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Background: For children <3 years of age, a half dose of inactivated influ-
enza vaccine (7.5 μg hemagglutinin per strain) has been used for more than 
30 years, but several studies indicate that a full dose (15 μg hemagglutinin 
per strain) can be used in this population without increasing the rate of fever 
or other reactions. Here, we compare the safety and immunogenicity of full 
and half doses of quadrivalent, split-virion, inactivated influenza vaccine 
(IIV4) in children 6–35 months of age.
Methods: In this phase IV, randomized, observer-blinded, multi-center 
study, healthy children 6–35 months of age were randomized 1:1 to be vac-
cinated with a half or full dose of IIV4 (NCT02915302). The primary objec-
tive was to demonstrate that the rate of any fever (≥38.0°C) up to 7 days 
after a full dose of IIV4 was noninferior to the rate of fever after a half dose.
Results: The study included 1950 children. Noninferiority in the rate of 
fever was demonstrated for the full dose versus the half dose of IIV4 (dif-
ference in rate = 0.84%; 95% confidence interval, −2.13% to 3.80%). Solic-
ited reactions and unsolicited adverse events were similar between the dose 
groups. No vaccine-related serious adverse events were reported. Noninfe-
riority of both hemagglutination inhibition geometric mean titers and sero-
conversion rates was demonstrated for all 4 vaccine strains for the full dose 
versus the half dose.
Conclusions: In children 6–35 months of age, a full dose of IIV4 was 
immunogenic and had a safety profile comparable to that of a half dose, 
with no new safety concerns observed.
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Young children are at increased risk for influenza virus infec-
tion, as well as for severe influenza illness and influenza-related 

hospitalization.1,2 Although influenza A has been the focus of most 
study and prevention efforts, influenza B is now appreciated to be a 
frequent cause of illness, hospitalization and death.3 In young chil-
dren, influenza B is responsible for a disproportionate amount of 
severe illness and hospitalization.3,4 Two distinct lineages of influ-
enza B, Victoria and Yamagata, now cocirculate, although their dis-
tribution can vary substantially between years and regions.5

Because trivalent influenza vaccines contain only a single 
B-lineage strain, quadrivalent vaccines containing B strains from both 
lineages have been developed to reduce the risk of influenza illness 
and its associated morbidity and mortality as immunity to 1 B line-
age does not provide adequate protection against the other.6 A quad-
rivalent, split-virion, inactivated influenza vaccine (IIV4; Fluzone 
Quadrivalent; Sanofi Pasteur, Swiftwater, PA) has been available in 
the United States since 2013 for individuals ≥6 months of age. Clini-
cal trial data indicated that in children 6 months to 8 years of age, IIV4 
was as immunogenic as the comparator trivalent inactivated influenza 
vaccine for each of the 3 shared influenza strains and, despite the addi-
tional antigen, the 2 vaccines had a similar safety profile.7

For more than 30 years, influenza vaccines for children <3 
years to age have contained a half dose of antigen (7.5 μg hemagglu-
tinin per strain)8 to reduce the risk of fever and febrile convulsions 
associated with earlier whole-virus influenza vaccines.9 More recent 
findings suggest that a full dose (15 μg hemagglutinin per strain) 
can be used in children <3 years without increased fever or other 
reactions,10–13 although this has not yet been established for IIV4, 
which is currently licensed for use as a half dose in young children. 
In the current study, we therefore evaluated the safety and immu-
nogenicity of full versus half doses of this IIV4 in healthy children 
6–35 months of age. The primary objective was to compare the rates 
of fever following administration of full and half doses of IIV4.

MATERIALS AND METHODS

Study Design
This was a phase IV, randomized, observer-blinded, 2-arm, 

multi-center study to evaluate the safety and immunogenicity of 2 
different doses of IIV4 in healthy children 6–35 months of age. The 
study was conducted between September 2016 and March 2017 at 
38 sites in the United States (ClinicalTrials.gov no. NCT02915302).

