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Abstract. Influenza transmission is increased among household contacts. Vaccination decreases transmission;
however it is unclear how vaccinating a single individual alters disease risk among household contacts, particularly in
regions with low vaccination coverage. Pregnant women were randomized to influenza or control vaccination. House-
holds were visited weekly until infants born to enrolled women reached 6 months. Household contacts younger than 5
years were tested for laboratory-confirmed influenza (LCI). Incidence of LCI and rate ratios (RtR) comparing incidence
between vaccine groups were calculated. The secondary infection rate (SIR) was calculated for households where LCI
was detected. The H1N1 strain in the vaccine was a match for circulating H1N1 during the study, thus, all analyses were
performed for H1N1-LCI and any LCI. A total of 5,345 household contacts younger than 5 years followed for a mean of
228 days (standard deviation [SD] = 45 days) experienced 2,957 influenza-like illness episodes. Incidence of any LCI and
H1N1-LCI was 23 (N = 276) and 7.3 per 100,000 days (N = 89), respectively. Household contacts of womenwho received
influenza vaccine had fewer LCI (RtR = 0.90; 95% CI: 0.71, 1.14) and fewer H1N1-LCI (RtR = 0.73; 95% CI: 0.48, 1.11)
episodes than contacts in control households. Incidence of LCI and household SIR were low in households of women
enrolled in an influenza vaccine trial in Mali. Although low incidence made statistical significance difficult to detect, there
was a trend for decreased rates of H1N1-LCI in households where a pregnant mother received influenza vaccination.

INTRODUCTION

In 2008, there were approximately one million influenza-
associated severe acute lower respiratory infections among
children under five worldwide; an estimated 180,000 cases
occurred in Africa.1,2 However, these estimates are based on
severely limited surveillance data on influenza incidence in
Africa, particularly in sub-Saharan Africa. There is limited un-
derstanding of the burden of influenza in Africa, aside from
surveillance data implemented in response to the H1N1 pan-
demic outbreak of 2009.3 In Mali, serial serosurveys pre- and
post-pandemic influenza found 13% of serum samples be-
came positive for H1N1.4

Household transmission is one of the primary contributors
to the spread of influenza with approximately 42% of all in-
fections estimated to occur in the household5 and the risk of
infection due to contact with an infected household member
(secondary infection rate [SIR]) is estimated at 38%.6 Studies
on household influenza transmission have primarily been
conducted in North America, Europe, and Asia,5–10 with a few
studies in South Africa.11 However, data from low-income
countries are of particular interest because the rate of
household transmission is thought to depend on certain
household attributes6 which differ substantially from those
found in higher-income countries.
Although immunization against influenza protects the vac-

cinated individual from illness, the impact on household
transmission is unclear. Few studies report significant pro-
tection when only a few individuals in the household are
vaccinated, suggesting lower vaccine effectiveness against
infection in the household setting.6,7,10 Cocooning, or vacci-
nating adults to protect neonates in the household, has been

recommended to protect high-risk populations against per-
tussis and influenza12; however there is no strong evidence to
support this recommendation in the case of influenza. Studies
in North America have found that vaccination of children
younger than five years or school-aged children can protect
household contacts and communitymembers from influenza-
like illnesses (ILIs).13,14 One study of influenza cocooning
found that neonates in householdswith high vaccination rates
were significantly less likely to experience acute respiratory in-
fections than neonates in unvaccinatedhouseholds.15However,
data are lackingon the impactof influenzavaccinationof a single
adult on the risk of influenza in youngchildren,whoare at greater
risk of disease. Studies on household-level effects of individual
vaccination are especially important to inform vaccine intro-
duction in areas with minimal pre-existing vaccine coverage
such as sub-Saharan Africa.
Using data from a clinical trial of maternal influenza vacci-

nation in Bamako, Mali, we aimed to examine the effect of
vaccination of a single adult within the household (the preg-
nant woman) on the risk of influenza among household con-
tacts younger than5 years, and the effect of vaccination on the
household SIR.

