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Objective: Evaluate whether a guideline recommending Live Attenuated Influenza Vaccine (LAIV) for chil-
dren 2 years and older with asthma increased risks for lower respiratory events (LREs), within 21 or
42 days of vaccination, as compared to standard guidelines to administer Inactivated Influenza Vaccine
(IIV) in children with asthma.
Methods: This was a pre/post guideline retrospective cohort study of children ages 2–17 years with
asthma and receiving one or more influenza vaccines in two large medical groups from 2007 to 2016.
Both groups recommended IIV in the pre-period; in 2010, one group implemented a guideline recom-
mending LAIV for all children, including those with asthma. Main outcomes were medically attended
LREs within 21 and 42 days after influenza immunization. Analysis used a generalized estimating equa-
tion regression to estimate the ratio of rate ratios (RORs) comparing pre/post events between LAIV guide-
line and control group.
Results: The cohort included 7851 influenza vaccinations in 4771 children with asthma. Among patients
in the LAIV guideline group, the proportion receiving LAIV increased from 23% to 68% post-guideline
implementation, versus an increase from 7 to 11% in the control group. Age and baseline asthma severity
adjusted ROR showed no increase in LREs, primarily asthma exacerbations, following implementation of
the LAIV guideline: overall aROR (95% Confidence Interval): 0.74 (0.43–1.29) for LRE within 21 days of
vaccination, 0.77 (0.53–1.14) for LRE within 42 days of vaccination. For the subset of children ages 2–
4 years aROR: 0.92 (0.34–2.53) for LRE within 21 days of vaccination and 0.94 (0.49–1.82) for LRE within
42 days of vaccination; for children 5–18 years aROR (95% CI): 0.58 (0.26–1.30) for LRE within 21 days of
vaccination and 0.67 (0.37–1.23) for LRE within 42 days.
Conclusion: In a large cohort of children with asthma, a guideline recommending LAIV rather than IIV did
not increase LREs following vaccination.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction of pediatric asthma is 9%, children with asthma account for at least
Each year in the United States, among children younger than
18 years, there are an estimated 9.4 million influenza cases, result-
ing in 7.4 million outpatient visits and more than 300,000 hospital
days [1]. Children and adolescents with asthma are at increased
risk for influenza-associated morbidity. Although the prevalence
one-third of pediatric influenza hospitalizations [2]. Thus, children
with asthma have long been a priority group for influenza vaccina-
tion efforts [3,4].

Since 2003, two influenza vaccine formulations have been avail-
able in the United States: the inactivated influenza vaccine (IIV),
administered intramuscularly, and the live attenuated influenza
vaccine (LAIV), administered intranasally. Results from clinical tri-
als conducted prior to the 2009 H1N1 pandemic demonstrated
LAIV to have increased efficacy in children over IIV for prevention
of culture-confirmed influenza [5–7]. For several years, LAIV was
recommended by the Advisory Committee on Immunization Prac-
tices (ACIP) preferentially over IIV for otherwise healthy children
and adolescents. At the time, asthma and wheezing were listed
as a precaution both in the package inserts and the ACIP recom-
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mendations. Both IIV and LAIV are now recommended by ACIP
without preference for the 2018–19 influenza season.[8] However,
wheezing in children less than 5 years of age is listed as a con-
traindication and asthma in children older than age 5 as a precau-
tion because two studies showed increased risk of wheezing in
young children receiving LAIV as compared to IIV [5,9]. Other trials
failed to detect increased risks following LAIV [6,7,10,11]. To date,
post-marketing observational studies have not identified signifi-
cant increased risks for wheezing or other lower respiratory com-
plications following LAIV. These studies have shown protective
effects, although these may have been due to confounding by indi-
cation. In these observational studies patients receiving LAIV had
less severe asthma than those given IIV [12,13].