Ethics
The study was approved by the institutional review boards 

for all sites and conducted in compliance with the Declaration 
of Helsinki and the International Conference on Harmonisation 
guidelines for Good Clinical Practice. Before participants were 
included in the study, written informed consent was provided by 
their parents or guardians.
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Participants
The study included healthy children 6–35 months of age 

who had not been vaccinated against influenza during the cur-
rent season (2016–2017). Children 6–11 months of age had to be 
born at full term of pregnancy (≥37 weeks) or with a birth weight 
≥2.5 kg. Children with moderate or severe acute illness or infection 
according to the investigator’s judgment or febrile illness (tempera-
ture ≥100.4°F [38.0°C]) who were otherwise eligible to participate 
were not enrolled until the illness resolved. Other exclusions are 
listed in Table, Supplemental Digital Content S1, http://links.lww.
com/INF/D336. Enrollment was stratified by age at each site so that 
approximately equal numbers of children 6–23 and 24–35 months 
of age would be included.

Vaccine
In accordance with US Food and Drug Administration 

guidance for composition of Northern Hemisphere 2016–2017 
influenza vaccines, IIV4 (Fluzone Quadrivalent; Sanofi Pasteur) 
contained the A/California/07/2009 X-179A (H1N1), A/Hong 
Kong/4801/2014 X-263B (H3N2), B/Brisbane/60/2008 (Victoria 
lineage) and B/Phuket/3073/2013 (Yamagata lineage) strains. Each 
half dose (0.25 mL) was formulated to contain 7.5 μg hemaggluti-
nin per strain, and each full dose (0.5 mL) was formulated to con-
tain 15 μg hemagglutinin per strain. Study vaccines were supplied, 
respectively, in 0.25- or 0.5-mL, prefilled single-dose syringes.

Study Conduct
Using a preprogrammed interactive response technology sys-

tem, participants were randomized in a 1:1 ratio to be vaccinated by 
intramuscular injection with a half or full dose of IIV4. In accordance 
with US Advisory Committee on Immunization Practices guidance,8 
participants received 2 doses of IIV4 28 days apart (window, 28–35 
days) if they had not previously received 2 doses of influenza vaccine. 
The participant, study site personnel (including investigators) and 
sponsor’s clinical team members involved in the study were blinded to 
the vaccine dose administered, with the exception of unblinded quali-
fied study staff who administered the vaccine. The unblinded qualified 
study staff did not collect safety data, and they were instructed to not 
inform parents or guardians of the dose administered.

Safety Assessment
For 7 days after each vaccination, parents or guardians took 

temperature readings each day, measured the size of any local reac-
tions and recorded medications taken for any adverse reactions on 
a diary card. Investigators or authorized designees interviewed the 
parents or guardians to collect the information recorded in the diary 
card. Solicited local reactions consisted of injection-site tender-
ness, erythema and swelling; solicited systemic reactions consisted 
of fever, vomiting, abnormal crying, drowsiness, loss of appetite 
and irritability. Severity gradings for each reaction are provided in 
Table, Supplemental Digital Content S2, http://links.lww.com/INF/
D337. Investigators also collected unsolicited adverse events (AEs) 
for 28 days after each vaccination and serious AEs (SAEs) up to 
the end of the trial according to the International Conference on 
Harmonisation E2A Guideline for Clinical Safety Data Manage-
ment. SAEs occurring after a participant had completed the study 
but likely related to the product were also to be recorded.

Immunogenicity Assessment
Immunogenicity was to be assessed in a planned subset of 

1600 participants randomly selected via the interactive response 
technology system. For the immunogenicity subset, blood sam-
ples were collected before the first vaccination and 28 days (win-
dow, 28–35 days) after the final vaccination. Hemagglutination 

inhibition (HAI) titers were measured as described previously.7 The 
lower limit of quantitation was set at the reciprocal of the lowest 
dilution (1:10), and the upper limit of quantitation was set as the 
highest dilution (1:10,240) used in the assay. Seroconversion was 
defined as (1) a prevaccination titer <10 and postvaccination titer 
≥40; or (2) a prevaccination titer ≥10 and a ≥4-fold increase in 
postvaccination titer.