MATERIALS AND METHODS

Study design. The maternal influenza vaccination trial has
beendescribed indetail previously.16Briefly, pregnantwomen
living in Bamako, Mali, were enrolled while attending prenatal
care in their third trimester (gestational age > 28 weeks).
Participants could not be members of a household that al-
ready had a womanwhowas participating or had participated
in this study. From September 2011 through April 2013, en-
rolled pregnant women were randomly allocated (1:1) to re-
ceive either trivalent inactivated influenza vaccine (Vaxigrip;
Sanofi Pasteur, Lyon, France) or quadrivalent meningococcal
conjugate vaccine (Menactra; Sanofi Pasteur) at enrollment.
Two formulations of the trivalent inactivated influenza vaccine
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were administered over the course of the trial. However, the
H1N1 component remained the same (A/California/7/2009
[H1N1][pandemic]-like) and this virus circulated in Mali
throughout the duration of the trial. A subset of vaccinated
women were assessed for seroreactivity to the H1N1 com-
ponent of the trivalent inactivated influenza vaccine, of which
93% had hemagglutination inhibition antibody-titers ³ 40,
28 days post vaccination, and 80% retained these titers at
6 months post-partum (the end of follow-up). There is no
routine seasonal influenza vaccination in Mali, thus, back-
ground influenza vaccination rates are negligible. Influenza
activity in the region occurs fromSeptember throughMay and
is bimodal, with peaks in October and February.16

At enrollment, up to five household contacts younger than
five years were enrolled for weekly influenza surveillance. If a
woman lived in a household with more than five children
younger than five years, the youngest children were enrolled.
Women and household contacts were withdrawn from the
study in the case of spontaneous abortion, stillbirth, or death
of an infant born as part of the study. Study follow-up was
completed in January of 2014.
The present study analyzed a subset of the clinical trial

data including only participants living in households where
household contacts younger than five years were enrolled.
From enrollment until the infant (born to the vaccinated
pregnant woman) reached 6 months of age, field staff visited
the homes of participants weekly to detect ILI in the pregnant
women, enrolled household contacts, and the infant (after
birth). Participants with ILI had nasopharyngeal and oropha-
ryngeal swabs taken which were tested for influenza by real-
time polymerase chain reaction (RT-PCR).
Ethical approvals. Approval for the research was obtained

from theUniversity ofMaryland, Baltimore Institutional Review
Board; the ethics committee of the Faculté de Médecine,
Pharmacie et Odonto-Stomatologie of Mali; and the Ministry
of Health of Mali. Community sensitization was achieved
through community leaders, health center representatives, and
communitymemberswho attended community-widemeetings.
All pregnant women provided informed consent, and head-of-
household consent was obtained for participation of household
contacts. If the participant or head-of-household was illiterate,
consent was obtained in the presence of a literate witness after
listening to the audiotaped version of the consent form in
Bambara, the local language.
Definitions. The exposure of interest was household ran-

domization status defined as the vaccine to which the enrolled
pregnant woman was randomized. In all analyses, households
where the enrolled pregnant woman received influenza vacci-
nation are compared with control households where the en-
rolled pregnant woman received meningococcal vaccination.
Influenza-like illnesses was defined as measured or re-

ported fever (temperature > 38�C) plus any of the following
symptoms: rhinorrhea, nasal congestion, cough, dyspnea,
sore throat, headache, earache, muscle aches, or chest pain.
Among infants born as part of the study, the definition of ILI
also included any fever without other apparent cause, or fever
plus pus draining from the ears. Among the women, the defi-
nition of ILI included sudden onset of fever or perception of
fever for fewer than 7 days and cough or sore throat or chest
pain on breathing in and the absence of another diagnosis.
Laboratory-confirmed influenza (LCI) was defined as an ILI

where any influenza virus was detected by RT-PCR. Given the

vaccine match with circulating H1N1, the rate of laboratory-
confirmed H1N1 influenza was an additional outcome of in-
terest in this study.
Additional covariates of interest were maternal education

