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Abstract: This analysis includes pooled data from 2 placebo-controlled
maternal influenza immunization trials, with a separate analysis on a
meningococcal conjugate vaccine-controlled maternal influenza immuniza-
tion trial. Maternal influenza immunization was not associated with infant
or maternal all-cause mortality in placebo-controlled trials. In the menin-
gococcal conjugate vaccine-controlled trial, there were fewer deaths dur-
ing low or any influenza circulation weeks among infants whose mothers
received meningococcal conjugate vaccine. ClinicalTrials.gov identifiers:
NCT01430689, NCT01034254 and NCT02465190.
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Inﬂuenza is an important cause of morbidity and mortality in
young infants.! Pregnant women are also at increased risk of
developing severe illness compared with non-pregnant women.?
Sanofi’s Vaxigrip has recently received label indication for active
immunization in pregnant women, in addition to passive protection
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of infants less than 6 months of age as maternal influenza immuni-
zation can protect infants through the transfer of maternal antibod-
ies.* Multiple randomized controlled trials have demonstrated that
maternal influenza immunization is effective in protecting against
influenza infection in both mothers and young infants.*”

Meningococcal infection also causes high mortality in
infants, who are at high risk of invasive infection.® Vaccination has
proven to be a successful strategy for reducing overall meningo-
coccal incidence.” However, meningococcal vaccines are usually
administered to infants between 2 and 4 months of age, indicating
that prior to vaccination, the only source of protection is maternal
antibodies transferred via the placenta.

Exploring the impact of maternal influenza immunization
on all-cause mortality in women and infants is important for deter-
mining the safety of this intervention. Previous trial reports did not
describe a difference in maternal or infant mortality amongst study
arms.>”’ By pooling data from recent placebo-controlled clinical tri-
als in Nepal and South Africa, power is higher to detect differences
in maternal and infant mortality, as well as mortality by periods of
influenza circulation. As meningococcal conjugate vaccine (MCV)
may have a biologic impact on all-cause mortality, we also sepa-
rately compared mortality in women receiving influenza immuniza-
tion during pregnancy and their infants to those who received MCV
using maternal influenza immunization trial data from Mali, where
MCV was used as a control.

MATERIALS AND METHODS

Methods, procedures and initial results from the 3 clinical
trials have been previously described.>” Each trial was initially
designed as a separate study funded by the Bill & Melinda Gates
Foundation, although pooled analyses of selected study outcomes
were planned prior to trial completion. Study protocols and pro-
cedures were then coordinated between investigators for the com-
parison of future results, and planned analyses have been outlined
in previous publications.!’ For this analysis, data from Nepal and
South Africa trials, which used placebo controls, are pooled. Mali
trial data, where MCV control was used, are analyzed separately,
as this intervention may have a biologic impact on all-cause mor-
tality and would be inappropriate to pool with placebo-controlled
trials.

Each trial included active, proactive surveillance for influ-
enza. Therefore, conventional cutoffs for passive surveillance are
not applicable. Study weeks with at least one positive influenza
sample collected from women or infants were considered weeks
with active influenza circulation. Active influenza circulation weeks
were stratified by weeks of high circulation (= 0.25% of subjects at
risk tested positive for influenza in a week), and low circulation
(0% to 0.25% of subjects at risk tested positive for influenza in a
week). The cutoffs were chosen based on influenza circulation data
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from each trial in consultation with teams from each study site to
ensure sufficient high and low weeks of influenza circulation, as
well as to create a uniform definition to be used for analysis. Data
from previous influenza seasons was not used, as there was not con-
sistent data available across study sites.

Poisson regression models were used to estimate incidence
rate ratios (IRR). Follow-up time for infants was 6 months in Nepal
and Mali and 24 weeks in South Africa. Pooled estimates of all-
cause mortality, based on random intercept models, were adjusted
for the effects of site. Interaction by site was considered for pooled
estimates, and interaction was significant for infant mortality dur-
ing no influenza circulation weeks. Statistical analyses were per-
formed using Stata version 14.2 (Stata Corp., College Station, TX).
The study protocols were reviewed and approved by institutional
review boards from the partner entities involved in this analysis.>”
The 3 trials were registered with ClinicalTrials.gov (trial numbers:
NCT01430689, NCT01034254 and NCT02465190).

