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Abstract

Background—Information on the mortality burden associated with seasonal and pandemic
influenza virus infection among pregnant women is scarce in most settings, particularly in sub-
Saharan Africa where pregnancy and maternal mortality rates as well as human immunodeficiency
virus (HIV) prevalence are elevated.

Methods—We used an ecological study design to estimate the seasonal and A(H1IN1)pdm09
influenza-associated mortality among pregnant and nonpregnant women of childbearing age (15—
49 years) by HIV serostatus during 1999-2009 in South Africa. Mortality rates were expressed per
100 000 person-years.
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Results—During 1999-2009, the estimated mean annual seasonal influenza—associated mortality
rates were 12.6 (123 deaths) and 7.3 (914 deaths) among pregnant and nonpregnant women,
respectively. Among pregnant women, the estimated mean annual seasonal influenza—associated
mortality rates were 74.9 (109 deaths) among HIV-infected and 1.5 (14 deaths) among HIV-
uninfected individuals. Among nonpregnant women, the estimated mean annual seasonal
influenza—associated mortality rate was 41.2 (824 deaths) among HIV-infected and 0.9 (90 deaths)
among HIV-uninfected individuals. Pregnant women experienced an increased risk of seasonal
influenza—associated mortality compared with nonpregnant women (relative risk [RR], 2.8; 95%
confidence interval [CI], 1.7-3.9). In 2009, the estimated influenza A(H1N1)pdmO09-associated
mortality rates were 19.3 (181 deaths) and 9.4 (1189 deaths) among pregnant and nonpregnant
women, respectively (RR, 3.2; 95% Cl, 2.3-4.1).

Conclusions—Among women of childbearing age, the majority of estimated seasonal
influenza—associated deaths occurred in HIV-infected individuals. Pregnant women experienced an
increased risk of death associated with seasonal and A(H1N1)pdmQ9 influenza infection compared
with nonpregnant women.
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“Those most vulnerable of all to influenza, those most likely of the most likely to die, were
pregnant women. And these women were the most likely group to already have other
children, so an unknown but enormous number of children lost their mothers”, observed
John Barry, writing about the 1918 influenza pandemic in 7he Great Influenza (p. 239) [1].

The elevated burden of influenza-associated mortality among pregnant women during
influenza pandemics is well documented [2-9]. Although less well described, increased risk
of seasonal influenza—associated mortality among pregnant women has been suggested [10],
and several studies have described an increased risk of seasonal influenza—associated
hospitalization in this group [11-13].

The World Health Organization considers pregnant women to be the top priority group for
influenza vaccination because of their increased risk of severe disease and death in addition
to complications such as stillbirth, neonatal death, preterm delivery, and decreased birth
weight subsequent to influenza infection. In addition, children aged <6 months are not
eligible to receive currently licensed influenza vaccines and should be protected against
influenza through vaccination of their mothers during pregnancy [14].

The reduction of maternal and child mortality is a key part of the Millennium Development
Goals [15, 16], and influenza immunization in pregnancy has been recommended as routine
component of antenatal care [17]. However, influenza immunization during pregnancy
remains underutilized, especially in low- and middle-income countries.

In 2014, the Board of the Global Alliance for Vaccine and Immunization advocated for more
evidence to fund influenza vaccines for pregnant women [18]. However, data on the
mortality burden associated with seasonal influenza virus infection among pregnant women
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remain severely limited in sub-Saharan Africa, where pregnancy and maternal mortality
rates as well as human immunodeficiency virus (HIV) prevalence are elevated.

In 2009 in South Africa, there were approximately 1 million pregnant women, accounting
for 7.3% of women of childbearing age (15-49 years) [19]. In the same year, the HIV
prevalence among pregnant and nonpregnant women of childbearing age was 25.3% and
23.7%, respectively [20].HIV-infected individuals are at increased risk for influenza-
associated severe disease and death [21-24] and are also considered an important target
group for influenza vaccination [14]. Since 2009, a limited number of doses of influenza
vaccine (approximately 1 million doses per year for a population of approximately 53
million people) have been made available in the public sector for high-risk groups, which
include young children, the elderly, pregnant or postpartum women, and persons of any age
with underlying medical conditions such as heart and lung diseases and HIV infection [25].
Approximately the same number of doses is available annually in the private sector. A better
understanding of the burden of influenza-associated mortality among pregnant women in
low- and middle-income countries could assist with the prioritization of interventions.