This study is based on the adoption of different guidelines for
LAIV in two medical groups. Starting in the 2010–11 influenza sea-
son, one large medical group, embedded within an integrated
health system, implemented a clinical guideline recommending
LAIV preferentially over IIV for all pediatric patients, including
those with asthma or a history of wheezing. Another large group
in the same health system continued recommending IIV for chil-
dren with asthma or recurrent wheezing. The goal of this study
was to evaluate the safety of the LAIV guidelinewith a specific focus
on risks for lower respiratory adverse events, following LAIV in chil-
dren and adolescents with asthma or history of recurrent wheezing.
2. Methods

2.1. Overview

We used a retrospective observational cohort using a pre-post
controlled design [14] to evaluate the safety of a clinical guideline
to administer LAIV preferentially over IIV for children and adoles-
cents with asthma or history of recurrent wheezing. Outcomes
were medically attended lower respiratory events (LREs), primarily
wheezing, and hospitalization within 21 and 42 days of vaccina-
tion. This study was approved by the HealthPartners Institutional
Review Board with a waiver of informed consent.

2.2. Setting

Data from this observational study came from two large similar
medical groups serving demographically similar populations pri-
marily in Minnesota, operating under independent clinical leader-
ship within a Minnesota-based nonprofit integrated health care
system. The LAIV guideline medical group switched its preference
for all children to LAIV in 2010 and included 21 primary care clin-
ics. The control medical group continued using IIV for children
with asthma throughout the study period and has 26 clinics. For
the 2007–08 through 2009–10 influenza seasons, both medical
groups recommended IIV for all children and adolescents with
asthma, consistent with national guidelines at the time [15]. Begin-
ning with the 2010–11 influenza season, the LAIV medical group
implemented a clinical guideline recommending LAIV preferen-
tially over IIV for all pediatric patients, including those with
asthma or a history of wheezing. In contrast, the standard of care
for the control group for the 2010–11 through 2014–15 influenza
seasons was to follow ACIP guidelines [4] and recommend IIV for
patients with asthma and for children 2 through 4 years of age
with a history of wheezing.

2.3. Study population

We included children and adolescents 2 through 17 years of age
during one or more influenza seasons from 2007 to 08 through
2014–15 with diagnoses of asthma or recurrent wheezing and
who received one or more influenza vaccines. To be included for
a given influenza season, subjects were required to have continu-
ous insurance enrollment for the period from one year prior to
immunization to 42 days after the immunization and have at least
one primary care or asthma related subspecialty encounter
(allergy, family medicine, internal medicine, pediatrics, pulmonary
medicine or urgent care). Asthma was defined as having at least
two asthma diagnoses on different days (ICD-9-CM codes 493.xx)
at outpatient, emergency department (ED), or inpatient visits, in
the 12 months prior to influenza vaccination. Children 2 through
4 years old with recurrent wheezing were required to have at least
two diagnoses on 2 separate days of 786.07 (wheezing), 786.09
(respiratory distress), 466.x (bronchiolitis), or asthma (493.xx) in
the 12 months prior to influenza vaccination. This definition was
used consistently in both groups in both pre- and post-periods.

We excluded subjects with contraindications for LAIV including
pregnancy, conditions associated with immune deficiency, malig-
nancy, cystic fibrosis, other chronic lung disease, neuromuscular
disease, organ transplant, kidney failure or autoimmune disease,
enteritis and colitis, rheumatoid arthritis and associated diseases,
identified through ICD-9-CM codes in medical record or adminis-
trative data within one year prior to influenza immunization. We
also excluded subjects with any hospitalization or ED visit or an
outpatient encounter for an LRE in the 42 days before influenza
vaccination to avoid counting continuation of care encounters.
See Fig. 1.

Subjects could be included in more than one influenza season if
they remained eligible based on the above inclusion and exclusion
criteria.

2.4. Exposure

Data from the 2007–08 through 2009–10 influenza seasons
were included in the pre-guideline period, and data from the
2010–11 through 2014–15 influenza seasons were included in
the post-guideline period. All children meeting inclusion criteria,
regardless of the influenza vaccine received, were analyzed in the
system in which they received the vaccine. Influenza vaccines
administered within the two medical groups were identified from
electronic health record-based immunization registries. For those
receiving two doses of the influenza vaccine in a single season, only
the first dose was included.

2.5. Outcomes

Acute, medically attended lower respiratory events (LREs), were
identified from inpatient, emergency, or outpatient visits through
the following ICD-9-CM codes: 466.x (acute bronchiolitis), 490
(bronchitis), 518.81, 518.82, 518.84 (acute respiratory failure),
519.11 (acute bronchospasm), and 786.00, 0.05–0.07, 0.09, 0.2,
0.52, and 0.59 (wheezing). Inpatient or emergency visits for
asthma (493.x) were included.