RESULTS

The pooled analysis included 5809 women (2909 received
IV vaccine and 2900 received placebo control), and 5695 total
live eligible infants born (2846 live-births to mothers who received
IV and 2849 live-births to mothers who received placebo control).
In Mali, 4193 women were included (2108 received IIV and 2085
received MCV), along with 4105 live-born infants (2064 live-births
to mothers who received IIV and 2041 to mothers who received
MCV) (Figure S1, Supplemental Digital Content 1, http:/links.
Iww.com/INF/D947). Stillbirths, miscarriages and abortions were
excluded. The distributions of maternal characteristics have been
shared in previous publications, demonstrating that the intervention
and control groups in the individual trials were similar in terms of
maternal age, and gestational age at enrollment.>”’

In infants, there was no association in mortality between the
IIV arm and the placebo arm [IRR: 1.05; 95% confidence interval
(CI): 0.76-1.44]. The same was true for mortality in the women
(IRR: 0.80; 95% CI: 0.21-2.96) (Table 1). There was similarly no
association in pooled placebo-controlled mortality in infants and
women during periods of high, low, any, and no weekly influenza
circulation (Table 2; Table S1, Supplemental Digital Content 2,
http://links.lww.com/INF/D795). In South Africa, there were fewer
deaths among infants whose mother had received IV during weeks
with no influenza circulation (Table 2).

In Mali, there was no difference between study arms in
terms of infant mortality overall (IRR: 1.40; 95% CI: 0.92-2.14)
(Table 1). This was also true during weeks of no and high influenza
circulation. However, there was lower mortality in infants in the

MCV arm during weeks with low influenza circulation compared
with those in the IIV arm (IRR: 3.29; 95% CI: 1.50-7.25). Similar
results were obtained when weeks with any influenza circulation
were analyzed (IRR: 2.05; 95% CI: 1.08-3.88) (Table 2). The study
arms were similar in terms of maternal mortality in Mali, including
during weeks of no, low, high or any influenza circulation (Table
1; Table S1, Supplemental Digital Content 1, http://links.lww.com/
INF/D795).

DISCUSSION

Overall, we did not find an association between maternal
influenza immunization and infant or maternal mortality in trials
using placebo control. In South Africa, however, we observed fewer
deaths during weeks with no influenza circulation among infants
whose mother had received IIV. Previous pooled analyses of these
trials demonstrated that in South Africa, there was also a decrease
in severe pneumonia during periods with no influenza circulation,
an effect that was not seen in Nepal or Mali.!' Therefore, preven-
tion of the sequelae of influenza may lead to protection that lags the
influenza season.

Influenza immunization has been reported to decrease mor-
tality in pediatric and adult populations.'> However, our findings
are consistent with observational studies on maternal influenza
immunization in larger populations, which have also not shown
a difference in infant mortality between infants whose mother
received influenza vaccine and those whose mother did not.!>!
There is some evidence that influenza during pregnancy may not
be associated with maternal mortality, and it is, therefore, possible
that maternal influenza immunization may not be associated with
maternal mortality even with a larger sample size.>'> Additionally,
pooled analyses of these trials demonstrated safety in terms of
negative birth outcomes, including stillbirth (manuscript in press).

Mortality is a statistically rare outcome. Despite combining
data from placebo-controlled trials, power in this analysis is likely
still too low to detect important differences in mortality between
treatment groups. There are also differing point estimates for infant
mortality between Nepal and South Africa despite having similar
baseline rates of infant mortality, demonstrating that results from a
single geography should be interpreted with caution. Despite these
limitations, there are few randomized controlled trials for which
this data is available, and it is, therefore, important to disclose these
findings. Given that these results, along with other available evi-
dence, support current immunization policies in terms of safety,
further trials may not be warranted or even ethical.

In Mali, the mortality rate was lower among infants whose
mother received MCV during pregnancy compared with those born

TABLE 1. Incidence of Infant and Mother Deaths

Intervention Control Incidence Rate
Ratio (95% Confidence
Deaths Person-years Incidence* Deaths Person-years Incidence* Interval) P-value