Statistical Analysis
The primary objective was assessed by determining if the 

rate of any fever (temperature ≥100.4°F [38.0°C]) within 7 days 
after administration of any full dose of IIV4 was noninferior to the 
rate of fever after administration of any half dose. All safety end-
points were assessed in all vaccinated participants according to the 
vaccine received. Noninferiority with respect to fever was consid-
ered demonstrated if the upper bound of the 2-sided 95% confi-
dence interval (CI) of the fever rate difference between participants 
receiving full-dose vaccine and participants receiving half-dose 
vaccine was <5%. The 95% CI of the rate difference was computed 
using the Wilson Score method without continuity correction.14 
Assuming a total planned enrollment sample size of approximately 
2190 (1095 per group), an attrition rate of 5%, a 1-sided alpha of 
2.5%, an expected 14.3% rate of fever,7 and a noninferiority margin 
of 5%, the study was powered at approximately 90% to demonstrate 
noninferiority for fever.

Immunogenicity was assessed according to the vaccine 
received in all participants in the immunogenicity subset who 
received at least 1 dose of the study vaccine, had a postvaccina-
tion serology result for at least 1 strain and completed the study 
according to protocol. For immunogenicity and safety variables, 
the 95% CIs of point estimates were calculated assuming a normal 
distribution. Geometric means and their 95% CIs were calculated 
as the anti-log of the mean and 95% of the log

10
 values. For point 

estimates of differences in proportions, 95% CIs were calculated 
using the Wilson Score method without continuity correction or by 
the exact binomial (Clopper-Pearson) method.

For each strain, noninferiority in the HAI geometric mean 
titer (GMT) was considered demonstrated if the lower limit of the 
2-sided 95% CI of the GMT ratio (GMT

full dose
/GMT

half dose
) was 

>0.667. Noninferiority for seroconversion rates was considered 
demonstrated if the lower limit of the 2-sided 95% CI for the rate 
difference for the full dose minus the half dose was >−10%. For the 
difference in seroconversion rates, the 95% CI of the rate difference 
was computed using the Wilson Score method without continuity 
correction. For the 1600 participants who were to be randomly 
assigned to the immunogenicity subset, assuming an attrition rate 
of 20%, a 1-sided alpha of 2.5% for each test, the same expected 
GMTs for each dose group, a standard deviation of log titers against 
each strain of 0.7 and a noninferiority margin of 0.667, the study 
power was approximately 97.6% to demonstrate noninferiority for 
GMTs. Assuming for each strain the same expected seroconversion 
rates for each vaccine dosing group (90.9% for A/H1N1, 95.4% 
for A/H3N2, 72% for B/Victoria and 57.5% for B/Yamagata7) and 
a noninferiority margin of 10% for each strain, the planned study 
power was approximately 93.2% to demonstrate noninferiority for 
seroconversion rates.

Results of participants receiving exactly 1 dose of IIV4 and 
those receiving 2 doses were combined in all noninferiority assess-
ments (ie, for fever rate, postvaccination HAI GMTs and serocon-
version rates).

Demographic characteristics and safety were assessed in all 
participants who received at least 1 dose of study vaccine.

Missing data were not imputed. Statistical analysis was per-
formed using SAS version 9.4 (SAS Institute, Cary, NC).

http://links.lww.com/INF/D336
http://links.lww.com/INF/D336
http://links.lww.com/INF/D337
http://links.lww.com/INF/D337
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RESULTS

Baseline Characteristics and Disposition
The study was conducted between September 23, 2016, and 

March 6, 2017. Due to lower than expected recruitment, 1950 partici-
pants were enrolled in the study instead of the planned 2190 (Fig. 1). 
The participants were randomly assigned in nearly equal proportions 
to receive the half dose (n = 955; 49.0%) or full dose of IIV4 (n = 995;  
51.0%). Six participants randomized to the full-dose group and 3 ran-
domized to the half-dose group were not vaccinated. In accordance 
with Advisory Committee on Immunization Practices guidance, a total 
of 1024 (52.5%) participants received 2 doses of IIV4 (507 [53.1%] in 
the half-dose group and 517 [52.0%] in the full-dose group). The study 
was completed by 890 (93.2%) participants in the half-dose group and 
917 (92.2%) in the full-dose group. The most common reasons for 
participant discontinuation were voluntary withdrawal not because of 
an AE and noncompliance with the protocol. No participants discon-
tinued the study for an AE or SAE considered related to vaccination.