level, household size, household crowding, and socioeco-
nomic status (SES). Variables were categorized for stratified
analyses. Education level of the vaccinated pregnant woman
was categorized as follows: 1) no formal education or Koranic
education only; 2) any primary education; and 3) any sec-
ondary education. Household size was categorized as small
(fewer than five people), medium (five to nine people), or large
(10 or more people). Household crowding was calculated as
the ratio of the number of people in a household to the number
of rooms used for sleeping in the household, and stratified as
follows: low— households with two or fewer people per room;
medium—households with between two and 3.5 people per
room; and high—households with 3.5 or more people per
room. Socioeconomic status was determined by calculating a
wealth index usingprincipal component analysis of household
wealth indicators including the following variables: type of
floor cover, water source, type of toilet, presence of electricity,
refrigerator, television, motorboat, motorbike, phone, radio,
cart, bicycle, crop field, car, and type of fuel used for cooking.
The first principal component was used to calculate a wealth
index for eachhousehold.17 For analysis, SESwasdivided into
the lowest 25%, the middle 50%, and the highest 25% of the
study population.
Statistical analysis. The rate of ILI, LCI, and H1N1-LCI

among household contacts younger than five years was cal-
culated for eachexposure groupandcompared usingPoisson
regression. Incidence rate ratios and 95% confidence inter-
vals comparing households where the woman received in-
fluenza vaccination with householdswhere thewoman received
meningococcal vaccination were calculated. The household
was the unit of analysis, with number of events per house-
hold as the outcome and the total follow-up time for the
household as the numerator. Follow-up time was calculated
as beginning at enrollment of the household contacts and
ending when the enrolled woman in the household exited the
study for any reason. The rate of ILI, LCI, and H1N1-LCI
among household contacts younger than five years was also
calculated by covariates of interest and compared using
Poisson regression. The GENMOD procedure was used in
SAS (SAS 9.4, SAS Institute Inc., Cary, NC) with the offset
variable as the natural log of household follow-up time. De-
viance divided by degrees of freedomwas used to assess for
model fit. Separate stratified Poisson models were created
for each variable to look for effect measure modification of
the association between maternal vaccination and house-
hold influenza risk by maternal education level, SES, and
household crowding. Effect measure modification was
assessed by inclusion of an interaction term in themodel and
the type III P-value for the interaction term was used to de-
termine significance.
Secondary infection rate. The SIRwas calculated for each

household for LCI, and H1N1-LCI among all followed partici-
pants including the vaccinated women, the infants born to the
vaccinatedwomen, and the household contacts younger than
five years. The SIR was calculated only among households
with at least one outcome event; specifically, among house-
holds where one individual had LCI, the SIRwas calculated as
the number of secondary LCI episodes occurring in the

160 BUCHWALD AND OTHERS



household within 14 days of the index LCI case divided by the
total number of followed household members at risk for LCI.
A secondary case was defined as any LCI occurring within a
14-daywindowafter the index LCI in the household. The index
case was not considered at risk of being a secondary case. A
single household could have multiple index cases if a new in-
fluenza infection was detected more than 2 weeks after any
previous infections. Thesamewasdone for laboratory-confirmed
H1N1 influenza. All analyses were completed using SAS 9.4.

RESULTS

Of 4,181 women enrolled in the parent study, 2,708 had at
least one contact younger than five years living in the house-
hold andwere included in thecurrent analysis.Mean follow-up
time was 228 days (SD = 45), with a range from 7 days to
430 days. Therewas a total of 5,345 children younger than five
years in the 2,708 households in this study; the mean number
of children younger than five years per household was 1.98.
Additional household characteristics were similar (Table 1).
Among the participating household contacts, there were
2,997 ILI episodes with an average of 0.56 ILI episodes per
child. The 2,028 household contacts with ILI episodes had an
average of 1.5 episodes, and ranged from one to seven epi-
sodes per child.
There were 2,957 samples tested for influenza from the

2,997 (98.7%) ILI episodes; 276 of thesewere LCI, 89 of which
were H1N1-LCI influenza. Any maternal secondary educa-
tion, high SES, and high household crowdingwere associated
with a decreased rate of ILI among household contacts
(Supplemental Table 1). High household crowding and high
SES were associated with a decreased rate of LCI and a de-
creased rate of H1N1-LCI (Table 2 andSupplemental Table 2).
The overall rate of LCI among children younger than five years
was 23 LCI events per 100,000 days of follow-up.
Although not statistically significant, the rates of ILI, LCI,

and H1N1-LCI among household contacts younger than 5

years were all lower in households where the woman received
influenza vaccination than in households where the woman
received meningococcal vaccination (Table 3). The strongest
effect of having a woman in the household receive influenza
vaccinationwas observedon laboratory-confirmedH1N1-LCI
where the rate ratio (RtR) forH1N1-LCI comparinghouseholds
with influenza vaccination to households with meningococcal
vaccination was 0.73 (95% CI: 0.48, 1.11).
On stratification by covariates, SES, maternal education,