In addition, asthma diagnoses occurring in the outpatient set-
ting were included when classified as exacerbations by meeting
the following criteria: ICD9-codes: 493.x1 (asthma with status
asthmaticus) OR 493.x2 (asthma with exacerbation) OR 786.07
(wheezing) for children less than 5 years, OR nebulizer treatment
CPT 94640, OR prescription for oral corticosteroid. This algorithm
was validated using chart abstraction as the gold standard (algo-
rithm sensitivity 67% (95% CI: 54–80%), specificity 90% (95% CI:
81–99%)) [16]. All urgent care and ED visits and hospital admis-
sions with asthma diagnosis codes were considered exacerbations.

Predefined post-vaccination risk windows for outpatient visits
were 1–21 days and 1–42 days; for inpatient or emergency visits,
risk windows were 0–21 days and 0–42 days, consistent with
previous research [17,18]. Similar to previous studies, all-cause



Vaccinated Children 2-17 years old with 
Asthma

n=20,099
Children-Season

n=43,298

Vaccinated Children 2-17 years old with 
Asthma
n=4,771

Children-Season
n=7,851

Exclusionsa (total=35,447)
Membership requirementb: 30,704 (87%)

Diagnosesc: 150 (<1%)
Inpa�ent or emergency encountersd: 246 (<1%)

Pre-LREe: 4,347 (12%)

LAIV Guideline
Pre-guideline: n=2215
Post-guideline: n=3767

Standard Care Guideline
Pre-guideline: n=735

Post-guideline: n=1134

Fig. 1. Cohort eligibility flowchart. aAll exclusions are for children-season. bContinuous enrollment 1 year before and 42 days after index date with no more than a 30 day gap.
cDiagnoses in the year prior to index date (pregnancy, immune deficiency, malignancy, cystic fibrosis, other chronic lung disease, neuromuscular disease, organ transplant,
kidney failure or autoimmune disease, enteritis and colitis, rheumatoid arthritis and associated diseases). dThose with an inpatient or emergency encounter in the 42 days
before the index date. eThose with an outpatient visit for a lower respiratory event (LRE) in the 42 days before the index date.

J.D. Nordin et al. / Vaccine 37 (2019) 4055–4060 4057
hospitalization using a 0–42 day window was also evaluated
[5,19].
2.6. Covariates

Covariates assessed included age, gender, race/ethnicity, Medi-
caid insurance at least one month in the previous year, neighbor-
hood poverty, and neighborhood rates of asthma, classified based
on rates of asthma hospital admission by ZIP code data from the
Minnesota Department of Health [20].

Algorithms were developed and validated to classify subjects by
asthma control (controlled versus not controlled) and by asthma
severity (persistent or intermittent) based on chart abstraction
data from the 12 months prior to immunization [16]. Asthma con-
trol corresponded to children with (a) one or no prescriptions or
fills for an oral corticosteroid, and (b) three or fewer prescriptions
or fills for albuterol, and (c) one or no emergency department visits
for asthma, and (d) no hospitalizations for asthma. Subjects not
meeting all of four criteria were classified as having uncontrolled
asthma. Persistent asthma was defined as having one or more pre-
scriptions or fills for an inhaled or nebulized steroid in previous
year, and if not it was defined as intermittent asthma. These algo-
rithms were developed following the work by Birnbaum [21] and
Leidy [22].
2.7. Analysis

Baseline characteristics of subjects were compared by medical
group for the periods pre- and post-guideline. Using a pre/post
LAIV guideline/control ratio of ratios (ROR), we evaluated 21 and
42 day rates for LRE following vaccination. The ratio of pre and post
LRE rates in LAIV guideline group was compared to those in the
control group. Asthma severity, asthma control, age, race/ethnicity,
and on Medicaid were included as covariates in the final models.
Analysis using an ROR approach limits potential confounding
between groups, and accounts for secular trends. To estimate the
parameters of interest, we used the generalized estimating equa-
tion regression model with Poisson distribution and log link, and
a compound symmetry covariance to account for multiple seasons
per children. The main parameter of interest was the period- med-
ical group guideline interaction. Rates for LRE following vaccina-
tion were calculated for 0–21 and 0–42 day risk windows for
each period and medical group. Hospitalization rates were simi-
larly reported using a 42-day risk window. The ratio of ratios
(interaction term) with 95% confidence interval was used to evalu-
ate the impact of the LAIV guideline. Associations were evaluated
using a p-value of 0.05 with two tails. We also conducted a sensi-
tivity analysis to model the effect of residual unmeasured con-
founders.[23] Our study had 80% power to detect a ROR of 1.7
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with a baseline 42 day LRE rate of 4 percent, with an alpha of 0.05.
All analyses were conducted using SAS 9.4 software (SAS Institute
Inc., Cary, NC, USA).
3. Results