At enrollment, the full- and half-dose groups included nearly 
equal proportions of males and females (50.6% male in the half-
dose group and 50.1% male in the full-dose group). Mean ages and 
distributions of racial and ethnic origins were also similar between 
the 2 groups (Table 1).

Immunogenicity was assessed in a randomly selected subset 
of 715 participants in the half-dose group and 745 in the full-dose 
group (Fig. 1). Of these, 665 (93.0%) participants in the half-dose 
group and 682 (91.5%) in the full-dose group completed the study.

Fever
The difference in rate of fever for the full dose minus the 

half dose of IIV4 was 0.84% (95% CI, −2.13% to 3.80%) (Table 2). 
Thus, noninferiority in the rate of fever was demonstrated for the 
full dose compared with the half dose of IIV4.

HAI Titers
Of the 1950 participants in the study, 1460 were randomized 

to the immunogenicity subset. Noninferiority of both HAI GMTs 
and seroconversion rates was demonstrated for all 4 vaccine strains 
for the full dose versus the half dose (Table 3). Overall, HAI GMTs 
and post-/prevaccination GMT ratios were higher for the full dose 

Enrolled

Half dose (0.25 ml) of IIV4
N=955

Immunogenicity subset:
N=715

Full dose (0.5 ml) of IIV4
N=995

Immunogenicity subset:
N=745

Randomized

N=1950

N=890
Immunogenicity subset:

N=665

N=917
Immunogenicity subset:

N=682

Completed the
study

Voluntary withdrawal N=22
Noncompliance N=20
Lost to follow-up N=19
AE unrelated to the vaccine N=2
SAE unrelated to the vaccine N=1
Reason not known N=1

Voluntary withdrawal N=29
Noncompliance N=27
Lost to follow-up N=22

FIGURE 1. Study design and disposition of participants. Healthy children 6–35 months of age were randomly assigned 1:1 
to receive the half dose or the full dose of IIV4 by intramuscular injection.

TABLE 1.  Demographic Characteristics

 
Characteristics

Half Dose  
of IIV4

Full Dose  
of IIV4

N = 949 N = 992

Sex, n (%)   
    Male 480 (50.6) 497 (50.1)
    Female 469 (49.4) 495 (49.9)
Age (months), mean ± standard 

deviation
20.4 ± 8.75 20.5 ± 8.55

Racial origin, n (%)   
    White 717 (75.6) 725 (73.1)
    Black or African-American 178 (18.8) 195 (19.7)
    Asian 1 (0.1) 8 (0.8)
    American Indian or Alaska Native 9 (0.9) 10 (1.0)
    Native Hawaiian or Other Pacific 

Islander
4 (0.4) 5 (0.5)

    Mixed Origin 36 (3.8) 43 (4.3)
    Missing 4 (0.4) 6 (0.6)
Ethnicity, n (%)   
    Hispanic or Latino 206 (21.7) 221 (22.3)
    Not Hispanic or Latino 731 (77.0) 763 (76.9)
    Missing 12 (1.3) 8 (0.8)

Demographic characteristics were analyzed in all vaccinated participants accord-
ing to the vaccine received.

Table 2. Rates of Fever and Noninferiority Comparison

Dose Group
Cases of  

Fever n/N* % (95% CI) Noninferior†

Half dose 101/893 11.31 (9.31 to 13.57) —
Full dose 113/930 12.15 (10.12 to 14.42) —
Difference — 0.84 (−2.13 to 3.80) Yes

Fever was defined as a temperature ≥100.4°F (38.0°C) and was assessed in all vac-
cinated participants according to the vaccine received.

*The denominator (n) indicates number of cases of fever, and the numerator (N) 
indicates the number of participants with valid temperature data during the 7 days 
after vaccination.