We aimed to estimate the burden and relative risk (RR) of seasonal and A(H1IN1)pdm09
influenza-associated mortality among South African pregnant women from 1999 through
2009 using nonpregnant women of childbearing age as a comparison group.

METHODS

Study Population and Definitions

Our study population was South African women of childbearing age (15-49 years). We
defined pregnant women as either pregnant or puerperal (within 42 days after childbirth).

Mortality Data and Population Denominators

We obtained data on underlying causes of death among pregnant and nonpregnant women of
childbearing age from Statistics South Africa from 1999 through 2009 [26]. For each
individual, we evaluated multiple underlying and contributing causes of death. Maternal
deaths were obtained using /nternational Classification of Diseases, Tenth Revision
(/CD-10) O codes. Thereafter, we used the /CD-10 codes to compile monthly mortality time
series for all-cause (/CD-10. any), all-respiratory (J00-J99), all-circulatory (100-199), and
pneumonia and influenza (J10-J18; a subset of all-respiratory deaths) deaths among
pregnant women and women of childbearing age (pregnant and nonpregnant). We adjusted
for annual maternal death underreporting using the estimates provided by the Health Data
Advisory and Co-ordination Committee of South Africa [27]. According to these estimates,
completeness of reporting ranged between 47% and 71% over the study period [28]. To
obtain the number of deaths among nonpregnant women, we subtracted the monthly
adjusted number of deaths among pregnant women from the monthly number of deaths
among all women of childbearing age (pregnant and nonpregnant).

Because of the important differences in the age distribution of pregnant and nonpregnant
women, we obtained number of deaths and population denominators by pregnancy status in
5 equal age groups (15-21, 22-28, 29-35, 36-42, and 43-49 years) to allow us to compare
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age-standardized mortality rates between pregnant and nonpregnant women. Midyear
population denominators were obtained from Statistics South Africa [19], and estimates of
HIV prevalence and highly active antiretroviral therapy (HAART) coverage among HIV-
infected pregnant and nonpregnant women by year and age group were obtained from the
Actuarial Society of South Africa AIDS and Demographic Model [20].

Influenza Surveillance Data

Prior to 2002, we obtained influenza virus data from influenza-like illness surveillance
implemented by the National Institute for Communicable Diseases, a division of the
National Health Laboratory Services (NHLS), South Africa [29]. From 2002 to 2009, we
acquired influenza virologic data from a national database (the NHLS corporate data
warehouse) that includes all patients tested by the NHLS laboratory network.

Estimation of Influenza-Associated Mortality

We conducted a 2-stage analysis; in the first stage we estimated the national mortality
burden of influenza among pregnant and nonpregnant women of childbearing age in South
Africa, and in the second stage we inferred the proportionate burden experienced by HIV-
infected and HIV-uninfected individuals using a previously developed methodology [21, 30].

In the first stage, to estimate seasonal and pandemic influenza-associated mortality, we fitted
regression models using a Poisson distribution and an identity link [21, 30] to the number of
monthly deaths among pregnant and nonpregnant women. The small number of deaths
among pregnant women did not allow us to obtain age group-specific estimates of
influenza-associated mortality. Hence, an overall estimate of influenza-associated mortality
among pregnant women aged 15-49 years was obtained. Conversely, for nonpregnant
women, available data allowed us to obtain estimates of influenza-associated mortality
within the age groups previously reported. The full model (model 1) included covariates for
time trends and seasonal variation as well as viral circulation. Model specification and
selection procedures are reported in the Supplementary Material.

