.13–166.81 2.4 1.9–3.0

  B (Brisbane) Pre 150 129.53 112.16–149.60 150 136.92 117.62–159.39 0.9 0.8–1.2

Post* 150 376.68 317.98–446.21 150 145.40 124.55–169.73 2.6 2.1–3.3

Serum IgG (all)

  A/H1N1 (California) Pre 150 4145.12 3209.80–5353.00 150 5103.26 4075.14–6390.78 0.8 0.6–1.1

Post 150 5916.51 4663.22–7506.65 150 5103.26 4070.59–6397.91 1.2 0.8–1.6

  A/H3N2 (Perth) Pre 150 3867.53 3056.54–4893.71 150 4986.68 4130.67–6020.08 0.8 0.6–1.0

Post* 150 10640.00 9392.35–12 053.4 150 5079.70 4224.08–6108.64 2.1 1.7–2.6

  B (Brisbane) Pre 150 2120.99 1691.42–2659.66 150 2211.07 1768.15–2764.93 1.0 0.7–1.3

Post* 150 9051.01 7931.98–10 327.9 150 2358.84 1868.50–2977.85 3.8 2.9–5.0

Mucosal IgA (all)

  A/H1N1 (California) Pre 150 0.48 0.39–0.59 150 0.51 0.41–0.64 0.9 0.7–1.3

Post* 150 0.61 0.48–0.76 150 0.43 0.34–0.55 1.4 1.0–1.9

  A/H3N2 (Perth) Pre 150 0.58 0.48–0.71 150 0.55 0.44–0.67 1.1 0.8–1.4

Post* 150 1.14 0.91–1.41 150 0.51 0.41–0.63 2.2 1.6–3.0

  B (Brisbane) Pre 150 0.41 0.33–0.51 150 0.37 0.29–0.48 1.1 0.8–1.5

Post* 150 0.82 0.64–1.05 150 0.40 0.31–0.52 2.0 1.4–2.9

Pre indicates a day 0 blood draw; post indicates a day 21 blood draw.

*= P <.05 for T Test log10 Titer, LAIV vs Placebo.

Abbreviations: CI, confidence interval; GMT, geometric mean titers; HAI, hemagglutination inhibition assay; IgA, immunoglobulin A assay; IgG, immunoglobulin G assay; LAIV, live, attenuated 
influenza vaccine; MN, microneutralization assay.
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against A/H1N1 of 50.0% (95% CI 9.2–72.5). The A/H1N1 
component and the manufacturing processes had not changed 
between the 2 study years, further emphasizing a lack of corre-
lation between standard immunologic measurements and vac-
cine efficacy for LAIV [27].

The only other published clinical-efficacy RCT of SIIL LAIV 
was from Senegal (Table 4) [12]. This Phase III trial was con-
ducted in 2013–2014, with a similar design to the Bangladesh 
Phase III trial. The same lot of lyophilized vaccines was used for 

both studies. Unlike the Bangladesh Phase III trial, the Senegal 
trial had a small subset of participants (68 LAIV and 32 pla-
cebo) enrolled in additional safety and shedding evaluations 
for the week post-vaccination. This trial failed to demonstrate 
a significant vaccine efficacy. As most confirmed influenza ill-
nesses were either A/H1N1 or a mismatched B-lineage virus, it 
was not possible to determine whether the lack of efficacy was 
a strain-specific effect or a broader vaccine effect in Senegal. 
The shedding component of the Senegal study demonstrated 

Table 2.  Vaccine Virus Detections in Live, Attenuated Influenza Vaccine Recipients Aged 24 Through 59 Months

Bangladesha

2012–2013
LAIV Group Vaccine Virus

Day 2
LAIV Group Vaccine Virus

Day 4
LAIV Group Vaccine Virus

Day 7
LAIV Group Vaccine Virus  

Any Day

Any vaccine strain 108/150 (72.0%) 97/150 (64.7%) 72/150 (48.0%) 117/150 (78.0%)