†Noninferiority was considered demonstrated if the upper bound of the 2-sided 
95% CI of the rate difference between participants receiving the full dose and the half 
dose of IIV4 was <5%.
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than for the half dose, as indicated by nonoverlapping 95% CIs. 
For seroconversion rates, point estimates were higher for the full 
dose than for the half dose, but 95% CIs overlapped. In analyses 
stratified by age (6–23 months vs. 24–35 months) and by number of 
doses received (1 vs. 2 doses)—analyses for which this study was 
not powered—postvaccination HAI GMTs were generally higher 
among participants 24–35 months of age and among participants 
receiving 1 dose of IIV4, with the full dose generally inducing 
higher HAI GMTs compared with the half dose, regardless of age 
subgroup or number of doses received (Tables, Supplemental Digi-
tal Content S3–S6, http://links.lww.com/INF/D338; http://links.
lww.com/INF/D339; http://links.lww.com/INF/D340; http://links.
lww.com/INF/D341).

Solicited Reactions
Proportions of participants reporting any solicited reac-

tions, solicited injection-site reactions and solicited systemic reac-
tions were similar for the full- and half-dose groups (Table 4). In 
most participants, solicited reactions resolved within 3 days (data 
not shown). Rates of grade 3 solicited reactions were generally 
similar for the full and half dose of IIV4 (Table, Supplemental 
Digital Content S7, http://links.lww.com/INF/D342). The most 
common grade 3 solicited injection-site reaction was tenderness 
(1.2% in the full-dose group and 1.7% in the half-dose group), and 
the most common grade 3 solicited systemic reactions included 
irritability (4.0% in the full-dose group and 3.6% in the half-dose 
group) and abnormal crying (2.6% in the full-dose group and 3.1% 

TABLE 3. Postvaccination Immunogenicity and Noninferiority Comparisons

 
Measure

 
Strain

Half Dose of IIV4 Full Dose of IIV4
Comparison  

(95% CI) Noninferior? N Value (95% CI) N Value (95% CI)

HAI GMT A(H1N1) 520 214 (185 to 247) 539 310 (271 to 354) 1.45 (1.19 to 1.77)* Yes
 A(H3N2) 525 221 (191 to 256) 542 332 (290 to 380) 1.50 (1.23 to 1.83)* Yes
 B/Victoria 520 261 (227 to 299) 539 348 (304 to 398) 1.33 (1.10 to 1.62)* Yes
 B/Yamagata 524 243 (213 to 277) 543 349 (307 to 397) 1.44 (1.20 to 1.73)* Yes
Seroconversion rate (%)
 

A(H1N1) 470 78.9 (75.0 to 82.5) 483 84.1 (80.5 to 87.2) 5.1 (0.189 to 10.0)† Yes
A(H3N2) 475 81.9 (78.1 to 85.3) 487 86.2 (82.9 to 89.2) 4.3 (−0.283 to 8.99)† Yes
B/Victoria 470 87.2 (83.9 to 90.1) 483 88.6 (85.4 to 91.3) 1.4 (−2.78 to 5.56)† Yes

 B/Yamagata 474 87.8 (84.5 to 90.6) 488 91.2 (88.3 to 93.5) 3.4 (−0.465 to 7.36)† Yes
Post- to prevaccination 

GMT ratio
 

A(H1N1) 470 9.00 (7.98 to 10.1) 483 14.2 (12.5 to 16.2) — —
A(H3N2) 475 11.8 (10.3 to 13.4) 487 16.4 (14.4 to 18.7) — —
B/Victoria 470 12.3 (11.0 to 13.9) 483 17.2 (15.3 to 19.4) — —

 B/Yamagata 474 12.7 (11.3 to 14.1) 488 19.1 (17.0 to 21.5) — —

Immunogenicity was assessed according to the vaccine received in all participants in the immunogenicity subset who received at least 1 dose of the study 
vaccine, had a valid postvaccination serology result for at least 1 strain and completed the study according to protocol.

*Ratio of HAI GMTs (full dose/half dose). Noninferiority was considered demonstrated if the lower limit of the 2-sided 95% CI was >0.667.
†Difference in seroconversion rate: seroconversion rate for the full dose of IIV4 minus the seroconversion rate for the half dose of IIV4. Noninferiority was 

considered demonstrated if the lower limit of the 2-sided 95% CI was >−10%.