In South Africa, the diagnosis of AIDS is rarely coded on the death certificate [26],
hindering direct estimation of influenza-associated mortality by HIV status. To assess the
proportionate mortality burden of influenza among HIV-infected and HIV-uninfected
individuals, we used a previously developed methodology [21, 30] that leverages the
increasing trend in HIV prevalence in South Africa. The rationale is that if HIV is a risk
factor for influenza-associated mortality, then influenza-related mortality rates should
increase over time proportionally to the observed increase in HIV prevalence. Our approach
also controls for increasing HAART coverage, which may decrease the severity of influenza
in HIV-infected patients [31]. In this second-stage analysis, we fit regression models (model
2) to annual estimates of influenza-associated excess mortality rates obtained from model 1,
including terms for HIV prevalence and HAART coverage, time trends, and dominant
influenza subtypes [21, 30]. Model specification, selection procedures, and full model
results are provided in Supplementary Table 1.
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Standardization of Influenza-Associated Mortality Rates

We used indirect standardization (using nonpregnant women as the standard population) to
compare the rates of influenza-associated mortality between pregnant and nonpregnant
women. The method used for annual standardization of rates is provided in the
Supplementary Material.

Rates were expressed per 100 000 person-years. The statistical analysis was implemented
using Stata software, version 12.1 (StataCorp, College Station, Texas).

Ethical Considerations

RESULTS

Because this analysis used only publicly available mortality data and de-identified and
aggregated laboratory data, the analysis was considered to be exempt from human subjects
ethics review.

Population and Mortality Data

In South Africa in 2009, there were approximately 13.7 million women of childbearing age,
of whom approximately 1 million were pregnant. Over the study period, the pregnancy rates
among women of childbearing age slowly declined from 9.6% in 1999 to 7.3% in 2009.
Pregnancy rates were highest among women aged 25-29 years (12.5%) and lowest among
women aged 45-49 years (0.6%). The median age was 26 and 37 years among pregnant and
nonpregnant women, respectively.

Among women of childbearing age, the HIV prevalence increased from 10.5% in 1999 to
22.8% in 2004, plateauing thereafter. In the same group, the HAART coverage among HIV-
infected individuals progressively increased from 0.9% in 2004 to 14.3% in 2009. Over the
study period, the HIV prevalence and HAART coverage were similar among pregnant and
nonpregnant women.

During 1999-2009, a mean of 3431 (range, 2434-3945) deaths were reported annually
among pregnant women, of which 1168 (34.0%) were attributable to respiratory and 432
(12.6%) to circulatory causes of death. Among nonpregnant women, the mean annual
number of deaths was 61 942 (range, 31 349-76 651), of which 20 183 (32.6%) were
attributable to respiratory and 8605 (13.9%) to circulatory causes of death.

Respiratory deaths among pregnant and nonpregnant women were seasonal, with peaks
observed during the winter months (May—August). In 2009 a second peak of mortality was
observed following the introduction of influenza A(HIN1)pdmO09 (Figure 1A and 1B).
Overall, mortality rates increased from 1999 to 2004 following the increasing HIV
prevalence in the population and decreased thereafter concomitantly with the progressive
rollout of HAART. A similar pattern was observed among the other underlying causes of
death evaluated in this study (data not shown).

Clin Infect Dis. Author manuscript; available in PMC 2017 November 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tempia et al.

Page 6

Influenza Laboratory Surveillance

A mean of 3337 (range, 227-15 321) samples were tested for influenza annually. The mean
annual number of specimens testing positive for influenza was 988 (30%). Over the study
period, the influenza season peaked between June and August, with 10 of the 11 years
experiencing peak activity (highest detection rate) in June-July (Figure 1C). In 2009, a first
wave of influenza A(H3N2) peaked in June, followed by a second wave of influenza
A(H1IN1)pdmO09 that peaked in August.

Influenza-Associated Mortality

During 1999-2009, the estimated mean annual all-cause seasonal influenza—associated
mortality rates obtained from model 1 were 12.6 (123 deaths) and 7.3 (914 deaths) among
preghant and nonpregnant women, respectively (Table 1). Among pregnant women, the
estimated mean annual seasonal influenza—associated mortality rates obtained from model 2
were 74.9 (109 deaths) and 1.5 (14 deaths) among HIV-infected and HIV-uninfected
individuals, respectively. Also using model 2, among nonpregnant women the estimated
mean annual seasonal influenza—associated mortality rate was 41.2 (824 deaths) among
HIV-infected and 0.9 (90 deaths) among HIV-uninfected individuals. Overall, pregnant
women experienced an increased risk of seasonal influenza—associated mortality compared
with nonpregnant women (all-cause HIV-adjusted and age-standardized RR, 2.8; 95%
confidence interval [C1], 1.7-3.9). The estimated risk of influenza-associated mortality
related to pregnancy was similar among HIV-uninfected (all-cause age-standardized RR, 2.4;
95% Cl, 2.1-2.7) and HIV-infected individuals (all-cause age-standardized RR, 2.9; 95% ClI,
2.1-3.7). A similar pattern was observed for the other underlying causes of death evaluated
in this study (Table 1).