Vaccine A/H1N1 0/150 (0.0%) 0/150 (0.0%) 0/150 (0.0%) 0/150 (0.0%)

Vaccine A/H3N2 60/150 (40.0%) 50/150 (33.3%) 23/150 (15.3%) 68/150 (45.3%)

Vaccine B 89/150 (59.3%) 73/150 (48.7%) 59/150 (39.3%) 101/150 (67.3%)

Abbreviation: LAIV, live, attenuated influenza vaccine.
aThe vaccine used was the World Health Organization–recommended formulations for the Northern Hemisphere 2012–2013 season (A/California/7/2009 [H1N1] pdm09-like virus;  
A/Victoria/361/2011 [H3N2]-like virus; and B/Wisconsin/1/2010-like virus).

Figure 2.  Post-vaccination 4-fold rises, by assays and influenza vaccine strains. All data points shown are the proportion (%) out of 150. Risk difference is defined as the 
difference between LAIV and the placebo. Abbreviations: HAI,  hemagglutination inhibition assay; IgA, immunoglobulin A assay; IgG, immunoglobulin G assay; LAIV, live, 
attenuated influenza vaccine; MN, microneutralization assay.
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that all 3 vaccine strains were present in nasal swab specimens 
post-vaccination. Of LAIV recipients, 83% had evidence of at 
least 1 vaccine virus post-vaccination, including 52% with A/
H3N2, 66% with B, and 22% with A/H1N1. The circulating A/
H1N1 virus was well matched to the vaccine. The researchers 
were unable to identify a specific cause for the observed lack of 
efficacy.

Since 2014, observational influenza vaccine studies have 
identified decreased Ann Arbor–backbone LAIV effectiveness 
against A/H1N1. In 2016, the manufacturers of the Ann Arbor 
LAIV reported that the vaccine effectiveness of their product 
against A/H1N1 had decreased with increased storage tempera-
tures [28], and mutation in the WHO-recommended A/H1N1 
vaccine component could decrease the thermal stability of the 
strain [29]. However, replacement of the attenuated strain with 
a more thermal-stable virus did not improve vaccine effective-
ness. In 2015–2016, the CDC Influenza Vaccine Effectiveness 
Network measured no significant effectiveness of LAIV in chil-
dren, while inactivated influenza vaccines performed according 
to expectations [7]. This study and others done at the same time 
in North America and Europe implicated the A/H1N1 com-
ponent of the vaccine [6, 7]. AstraZeneca/MedImmune has 
described data relevant to several hypotheses that may explain 
the decreased vaccine effectiveness of LAIV, including reduced 

replicative fitness of the A/H1N1 component strains, vaccine 
virus interference, and differences in prior influenza vaccine re-
ceipt [14].

For the 2017–2018 season, AstraZeneca/MedImmune 
changed the A/H1N1 strain of its product from A/Bolivia to  
A/Slovenia. In July 2018, Public Health England reported LAIV 
vaccine effectiveness against A/H1N1 in children was 90.3% 
(95% CI 16.4–98.9%) [30].

While the Ann Arbor–backbone and Russian-backbone 
LAIVs are different products, they have some similarities. Both 
based the A/H1N1 vaccine component on the same wild-type 
virus during the time of the Bangladesh and Senegal studies, 
suggesting SIIL LAIV could have had similar thermal-stabil-
ity issues. However, the cold chain, vaccine reconstitution, 
and administration were carefully monitored during the 
Bangladesh and Senegal trials, and there were no significant 
temperature excursions [12, 13]. The potency of shelf-stocks 
of the vaccine had been assessed by the manufacturer, which 
found no cause for the discrepant 2013–2014 trial result. 
While some Senegalese children had received an influenza 
vaccine before and none of the Bangladeshi participants had, 
specific subset analyses in Senegal categorizing participants 
by prior vaccine exposure did not show any differences in 
vaccine effectiveness [13]. As with the Ann Arbor LAIV, it 
is possible that decreased replicative fitness or vaccine-virus 
interference were playing a role in the decreased vaccine per-
formance of the A/H1N1 component of the SIIL LAIV. SIIL 
has changed the influenza A/H1N1 seed virus, and the man-
ufacturer expects to have better replicative fitness and antige-
nicity in a trivalent/quadrivalent vaccine preparation (personal 
communication, Leena Yeolekar, SIIL,  [8  February 2018]).  
It has also embarked on a series of animal studies to explore 
the hypotheses that either vaccine interference or decreased 
fitness may have contributed to our findings (personal com-
munication, Leena Yeolekar, SIIL). A  large, clinical-efficacy 
RCT of SIIL LAIV vs an inactivated influenza vaccine is 
wrapping up in India and may provide further insight soon 
(CTRI/2015/06/005902).