We identified 20,099 children with asthma ages 2 through
17 years, corresponding to 43,298 influenza vaccinations from
the 2007–08 through the 2014–15 influenza seasons. We excluded
a total of 35,447 child-influenza records; 30,704 because of not
meeting minimum insurance enrollment, 150 having a contraindi-
cation to receiving LAIV, 246 with an inpatient or ER encounter
within 42 days prior to vaccination, and 4347 with outpatient
LRE in the 42 days before vaccination (Fig. 1). A total of 4771
unique children and 7851 child-influenza records were included
in the cohort. During the three pre-guideline influenza seasons
(2007–08, 2008–09, 2009–10) there were 2215 child-influenza
records from children and adolescents included from the LAIV
group and 735 from the IIV guideline group. For the five post-
guideline influenza seasons (2010–11, 2011–12, 2012–13, 2013–
14, 2014–15) there were 3767 child-influenza records in children
and adolescents from the LAIV group and 1134 from the IIV guide-
line group. The population receiving care at the LAIV group was
more likely than the population receiving care at the IIV group to
be African American (23% versus 15%), and public insurance use
Table 1
Characteristics of children with asthma, Pre- and Post-Guideline by medical group, n = 47

LAIV Guideline medical group

Pre-Guideline Post-

Influenza seasons 2007–08 2010–
2008–09 2011
2009–10 2012

2013
2014

Children in each group 1641 2515

Female n (%) 664 (40.5) 1058
Race/ethnicity n (%)
Asian 129 (7.9) 236 (
Black/African American 367 (22.4) 609 (
Hispanic 101 (6.2) 153 (
Other 72 (4.4) 108 (
White 972 (59.2) 1409

Use of Interpreter n (%) 21 (1.3) 55 (2

Medicaid n (%) 328 (20) 739 (

a Children counted once per period of care and per medical group

Table 2
Characteristics of children-seasons included in cohort, Pre- and Post-Guideline by medica

LAIV

Pre-G

Child-seasons 2215
Age groups (in years)
2–4n (%) 631
5–11n (%) 868
12–17n (%) 716
Received LAIV n (%) 517
Mean asthma hospital admission rate per 10,000 in neighborhood + SD 32.7
Mean Median Family income in neighborhood (1000) + SD 83.1
Preventive Care visit n (%) 1356
Intermittent Asthma n (%) 1009
Controlled Asthmab n (%) 1781

a Children were counted multiple times if received the vaccine in multiple vaccine seas
one vaccine in the same season, and all were administered more than 42 days apart.

b Based on asthma control algorithm (see text).
were higher in the LAIV guideline group during the post-
guideline period (Table 1). In both medical groups and both time
periods, roughly half of the children and adolescents had
intermittent asthma while half had persistent asthma. About 81%
of the LAIV group children and 76% of the IIV group children had
asthma under control. In the LAIV group, 23% of subjects included
in the cohort with asthma or recurrent wheezing received LAIV in
the pre-guideline period, and this proportion increased to 68% in
the post-guideline period. In the IIV group, the proportion of
patients in our cohort with asthma or recurrent wheezing who
received LAIV were 7% and 11% during these two periods (see
Table 2).