TABLE 4. Solicited Reactions and Adverse Events

 
Event

Half Dose of IIV4 Full Dose of IIV4

n/N % (95% CI) n/N % (95% CI)

Solicited reaction within 7 days 645/909 71.0 (67.9–73.9) 698/941 74.2 (71.3–76.9)
    Injection site 480/909 52.8 (49.5–56.1) 533/939 56.8 (53.5–60.0)
     Tenderness 430/909 47.3 (44.0–50.6) 473/939 50.4 (47.1–53.6)
     Redness 210/909 23.1 (20.4–26.0) 228/938 24.3 (21.6–27.2)
     Swelling 117/908 12.9 (10.8–15.2) 138/937 14.7 (12.5–17.2)
    Systemic* 533/909 58.6 (55.4–61.9) 561/941 59.6 (56.4–62.8)
     Vomiting 91/908 10.0 (8.1–12.2) 96/941 10.2 (8.3–12.3)
     Abnormal crying 302/908 33.3 (30.2–36.4) 321/941 34.1 (31.1–37.2)
     Drowsiness 290/908 31.9 (28.9–35.1) 294/940 31.3 (28.3–34.3)
     Loss of appetite 248/908 27.3 (24.4–30.3) 266/940 28.3 (25.4–31.3)
     Irritability 430/908 47.4 (44.1–50.7) 457/940 48.6 (45.4–51.9)
Immediate unsolicited AE (<30 min)     
    Any 2/949 0.2 (0.0–0.8) 0/992 0.0 (0.0–0.4)
    Vaccine related 1/949 0.1 (0.0–0.6) 0/992 0.0 (0.0–0.4)
Unsolicited AE within 28 days     
    Any 420/949 44.3 (41.1–47.5) 395/992 39.8 (36.8–42.9)
    Vaccine related 29/949 3.1 (2.1–4.4) 30/992 3.0 (2.0–4.3)
AE leading to study discontinuation 3/949 0.3 (0.1–0.9) 0/992 0.0 (0.0–0.4)
SAE 5/949 0.5 (0.2–1.2) 5/992 0.5 (0.2–1.2)
AE of special interest†‡ 1/949§ 0.1 (0.0–0.6) 0/992 0.0 (0.0–0.4)

Safety was assessed in all vaccinated participants according to the vaccine received.
*Fever is displayed in Table 2.
†Included new onset of Guillain-Barré syndrome, encephalitis/myelitis (including transverse myelitis), neuritis (including 

Bell’s palsy, optic neuritis and brachial neuritis), thrombocytopenia, vasculitis, convulsions (including febrile convulsions) and 
anaphylaxis or other hypersensitivity/allergic reactions.

‡Also included as an SAE.
§Chronic urticaria with onset 3 days after receipt of 1 half dose of IIV4, considered related to vaccination by the investigator.

http://links.lww.com/INF/D338
http://links.lww.com/INF/D339
http://links.lww.com/INF/D339
http://links.lww.com/INF/D340
http://links.lww.com/INF/D341
http://links.lww.com/INF/D341
http://links.lww.com/INF/D342
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in the half-dose group). Grade 3 fever was reported for 0.6% (95% 
CI, 0.2–1.3) of participants who received the half dose and 1.2% 
(95% CI, 0.6–2.1) who received the full dose. In analyses strati-
fied by age, rates of solicited systemic reactions were generally 
higher among participants 6–23 months of age who received the 
full dose compared with participants 24–35 months of age who 
received the full dose. Within each age subgroup, reactogenicity 
between the full and half doses was similar (Table, Supplemental 
Digital Content S8, http://links.lww.com/INF/D343). Among par-
ticipants receiving 2 doses of IIV4, reactogenicity was generally 
similar between the first and second doses, irrespective of dosing 
volume received (Table, Supplemental Digital Content S9, http://
links.lww.com/INF/D344).

Adverse Events
Rates of vaccine-related unsolicited AEs were similar (3.1% 

for the half-dose group and 3.0% for the full-dose group) (Table 4). 
Three AEs leading to study discontinuation were reported, all in the 
half-dose group. None of the AEs leading to study discontinuation 
were considered related to vaccination.