Our study should be interpreted in the context of its limi-
tations. We studied the effect of 1 dose of Russian-backbone 
LAIV, as per product instructions [16]. A second dose, as is rec-
ommended in some countries for all vaccines for vaccine-naive 
children <9  years, may have improved vaccine performance. 
There were high rates of 2009 A/H1N1 infection documented 
in Bangladeshi children after the 2009 pandemic, suggesting the 
potential for preexisting immunity [31]; however, only 36% of 
participants had serological evidence of prior 2009 A/H1N1 ex-
posure, lower than serological evidence of exposure to the other 
vaccine components. None of the immunological or shedding 
evaluations we used are correlated with clinical protection. 
The absence of a detectable immune response or vaccine virus 

Table 3.  Correlations Among Post-Vaccination Immunoassays Achieving 
4-Fold Rise in Titer and Any Vaccine Virus Detections in LAIV Recipients 
Aged 24 Through 59 Months

Assay Comparison
(4-Fold Rise in Titer)

Kappa Coefficient

H1N1 H3N2 B

Serum immunoassay × serum immunoassay

  Serum HAI × serum IgA 0.185 0.382 0.098

  Serum HAI × serum IgG 0.139 0.597 0.141

  Serum HAI × serum MN 0.390 0.593 0.396

  Serum MN × serum IgA 0.228 0.370 0.294

  Serum MN × serum IgG 0.106 0.733 0.423

  Serum IgA × serum IgG 0.404 0.406 0.264

Mucosal IgA immunoassay × serum immunoassay

  Mucosal IgA × serum HAI −0.029 0.019 −0.006

  Mucosal IgA × serum MN −0.121 0.043 0.023

  Mucosal IgA × serum IgA −0.029 0.234 0.178

  Mucosal IgA × serum IgG −0.062 0.057 −0.007

Detected vaccine virus (any from days 2, 4, or 7) × serum immunoassay

  Detected virus × serum HAI 0.009 0.099 −0.048

  Detected virus × serum MN −0.022 0.219 0.147

  Detected virus × serum IgA 0.009 0.174 0.135

  Detected virus × serum IgG 0.046 0.232 0.331

We defined the strength of agreement by the absolute value of the Kappa coefficient: 
poor (0.00–0.20), fair (0.21–0.40), moderate (0.41–0.60), good (0.61–0.80), and very good 
(>0.80). Of 42 comparisons,  26 (62%) are poor (white box), 11 (26%) are fair (light grey 
box), 5 (12%) are moderate (medium grey box), and 1 (2%) is good or very good (dark box).

Abbreviations: HAI, hemagglutination inhibition assay; IgA,  immunoglobulin A  assay; 
IgG, immunoglobulin G assay; LAIV, live, attenuated influenza vaccine; MN, microneutral-
ization assay.
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post-vaccination does not necessarily equate with the absence 
of priming or a vaccine effect. Finally, we did not conduct po-
tency testing of unused vaccine doses from the trial.

The WHO has determined that there is an unmet global 
health need for influenza vaccines that prevent severe illness in 
young children and that are programmatically suitable for use 
in low-resource settings [2]. LAIVs have the potential to address 
this unmet need, but urgent efforts are required to understand 
and to correct possible problems seen with A/H1N1 compo-
nents in both vaccines in use today.
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