Overall, 88% of LREs included diagnoses for asthma exacerba-
tions as defined by our algorithm. In age, asthma severity, asthma
control, race ethnicity and Medicaid adjusted analyses there was
no increase in LREs associated with the LAIV guideline: overall
adjusted (aROR) (95%CI): 0.74 (0.43–1.29) for LRE within 21 days
of vaccination and 0.77 (0.53–1.14) for LRE within 42 days of vac-
cination. Results were similar when stratified by age group; for
ages 2 through 4 years aROR: 0.92 (0.34–2.53) for LRE within
21 days of vaccination and 0.94 (0.49–1.82) for LRE within 42 days
of vaccination. For ages 5–18 years aROR (95% CI): 0.58 (0.26–1.30)
for LRE within 21 days of vaccination and 0.67 (0.37–1.23) for LRE
within 42 days of vaccination. Inclusion of additional covariates
did not modify the ROR estimates (See Table 3).
71 unique children.a

Standard care medical group

Guideline Pre-Guideline Post-Guideline

11 2007–08 2010–11
–12 2008–09 2011–12
–13 2009–10 2012–13
–14 2013–14
–15 2014–15

552 786

(42.1) 241 (43.7) 313 (39.8)

9.4) 45 (8.2) 59 (7.5)
24.2) 85 (15.4) 114 (14.5)
6.1) 26 (4.7) 34 (4.3)
4.3) 30 (5.4) 32 (4.1)
(56) 366 (66.3) 547 (69.6)

.2) 12 (2.2) 11 (1.4)

29.4) 103 (18.7) 143 (18.2)

l group, n = 7851 child-seasons.a

Guideline medical group Standard care medical group

uideline Post-Guideline Pre-Guideline Post-Guideline

3767 735 1134

(28.5) 1059 (28.1) 265 (36.1) 287 (25.3)
(39.2) 1539 (40.9) 265 (36.1) 495 (43.7)
(32.3) 1169 (31) 205 (27.9) 352 (31)
(23.3) 2542 (67.5) 50 (6.8) 127 (11.2)
9 + 20.17 34.19 + 21.07 29.68 + 22.15 30.01 + 19.97
1 + 30.09 79.11 + 29.96 96.84 + 35.5 98.78 + 35.77
(61.2) 2301 (61.1) 432 (58.8) 626 (55.2)
(45.6) 2027 (53.8) 314 (42.7 512 45.1)
(80.4) 3057 (81.2) 544 (74) 886 (78.1)

ons. Only the first vaccine of the season is counted. Only 72 children had more than



Table 3
Lower Respiratory Event (LRE) rates, n (%), within 21 and 42 days of influenza vaccination, by guideline with ratio of rate ratios.

LAIV Guideline medical Group Standard care medical group Crude Ratio of
Rate Ratios (95%CI)

Adjusted Ratio of
Rate Ratios1 (95%CI)

Pre-guideline n (%) Post-guideline n (%) Pre-guideline n (%) Post-guideline n (%)

Children age 2 to 17 years
LRE in 21 days 77 (3.5) 113 (3.0) 27 (3.7) 45 (4.0) 0.80 (0.46–1.39) 0.74 (0.43–1.29)
LRE in 42 days 133 (6) 203 (5.4) 51 (6.9) 85 (7.5) 0.83 (0.56–1.22) 0.77 (0.53–1.14)
All Cause Hospitalizations 12 (0.5) 7 (0.2) 3 (0.4) 1 (0.1) 1.59 (0.14–18.30) 1.47 (0.13–17.2)

Children age 2–4 years
LRE in 21 days 26 (4.1) 43 (4.1) 10 (3.8) 11 (3.8) 0.97 (0.36–2.61) 0.92 (0.34–2.53)
LRE in 42 days 42 (6.7) 84 (7.9) 20 (7.5) 26 (9.1) 0.99 (0.51–1.93) 0.94 (0.49–1.82)

Children age 5–17 years
LRE in 21 days 51 (3.2) 70 (2.6) 17 (3.6) 34 (4.0) 0.63 (0.28–1.41) 0.58 (0.26–1.30)
LRE in 42 days 91 (5.7) 119 (4.4) 31 (6.6) 59 (7.0) 0.69 (0.37–1.27) 0.67 (0.37–1.23)

1 Adjusted for age, asthma severity and control, race/ethnicity and insured through Medicaid.
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Only 21 hospitalizations occurred within 42 days of influenza
vaccination, and risks for hospitalization were not increased with
the LAIV guideline aROR1.47 (0.13–17.2).
4. Discussion