and household crowding were all identified as effect measure
modifiers. The association between influenza vaccination and
rate of H1N1-LCI among household contacts was strongest
among households where the vaccinated woman had no
formal education or Koranic only (RR = 0.70 [95% CI: 0.44,
1.09]), was of low SES (RR = 0.67 [95%CI: 0.42, 1.07]), or had
high household crowding (RR = 0.26 [95% CI: 0.07, 0.95])
(Table 4). Similar effect measure modification was observed
for the outcomes of LCI and ILI; however, the association did not
approach statistical significance in any strata (Supplemental
Tables 3 and 4).
Secondary infection rate.Therewere 326householdswith

at least one index LCI case. There were 352 distinct index
LCI cases and 56 secondary cases. Secondary infection rate
was low, with an average of 5% of susceptible individuals in a
household developing secondary infections. Secondary in-
fection rates of 5.8% and 4.6% were observed among
households where the randomized woman received influenza
vaccination and among control households; this difference
was not statistically significant (P = 0.45).
There were 112 households with laboratory-confirmed

H1N1-LCI cases, including 116 index cases and 21 second-
ary H1N1-LCI cases. Secondary infection rate was 5.5%
among households where the randomized woman received
influenza vaccination and 5.8% among control households;
this difference was not statistically significant (P = 0.30).

DISCUSSION

This study is the first published research examining the effect
of vaccinating a single adult in a household against influenza on

TABLE 1
Population characteristics at enrollment by household randomization
status

Baseline characteristics

Households of women
randomized to

influenza vaccine

Households of women
randomized to

meningococcal vaccine

Number of women 1,357 1,351
Maternal age in years,
mean (SD)

25 (6) 26 (6)

Maternal education level, N (%)
No education 609 (44.9) 623 (46.1)
Some primary 621 (45.8) 610 (45.1)
Secondary or above 127 (9.4) 118 (8.7)

Total children enrolled 2,689 2,656
Male children, N (%) 1,315 (48.9) 1,343 (50.6)
Child age in months,
mean (SD)

29 (14) 29 (14)

Number of people per
household, median
(IQR)

9 (5, 18) 9 (5, 18)

Ratio of people to
rooms, mean (SD)

2.98 (1.57) 2.89 (1.3)

Socioeconomic status
index, mean (SD)

0.03 (3.64) −0.03 (3.55)

Number of children per
household enrolled,
median (IQR)

1 (1, 3) 1 (1, 3)

IQR = interquartile range.

TABLE 2
Bivariate association between covariates and rate of LCI among

household contacts younger than five years

Covariate
Number
of LCI

Total person
days of
follow-up

Rate per
100,000
days Rate ratio

Maternal education level
No formal
education or
Koranic only

161 712,363 23 1.0 (REF)

Any primary 100 402,338 25 1.10 (0.86, 1.41)
Any secondary 15 109,717 14 0.60 (0.36, 1.03)

Household size
Fewer than 5 42 183,874 23 1.0 (REF)
5–9 63 248,975 25 1.11 (0.75, 1.64)
10 or more 171 791,569 22 0.95 (0.67, 1.32)

Household crowding
Low 88 309,818 28 1.0 (REF)
Medium 134 584,288 23 0.81 (0.62, 1.06)
High 54 330,312 16 0.58 (0.41, 0.81)

Socioeconomic status
Lowest 25% 65 226,892 29 1.0 (REF)
Medium 50% 149 611,960 24 0.85 (0.63, 1.14)
Highest 25% 62 385,566 16 0.56 (0.40, 0.79)
LCI = laboratory-confirmed influenza.
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the incidence of LCI in children younger than 5 years, a high-risk
group. Moreover, this effect was observed prospectively in a
studypopulationwhere therewasvirtuallynoaccess to influenza
vaccine outside of the study. Despite the low incidence of LCI in
our study, there is evidence that influenzavaccinationof adults in
a low-resource setting may decrease household transmission
among young children and the effect may be greater among
households with more crowding.
Influenza transmission in any population, including at the