In 2009 we estimated 113 all-cause seasonal influenza—associated deaths among pregnant
women, among whom 84 (74%) were HIV-infected. In the same year, we estimated 792 all-
cause seasonal influenza—associated deaths among nonpregnant women, of whom 617
(78%) were HIV-infected. In 2009 the estimated all-cause influenza A(H1IN1)pdmQ09-
associated mortality rates obtained from model 1 were 19.3 (181 deaths) and 9.4 (1189
deaths) among pregnant and nonpregnant women, respectively (Table 2). Pregnant women
had an estimated increased risk of influenza A(H1N1)pdmQ9-associated mortality compared
with nonpregnant women (all cause age-standardized RR, 3.2; 95% Cl, 2.3-4.1). This risk
was similar to that observed for seasonal influenza over the study period. A similar pattern
was observed for the other underlying cause of death evaluated in this study (Table 2).

The estimated risk of seasonal and A(H1N1)pdmO09 influenza—associated mortality during
pregnancy increased after age standardization and was highest, but not statistically different,
among circulatory deaths compared to the other causes of death evaluated in this study
(Tables 1 and 2).

DISCUSSION

We provide estimates of seasonal and A(H1IN1)pdmO09 influenza—associated mortality
among pregnant and nonpregnant women of childbearing age in a high-HIV-prevalence
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setting in Africa. Among women of childbearing age, the majority of estimated seasonal
influenza—associated deaths occurred among HIV-infected individuals. Pregnant women
experienced an approximately 3-fold increased risk of death associated with seasonal and
A(H1IN1)pdmO9 influenza infection compared with nonpregnant women.

We estimated that approximately 90% of seasonal influenza—associated deaths occurred
among HIV-infected women irrespective of the pregnancy status. HIV infection is a known
risk factor for severe outcome due to influenza virus infection [21-24, 30]. Modeling and
case-based studies conducted in South Africa reported a similar proportion of HIV-infected
individuals (80%-90%) among seasonal influenza—associated deaths and hospitalizations in
individuals 19-44 years of age [24, 30]. In 2009 in South Africa, 25 laboratory-confirmed
influenza A(HLN21)pdmO9 deaths were reported among pregnant or puerperal women.
Among those tested, 10 of 14 (71%) were HIV infected [8]. Although in our study we could
not estimate influenza A(H1N1)pdm09-associated mortality by HIV status, in 2009 we
estimated that 74% of seasonal influenza—associated deaths among pregnant women were
HIV infected. A meta-analysis conducted in 2013 reported nonsignificant association
between HIV infection and increased risk of seasonal and pandemic influenza-associated
mortality [32]; however, for seasonal influenza only 1 study was included in the review, and
recent data on increased risk of influenza-associated mortality among HIV-infected
individuals in South Africa [24] were not included.

Overall, pregnant women experienced an estimated increased risk of seasonal influenza—
associated mortality compared to nonpregnant women. Whereas HIV-infected pregnant and
nonpregnant women experienced an increased risk of influenza-associated mortality
compared with HIV-uninfected individuals, the increased risk associated with pregnancy was
similar among HIV-infected and HIV-uninfected women. To our knowledge, there are no
studies that quantify the risk of seasonal influenza—associated mortality during pregnancy. In
a systematic review conducted in 2013, no conclusions could be made about the risk of
seasonal influenza—associated mortality during pregnancy as no data were available,
highlighting the lack of knowledge in this domain and the need for further studies [32].
Nonetheless, assessing the risk of influenza-associated mortality during pregnancy using a
case-based cohort study design may not be feasible given the large sample size needed to
investigate such a rare event.