This study took advantage of a unique natural experiment to
evaluate the safety of a clinical guideline recommending LAIV for
children and adolescents with asthma or recurrent wheezing, as
compared with a standard guideline recommending IIV for this
population. After adjusting for age, asthma severity and asthma
control, the increase of LAIV use from 23% to 68% in children with
asthma in the LAIV group compared to an increase of LAIV use of
only from 7% to 11% in the control group was not associated with
an increase in LRE, primarily asthma or wheezing, in 21 days or
42 days post vaccination, including in the youngest subgroup of
children (those 2 through 4 years of age). There is little evidence
for vaccine induced wheezing in children with asthma over age
2. In 2003 in a randomized controlled trial of LAIV versus placebo,
Bergen et al found a significant increase in asthma exacerbations
among 18–36 month olds within 42 days of vaccination (OR 4.06)
[9]. However, in Bergen’s study there was no time clustering of
events following vaccination and when combining the diagnoses
of asthma, shortness of breath and wheezing, differences between
LAIV and placebo were no longer significant. Bergen did a post-hoc
analysis evaluating children with a previous history of asthma or
reactive airway disease, and no increased risk following LAIV was
detected (RR 1.11). In a subsequent 2007 multisite randomized
controlled trial, Belshe reported increased wheezing in children
ages 6 to 11 months and increased all-cause hospitalization for
children younger than 2 years following LAIV versus IIV. However,
no increase in wheezing occurred in children over age 12 months
[5]. Using spirometry, Redding demonstrated no change in pul-
monary function following LAIV among children with asthma
9 years and older [11].

Findings from this study are consistent with several recent
observational studies of LAIV in children and adolescents with
asthma. Ray et al. found that among children �2 years old with
asthma, there was no increased risk of asthma exacerbation fol-
lowing LAIV or IIV and a decreased risk following LAIV compared
to IIV. The children given LAIV had less severe asthma and this
likely biased the outcome [12]. Duffy et al. found that LAIV use
in asthma was associated with a decreased risk of medically
attended respiratory adverse events, but that the LAIV vaccine
was used primarily in children with intermittent or mild persistent
asthma [13]. Studies of Vaccine Adverse Events System reports
found no increase in adverse events, including wheezing, after
trivalent and quadrivalent LAIV [24].
Currently in the United States, asthma at any age and recurrent
wheezing in children younger than 5 years are both precautions for
administering LAIV [8]. However, international policies regarding
the use of LAIV in children with asthma vary. Starting in the
2012–13 influenza season, Quebec recommended LAIV for children
with asthma and other chronic health conditions [25]. Similarly,
the United Kingdom’s National Health Service now recommends
LAIV for all children, including those with asthma [26]. Data on
the safety of Quebec’s and the United Kingdom’s policies have
yet to be reported.

This study had some limitations. First, we were limited to data
available in the EHR or claims records. As such our identification
of patients with asthma and events to be classified as a LRE were
limited to those identifiable through diagnostic codes and we
were only able to capture medically attended LREs. We were
not able to evaluate episodes of wheezing that may have been
treated at home. Furthermore, we did not evaluate upper respira-
tory events that may occur following LAIV, such as nasal dis-
charge or sinusitis. Nevertheless, our findings are reassuring for
ruling out risks for severe respiratory events following adoption
of an LAIV guideline. Second, exclusion of asthma management
encounters and classification of asthma severity were based on
diagnoses, visits, and medication orders and fills. As such, these
estimates are prone to misclassification which would have biased
our findings to the null. Third, several important covariates were
not available including daycare attendance, presence of school-
age siblings, and exposure to second-hand smoke. Nevertheless,
our pre-post intervention controlled design removes bias in the
association measure due to multiple causes, including unobserved
time varying factors that could affect the outcomes in both
groups in similar ways [14].

The study also had several strengths including the large number
of children and adolescents with asthma receiving influenza vacci-
nation and the analytic approach using ROR. Also, 41% of the LAIV
post-guideline group was classified as having persistent asthma
and 19% as having uncontrolled asthma. As such, our results are
less prone to confounding by indication compared to studies where
only patients with mild intermittent asthma would be offered
LAIV.
5. Conclusion

In this large observational study, a guideline recommending
LAIV for children and adolescents with asthma or recurrent
wheezing was found not to increase the risk of post-vaccination
medically attended LREs. These additional data strengthen existing
data suggesting that the LAIV vaccine is safe for children with
asthma older than 2 years of age, and that guidelines for influenza
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vaccination in children with asthma over age 2 should allow use of
either vaccine and be based on vaccine effectiveness.
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