household level, can result in an outbreak so long as the
number of susceptible individuals in the population is greater
than a given fraction of the population. This fraction varies
widely depending on the specific population or the viral
strain.18 However, in any situation, increasing the number of
immune or vaccinated individuals in the population should
decrease the risk of outbreak among the remaining fraction
of the population. The effect size detected in this study was
small, but given a median household size of nine individuals,
even this effect is impressive and warrants further exami-
nation of the effect of maternal vaccination on household
influenza transmission using viral sequencing andmolecular
epidemiological tools.
The SIR was low in our study population, with only 5% of

household members contracting symptomatic influenza after

an index case was identified, compared with most studies,
where SIR ranges from 8% to 20%.8,9,11,19,20 Although low,
the SIR was comparable with the only previous study of
household transmission in Africa where, in Kenya, the SIR
ranged from 6% to 10%.21 Low SIR was consistent with the
finding that increasing household crowding was associated
with decreased infection rate in this population. The lowSIR in
African studies is surprising, given that previous research in
North America has suggested that individuals in resource-
poor areas have a higher risk of influenza compared with
wealthier areas.22 However, in tropical and subtropical set-
tings, household layouts tend to be more open to the envi-
ronment, and individuals spend more time at home outdoors
than in colder climates, suggesting that decreasing material
resources may not always be associated with increased in-
fluenza risk.
We only tested for influenza infection among symptomatic

household contacts, potentially missing asymptomatic sec-
ondary infections and decreasing our estimate of SIR. Low
overall SIR may also have been a consequence of the specific
population included and followed in this study: household con-
tacts followed in this study were all younger than five years.
Previous research has found that most household influenza
transmission occurs among school-aged children.13,19,21,23 We
may have foundmore evidence of household transmission if
we had included school-aged children in surveillance,
suggesting a need for future research in this setting focus-
ing on a high-disease population.
The finding that increasing household crowding was associ-

ated with decreased infection adds to a wealth of literature with
varied findings about the impact of household size and crowding
on influenza risk. Only one previous study looked at household
crowding specifically: in contrast to our results, researchers in
Malawi found that crowding was associated with an increased
risk of influenza.24 Likewise, data on the association between
household size and influenza risk are inconsistent, with large
household size being associated with increased influenza sero-
prevalence inDjibouti,25 but the studyof household transmission
in Kenya finding no effect of household size.21

Studies outside of Africa have found similarly varied re-
sults for the impact of household composition on household

TABLE 3
Rate ratio of influenza-like illness, LCI, and H1N1-LCI among house-
hold contacts younger than five years comparing households with
maternal influenza vaccination to households with maternal me-
ningococcal vaccination

Maternal vaccine
Number
of events

Total person
days of
follow-up

Rate per
100,000
days Rate ratio (95% CI)

Influenza-like illness
Meningococcal 1,519 607,768 250 1.00 (REF)
Influenza 1,487 616,650 241 0.96 (0.89, 1.04)

LCI
Meningococcal 144 607,768 24 1.00 (REF)
Influenza 132 616,650 21 0.90 (0.71, 1.14)

H1N1-LCI
Meningococcal 51 607,768 8.4 1.00 (REF)
Influenza 38 616,650 6.2 0.73 (0.48, 1.11)
LCI = laboratory-confirmed influenza; CI = confidence interval.

TABLE 4
Effect modification of the association between maternal vaccination status and rate of H1N1-LCI among household contacts younger than five
years by household covariates

Household covariate Vaccine H1N1-LCI events Follow-up time (days) Rate per 100,000 days Rate ratio

Socioeconomic status
High Influenza 8 190,364 4.2 1.02 (0.38, 2.73)

Meningococcal 8 195,202 4.1 1.00 (REF)
Med-low Influenza 30 426,286 7.0 0.67 (0.42, 1.07)

Meningococcal 43 412,566 10.0 1.00 (REF)
Maternal education
None Influenza 32 510,370 6.3 0.70 (0.44, 1.09)

Meningococcal 46 512,020 9.0 1.00 (REF)
Primary or more Influenza 6 106,280 5.6 1.08 (0.33, 3.54)

Meningococcal 5 95,748 5.2 1.00 (REF)
Household crowding
Low Influenza 10 154,050 6.5 0.59 (0.27, 1.30)