Pregnant women also experienced an estimated increased risk of influenza A(HLN1)pdm09-
associated mortality compared with nonpregnant women. Our estimated crude risk of
influenza A(H1N21)pdm0O9-associated mortality (all-cause RR, 1.7) during preghancy was
similar to the crude risk (RR, 1.9) reported in a global pooled analysis of risk factors for
severe outcomes following influenza A(H1N1)pdmO9 infection [9].

Although the estimated number of influenza A(H1N1) pdm09-associated deaths was higher
compared to seasonal influenza, the estimated RR of influenza-associated mortality during
pregnancy was similar for seasonal and A(H1IN1)pdmO09 influenza (all-cause, age-
standardized RR, 2.8 vs 3.2, respectively; with overlapping ClIs). This suggests that the
estimated higher number of influenza A(H1N1)pdmO09-associated deaths compared to
seasonal influenza deaths among pregnant women in 2009 may be due to the observed heavy
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burden of the pandemic virus among adolescents and young adults (the age group in which
the majority of pregnancies occur) rather than an increased lethality of the pandemic virus
during pregnancy. An age shift of the burden of influenza A(H1N1)pdmO09 toward younger
individuals has been reported in several countries [33], including South Africa [30, 34].
Similarly, a heavy burden of the pandemic influenza viruses of the 20th century among
adolescents and young adults has been documented [35]. Nonetheless, it cannot be excluded
that highly virulent influenza viruses could disproportionately affect pregnant women.
Although appropriate nonpregnant control groups were generally not available, mortality
rates among pregnant women during the severe 1918 and 1957 pandemics were reported to
be “abnormally” high [2, 4]. Conversely, the severity of influenza A(HIN1)pdmO9 in 2009
has been reported to be similar overall to those of seasonal influenza [24, 34, 36].

Our study has limitations that warrant discussion. First, accurate estimates of maternal
mortality remain difficult to obtain. Although we adjusted for underreporting of maternal
deaths, the uncertainty associated with this adjustment could not be estimated. Nonetheless,
our estimates are similar to global independent estimates of maternal mortality for South
Africa [37-39]. Second, due to the ecological nature of our study, we could not assess the
effect of comorbidities or behavioral factors on the estimated risk of influenza-associated
mortality during pregnancy. Third, because of poor recording of HIV infection in the death
register in the early years of our study, we utilized indirect methods to assess the mortality
burden among HIV-infected and HIV-uninfected individuals. The HIV epidemic in South
Africa is considered to be a major factor responsible for the increased mortality rates
observed over the years [40]; however, the lack of time-series data for other potential
comorbidities/risk factors may have resulted in overestimating the increased risk of death
associated with HIV infection. Last, whereas increased risk of hospitalization and death has
been reported during the second and third trimester of pregnancy and among women who
were <4 weeks postpartum [12, 13, 32], we could not estimate such differential risk in our
study as this information was not available.

In conclusion, we estimated that HIV-infected and pregnant women were at increased risk of
influenza-associated mortality. The trivalent inactivated influenza vaccine has been shown to
confer protection from influenza infection in pregnant women and their newborns [41, 42]
and has also been demonstrated to be effective in HIV-infected adults [43], including
pregnant women [44]. The increased risk of influenza-associated mortality among pregnant
women and HIV-infected individuals found in this study indicates that influenza
immunization may be most beneficial in these groups. Targeting influenza vaccination
specifically in these high-risk groups may be particularly relevant in low- and middle-
income countries where pregnancy and maternal mortality rates as well as HIV prevalence
are elevated.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Monthly mortality and influenza virus detection rates in South Africa, 1999-2009. A,

Observed all-respiratory deaths, predicted deaths, and predicted baseline (Model 1) among
pregnant women of childbearing age (15-49 years of age). B, Observed all-respiratory
deaths, predicted deaths, and predicted baseline (Model 1) among nonpregnant women of
childbearing age (15-49 years of age). C, Influenza detection rate (ie, monthly number of
positive specimens divided by total specimens). Observed deaths are adjusted for maternal
death underreporting.
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