SAEs were experienced by 5 (0.5%) participants in the half-
dose group and 5 (0.5%) in the full-dose group, none of which were 
considered related to the vaccine. A single AE of special interest 
(chronic urticaria first appearing 3 days post-vaccination and con-
tinuing for >6 weeks) was considered by the investigator to be 
related to vaccination.

DISCUSSION
In this study, we showed that in children 6–35 months of 

age, comparable rates of fever were reported among those receiv-
ing a full dose and a half dose of IIV4. Other solicited reactions 
and unsolicited AEs also occurred at similar rates between for the 
full and half dose of IIV4, and few cases of grade 3 fever and no 
cases of febrile convulsion were reported. Thus, no new safety con-
cerns were observed following administration of a full dose of IIV4 
in this population. The study also showed that antibody responses 
induced by the full dose of IIV4 were at least as high as those 
induced by the half dose, suggesting that a full dose of IIV4 can 
protect this age group at least as well as a half dose. Of note, 1 dose 
of IIV4 induced HAI GMTs that were generally higher than those 
induced by 2 doses, which likely reflects 1-dose participants hav-
ing been immunologically primed, whereas 2-dose recipients were 
immunologically naive or relatively naive.

Similar results with respect to the reactogenicity and immu-
nogenicity between full and half doses have been found in several 
studies, although most have studied trivalent influenza vaccines. 
Skowronski et al13 examined the immunogenicity and reactogenic-
ity of 2 full versus 2 half doses of a trivalent inactivated influenza 
vaccine in previously unimmunized infants (6–11 months of age) 
and toddlers (12–23 months). They found that the full dose induced 
higher HAI titers for all 3 vaccine components in infants but not 
toddlers and that the rate of fever did not increase in either age 
group. Similarly, Pavia-Ruz et al12 and Langley et al11 reported that 
in children 6–35 months of age, a full dose of trivalent inactivated 
influenza vaccine induced higher HAI titers than the half dose for 
all strains without affecting rates of fever or other reactogenicity 
or safety endpoints. Finally, Jain et al10 compared the US-licensed 
standard half-dose IIV4 with an investigational full-dose IIV4 in 
children 6–35 months of age. Noninferior HAI GMTs and serocon-
version rates were demonstrated against all 4 vaccine strains. Also, 
superior HAI GMTs were demonstrated against both vaccine B 
strains in children 6–17 months of age and unprimed children 6–35 
months of age. As in the other studies, the safety profiles, including 
the rate of fever, were similar for the 2 vaccines. Thus, all studies to 

date, including the current one, have indicated that full-dose inacti-
vated influenza vaccines can generally increase HAI antibody titers 
and can be safely used in young children. Moreover, several studies 
have demonstrated the effectiveness and safety of full-dose inacti-
vated influenza vaccine in preventing influenza disease in children 
younger than 3 years of age.15–17

This study had some limitations. The study did not assess 
clinical protection against influenza but rather HAI titers, which 
are not always predictive of protection18; nonetheless, the results 
suggest that full dose should be at least as effective as the half dose 
in young children. Another potential limitation is that the planned 
study size due was not reached to unexpectedly low recruitment. 
Regardless, the study size was sufficient (ie, power >80%) to dem-
onstrate noninferiority for the primary (rates of fever) and second-
ary (HAI GMTs and rates of seroconversion) outcomes.

In summary, the results of this study indicate that health-
care providers should be able to safely use the full dose of IIV4 for 
children 6–35 months of age. As suggested by Jain et al,10 clini-
cal information should now be sufficient to support using full-dose 
influenza vaccines for this age group. Indeed, full-dose influenza 
vaccine has already been recommended for use in children as 
young as 6 months of age in some countries (eg, Canada, the United 
Kingdom, Finland and the United States) as part of their national 
immunization programs.8,19,20 The ability to use full-dose influenza 
vaccine should provide healthcare providers with additional flex-
ibility and convenience when vaccinating young children against 
influenza.
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Current Abstracts

Health Risks of Flood Disasters
Paterson DL, Wright H, Harris PNA. Clin Infect Dis. 2018;67:1450–1454.