Meningococcal 17 155,768 10.9 1.00 (REF)
Medium Influenza 25 286,460 8.7 1.08 (0.62, 1.90)

Meningococcal 24 297,828 8.1 1.00 (REF)
High Influenza 3 176,140 1.7 0.26 (0.07, 0.95)

Meningococcal 10 154,172 6.5 1.00 (REF)
LCI = laboratory-confirmed influenza.
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influenza transmission. Studies in the United States, United
Kingdom, and Laos, in agreement with our results, found in-
creasing household size to be associated with decreasing
probability of household transmission.23,25–27 However, an-
other study in Japan examining risk factors of household
transmission found that living in a larger household was
associated with increased risk of household-acquired in-
fection.28 The inconsistency in the association between
household size and infection suggests that household size
may be a poor indicator for predicting household influenza
transmission. Household size is likely dependent on various
cultural factors differing greatly between regions, and mea-
suring household size may be insufficient to capture the
behavioral factors necessary for influenza transmission to
occur.
This study did not include sequencing of viral strains; thus,

we lacked the ability to concretely determine transmission
routes. We were unable to determine whether consecutive
infections in a householdwere caused by a single introduction
of the influenza virus or frommultiple introductions. The study
reported herein lacked power, as the effect of vaccination on
household transmissionwasnot theprimary aimof this clinical
trial. Given the low rate of the most specific outcome, H1N1-
LCI, we had only 50% power to detect an incidence RtR of
0.73 at an alpha level of 0.05. In addition, household contacts
followed were all younger than five years. Although this is the
population with the greatest influenza-related morbidity and
mortality, most household transmission occurs among older,
school-aged children.13,19,21,23 Despite these limitations, we
could uniquely examine the effect of influenza vaccination of a
single adult in the household without any background vacci-
nation and the randomized design of the trial strengthens any
inferences. Previous research on the effect of vaccination on
household transmission has depended on the initial detection
of index cases to define cohorts. By contrast, we followed all
participants for influenza, ensuring greater generalizability by
not selecting for a high-disease cohort. Our study also differed
from previous research in that samples were only collected if
participants demonstrated symptoms of ILI; thus, we likely
failed to capture household transmission among asymptom-
atic individuals. Asymptomatic infection did occur in the
study, as influenza was detected in healthy infants (un-
published data), suggesting that the SIR we report here is an
underestimate.
Seasonal influenza vaccination is not routine in low-income

countries, particularly in sub-Saharan Africa. Among 14 Afri-
can nations surveyed for influenza vaccination, only four
countries were found to have any seasonal vaccine available,
and in these countries vaccination rates ranged from less than
2% to nomore than 6%of the population.3 Compounding the
issue, access to antiviral medications for influenza is limited in
low-income countries.3 Maternal immunization against in-
fluenza is a compelling strategy for introducing routine vac-
cination into a population given that pregnant women come
into regular contact with the health-care system and, with a
single vaccination, it benefits both the mother and the new-
born infant, two groups at high risk for severe disease.16,29,30

This study adds additional evidence of a benefit of mater-
nal vaccination. Countries considering introducing routine
maternal influenza vaccination should incorporate the po-
tential impact of maternal vaccination on household trans-
mission into cost-effectiveness analyses of these programs.

Overall, the rates of ILI, LCI, and laboratory-confirmed
H1N1were consistently lower among householdswhere the
vaccinated adult had been randomized to influenza vacci-
nation. Stratification of the most sensitive outcome revealed
that this effect wasmost pronounced among households with
low maternal education, low socioeconomic status, and high
levels of household crowding. Future studies designed to
capture secondary infection in sub-Saharan Africa are war-
ranted. These data suggest that even low-coverage influenza
vaccination among easy to access populations could lead to
decreases in influenza illness amongvulnerable populations in
low-resource settings.
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10. Viboud C, Boëlle PY, Cauchemez S, Lavenu A, Valleron AJ,
Flahault A, Carrat F, 2004. Risk factors of influenza trans-
mission in households. Br J Gen Pract 54: 684–689.

11. Iyengar P et al., 2015. Case-ascertained study of household
transmission of seasonal influenza—South Africa, 2013.
J Infect 71: 578–586.