Infants

Nepal 60 872.2 68.8 51 878.5 58.0 1.18 (0.82-1.72) 0.37

Mali 52 931.0 55.8 37 929.1 39.8 1.40 (0.92-2.14) 0.12

South Africa 15 468.6 32.0 21 466.8 45.0 0.71 (0.37-1.38) 0.31

Pooled 75 1340.7 55.9 72 1345.2 53.5 1.05 (0.76-1.44) 0.78
Mother

Nepal 2 1470.3 1.4 5 1464.3 3.4 0.40 (0.08-2.05) 0.27

Mali 2 1259.6 1.6 3 1253.8 2.4 0.66 (0.11-3.97) 0.65

South Africa 2 707.4 2.8 0 700.8 - - -

Pooled 4 2177.8 1.8 5 2165.0 2.3 0.80 (0.21-2.96) 0.73

*Per 1000 person-years.
TPooled estimates included placebo-controlled trials only (Nepal and South Africa).
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TABLE 2. Incidence of Infant Deaths by Weekly Influenza Circulation
Intervention Control Incidence Rate
Ratio (95% Confidence
Deaths Person-years Incidence* Deaths Person-years Incidence* Interval) P-value
No
Nepal 26 418.4 62.1 27 420.7 64.2 0.97 (0.56-1.66) 0.91
Mali 23 539.3 42.6 23 540.0 42.6 1.00 (0.56-1.78) 0.99
South Africa 3 314.5 9.5 13 311.1 41.8 0.23 (0.06-0.80) 0.02
Pooledt 29 732.9 39.6 40 731.8 54.6 0.72 (0.45-1.17) 0.19
Low
Nepal 26 393.4 66.1 21 393.4 53.4 1.24 (0.70-2.20) 0.47
Mali 27 331.8 814 8 330.4 24.2 3.36 (1.563-7.40) 0.003
South Africa 7 116.9 59.9 6 119.3 50.3 1.19 (0.40-3.54) 0.75
Pooledf 33 510.3 64.7 27 512.7 52.7 1.23 (0.74-2.04) 0.43
High
Nepal 8 91.9 87.0 3 95.2 315 2.76 (0.73-10.40) 0.13
Mali 2 130.0 15.4 6 1294 46.4 0.33 (0.07-1.64) 0.18
South Africa 5 80.1 62.4 2 81.5 24.5 2.54(0.49-13.11) 0.26
Pooledt 13 172.0 75.6 5 176.6 28.3 2.67 (0.95-7.49) 0.06
Any}
Nepal 34 485.3 70.1 24 488.5 49.1 1.43 (0.84-2.40) 0.18
Mali 29 461.8 62.8 14 459.7 30.4 2.06 (1.09-3.90) 0.03
South Africa 12 197.0 60.9 8 200.8 39.8 1.53 (0.62-3.74) 0.35
Pooledt 46 682.3 67.4 32 689.3 46.4 1.45 (0.92-2.28) 0.10

*Per 1000 person-years.
TPooled estimates included placebo-controlled trials only (Nepal and South Africa).
FAny influenza circulation includes weeks with high or low influenza circulation.

to women who received IV during weeks of low or any influenza
circulation. As we did not find a difference in infant mortality when
placebo control was used, and there was lower incidence of infant
mortality in the MCV arm in Mali compared with the placebo arms
in Nepal and South Africa, it is unlikely that maternal IV increased
mortality. It may be possible that this estimate was instead driven
by a beneficial effect of maternal MCV. In 2002, bacteriology sur-
veillance for invasive bacterial disease in children under 16 years
of age began at Hopital Gabriel Toure (HGT) in Bamako, Mali.'¢
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Monthly meningococcal infection data were available from Sep-
tember 2011 to February 2013. When comparing monthly infant
deaths in the Mali trial to monthly positive meningococcal cultures
collected at the hospital, there tended to be more divergence in the
infant deaths between study arms in months with more positive
meningococcal cases; there were fewer deaths in the MCV arm
compared with the IIV arm (Fig. 1).

Additionally, there is evidence that increased influenza
circulation is associated with higher incidence of meningococcal
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FIGURE 1. Positive Meningococcal Cultures in Bamako, Mali, and Mali Monthly Deaths by Study Arm.
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disease during the same week, which may explain why there were
few deaths in the MCV arm in weeks with low or any influenza
circulation.!” A recent analysis of this trial has shown that mater-
nal MCV was successful in transferring protective antibodies to
infants.'

Although this suggests that maternal MCV vaccine may have
been protective against infant mortality, there were no deaths that
were known to occur due to meningococcal disease in either study
arm in Mali.® It is unlikely that there were high levels of undetected
disease due to the design of the study. Severely ill patients were
referred to HGT during weekly household visits, where suspected
invasive bacterial infections resulted in blood culture, as well as
culture of any other normally sterile body fluid. Nevertheless, there
was no standard case definition for invasive meningococcal disease
among study participants, and cultures of blood or cerebrospinal
fluid for those not meeting HGT surveillance criteria were not
standard practice. The benefits maternal MCV immunization might
have for young infants may be an area for future investigation.
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