Floods are the most common natural disaster occurring worldwide. Flood 
waters pose immediate dangers to human health, but also long-term effects 
resulting from displacement and worsened living conditions. The impact 
of flood disasters is expected to grow in the future owing to the effects of 
climate change and population shifts.

Drowning is the most frequent immediate cause of death soon after 
the onset of flooding. Other acute events include orthopedic injuries and 
laceration, hypothermia, electrocution and burns from flammable, low-den-
sity liquids spreading across the surface of floodwaters. Carbon monoxide 
poisoning from unventilated electrical generators or cooking implements is 
also common after floods.

Flood disasters have a significant impact on chronic health condi-
tions, with medication noncompliance because of nonavailability, difficul-
ties with access to health services and the physical workload associated with 
clean-up and reconstruction being significant issues. The reported impact of 
any interruption to treatment varies according to the underlying condition, 
with increased mortality rates after disasters in patients with cardiovascular 
disease and diabetes. Posttraumatic stress disorder, anxiety and depression 
are potential mental health consequences for flood victims.

Considerable loss of healthcare infrastructure can be associated 
with flood disasters, including evacuation of entire tertiary care hospitals. 
Significant increases in emergency department visits may be recorded for 
homelessness or inadequate shelter, especially among the elderly.

Trauma is common in patients injured by fast-moving water, trying 
to escape floodwaters or cleaning up after floods. Cellulitis and deeper skin 
infections are subsequently common. Cases of cellulitis have been shown 
to peak 3–4 days after a flooding event and remain above baseline level for 
up to 3 weeks. Any trauma can introduce pathogenic skin flora into wounds. 
Therefore, the typical bacterial causes of cellulitis and soft-tissue infections 
(Staphylococcus aureus and Streptococcus pyogenes) should be the first 
considerations when antibiotic therapy is indicated.

However, a number of less commonly encountered water-dwell-
ing organisms (notably Aeromonas species) may cause skin infections in 
patients exposed to flood water. Vibrio spp. may be associated with saltwater 

exposure in the context of storm surges. Infection of contaminated wounds 
by Clostridium tetani may occur in areas of low immunization coverage. In 
endemic tropical regions, such as Southeast Asia and northern Australia, 
exposure to soil or water containing Burkholderia pseudomallei can result 
in melioidosis.

Although most soft-tissue infections after floodwater exposure will 
be bacterial, infections caused by fungal pathogens are well described, and 
infection may be polymicrobial. Mucormycosis caused by zygomycete 
fungi may present as a rapidly progressive necrotizing fasciitis with high 
mortality rates if urgent surgical intervention and antifungal therapy is una-
vailable or delayed. Nontuberculous mycobacteria may also cause infec-
tions after exposure to floodwater, particularly rapid growing Mycobacte-
rium species such a Mycobacterium fortuitum, Mycobacterium chelonae 
and Mycobacterium abscessus.

In reports from the United States and the United Kingdom, acute 
respiratory infection was the most common infectious disease requiring 
consultation after flooding. Disruption of housing and overcrowding can 
increase the risk of transmission of respiratory viral pathogens. Direct con-
tact with floodwater, with immersion, near drowning or aspiration, can lead 
to inoculation of the lower respiratory tract.

The risk of gastroenteritis after flooding is highest in areas with 
poor hygiene or an inadequate supply of clean drinking water, although 
outbreaks of diarrheal diseases are common even in resource-rich areas, 
particularly if the integrity of sewerage systems is compromised.

Leptospirosis, a spirochetal zoonosis causing an acute febrile ill-
ness, has increasingly been recognized as a pathogen associated with flood-
ing and extreme weather events. Outbreaks of leptospirosis have been 
reported from diverse geographic locations in urban and rural settings, 
encompassing both the developed and developing world. In endemic areas, 
mosquito-borne diseases (eg, Japanese encephalitis or dengue fever) may 
occur at an increased rate after flood events.

Comment: Public health preparedness is an essential element in 
preventing morbidity and mortality associated with flood disasters. Data 
aggregation analyses can identify communities at greatest risk from flood 
disasters and can be used to plan cost-efficient preparedness strategies. Pre-
vention of flood disasters rests on flood mitigation schemes and planned 
removal of populations from flood-prone areas.
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