12. Grizas AP, Camenga D, Vázquez M, 2012. Cocooning: a concept
to protect young children from infectious diseases. Curr Opin
Pediatr 24: 92–97.

13. Hurwitz ES, Haber M, Chang A, Shope T, Teo S, Ginsberg M,
Waecker N, Cox NJ, 2000. Effectiveness of influenza vaccina-
tion of day care children in reducing influenza-related mor-
bidity among household contacts. JAMA 284: 1677–1682.

14. Loeb M et al., 2010. Effect of influenza vaccination of children on
infection rates in Hutterite communities: a randomized trial.
JAMA 303: 943–950.

15. Maltezou HC et al., 2013. Impact of postpartum influenza
vaccination of mothers and household contacts in preventing
febrile episodes, influenza-like illness, healthcare seeking,
and administration of antibiotics in young infants during
the 2012–2013 influenza season. Clin Infect Dis 57:
1520–1526.

16. Tapia MD et al., 2016. Maternal immunisation with trivalent inac-
tivated influenza vaccine for prevention of influenza in infants in
Mali: a prospective, active-controlled, observer-blind, rando-
mised phase 4 trial. Lancet Infect Dis 16: 1026–1035.

17. Vyas S, Kumaranayake L, 2006. Constructing socio-economic
status indices: how to use principal components analysis.
Health Policy Plan 21: 459–468.

18. Biggerstaff M, Cauchemez S, Reed C, Gambhir M, Finelli L, 2014.
Estimates of the reproduction number for seasonal, pandemic,
and zoonotic influenza: a systematic review of the literature.
BMC Infect Dis 14: 480.

19. Cowling BJ et al., 2010. Comparative epidemiology of pandemic
and seasonal influenza A in households. New Engl J Med 362:
2175–2184.

20. Thai PQ et al., 2014. Pandemic H1N1 virus transmission and
shedding dynamics in index case households of a prospective
Vietnamese cohort. J Infect 68: 581–590.

21. Judd MC, Emukule GO, Njuguna H, McMorrow ML, Arunga GO,
Katz MA, Montgomery JM, Wong JM, Breiman RF, Mott JA,
2015. The role of HIV in the household introduction and trans-
mission of influenza in an urban slum, Nairobi, Kenya,
2008–2011. J Infect Dis 212: 740–744.

22. Charland KM, Brownstein JS, Verma A, Brien S, Buckeridge DL,
2011. Socio-economic disparities in the burden of seasonal
influenza: the effect of social and material deprivation on rates
of influenza infection. PLoS One 6: e17207.

23. Azman AS, Stark JH, Althouse BM, Vukotich CJ Jr., Stebbins S,
Burke DS, Cummings DA, 2013. Household transmission of in-
fluenza A and B in a school-based study of non-pharmaceutical
interventions. Epidemics 5: 181–186.

24. Ho A et al., 2018. Impact of HIV on the burden and severity of
influenza illness in Malawian adults: a prospective cohort and
parallel case-control study. Clin Infect Dis 66: 865–876.

25. Andayi F et al., 2014. Determinants of individuals’ risks to 2009
pandemic influenza virus infection at household level amongst
Djibouti city residents-A CoPanFlu cross-sectional study. Virol
J 11: 13.

26. House T et al., 2012. Estimation of outbreak severity and trans-
missibility: influenzaA (H1N1) pdm09 in households.BMCMed
10: 117.

27. Kieffer A et al., 2013. 2009 A (H1N1) seroconversion rates and
risk factors among the general population in Vientiane capital,
Laos. PLoS One 8: e61909.

28. Hirotsu N, Wada K, Oshitani H, 2012. Risk factors of household
transmission of pandemic (H1N1) 2009 among patients treated
with antivirals: a prospective study at a primary clinic in Japan.
PLoS One 7: e31519.

29. Macias AE, Precioso AR, Falsey AR, 2015. The Global Influenza
Initiative recommendations for the vaccination of pregnant
women against seasonal influenza. Influenza Other Respir
Viruses 9: 31–37.

30. Lindsey B, Kampmann B, Jones C, 2013. Maternal immunization
as a strategy to decrease susceptibility to infection in newborn
infants. Curr Opin Infect Dis 26: 248–253.

164 BUCHWALD AND OTHERS


