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Infant outcomes among pregnant women
who used oseltamivir for treatment of
influenza during the H1N1 epidemic

Hai-yan Xie, MSc; Abdool S. Yasseen III, MSc; Ri-hua Xie, PhD; Deshayne B. Fell, MSc; Ann E. Sprague, PhD;
Ning Liu, MSc; Graeme N. Smith, PhD; Mark C. Walker, MD; Shi Wu Wen, PhD

OBJECTIVE: This study was undertaken to examine the association
between maternal oseltamivir treatment for influenza and infant out-
comes during the 2009 HINI influenza pandemic.

STUDY DESIGN: This was a retrospective cohort study using a population-
based maternal newborn database including women who gave birth to a
singleton infant in the Canadian province of Ontario from November 2009
through April 2010. Risks of small for gestational age (SGA) (10th percentile
and 3rd percentile), preterm birth (<37 weeks of gestation), very preterm
birth (<32 weeks of gestation), and 5-minute Apgar score <7 associated
with maternal exposure to oseltamivir were analyzed by muttivariable regression.

RESULTS: A total of 55,355 women with a singleton birth were in-
cluded in this study. Among them, 1237 (2.2%) women received 0s-

eltamivir for treatment or prevention of influenza during pregnancy.
Women who took oseltamivir during pregnancy were less likely to
have a SGA infant based on the 10th percentile for growth (adjusted
risk ratio, 0.77; 95% confidence interval, 0.60—0.98). No associa-
tion between maternal use of oseltamivir with SGA on 3rd percen-
tile, preterm birth, very preterm birth, and low Apgar score was
observed.

CONCLUSION: There is no evidence of an association between mater-
nal use of oseltamivir for influenza and early birth, low Apgar at birth,
and poor fetal growth.
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n March 2009, a novel HIN1 influenza
A virus was identified in Mexico and
spread rapidly across many countries."”
Compared with nonpregnant women,
pregnant women are at increased risk for
related hospital admission and death asso-

ciated with influenza pandemic.” ® During
seasonal influenza epidemics and previous
pandemics, pregnant women have been at
increased risk for complications related to
influenza infection.”” The mechanical,
immunological, and hormonal changes
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during pregnancy are likely the reasons
that pregnant women are more vulnerable
to viral respiratory infections such as influ-
enza than nonpregnant women.'*''
Oseltamivir (Tamiflu; F. Hoffmann-La
Roche Ltd., Basel, Switzerland) is an anti-
viral drug of the neuraminidase inhibitor
class used for the treatment and prophy-
laxis of influenza.'” It is hydrolyzed by the
liver to its active metabolite, with an elim-
ination half-life of about 6-10 hours."” The
HINT1 virus is susceptible to neuramini-
dase inhibitors such as oseltamivir.'*"
The efficacy and safety of oseltamivir in
children aged =1 year and in adults has
been well established,'®!” and it was used
extensively for the treatment and preven-
tion of 2009 HINT1 influenza.® Only a few
studies have examined the association be-
tween maternal use of oseltamivir and
pregnancy outcomes'>'®?';  however,
these studies were based on small samples
or self-reports from pregnant women. The
benefit of treatment of pregnant women
with antiviral medications is presumed to
outweigh its risk; however, the limited
availability of information on risk and ben-
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efits of antiviral medication during preg-
nancy is challenging for both health care
providers and pregnant women. The aim
of this study was to assess the effect of ma-
ternal oseltamivir use for treatment or pre-
vention of influenza on infant outcomes.

MATERIALS AND METHODS

This was a population-based retrospec-
tive cohort study. All hospital birth re-
cords from November 2009 through
April 2010 from Better Outcomes Regis-
try and Network (BORN) Ontario, an
Internet-based birth record system, were
abstracted. The BORN Ontario database
contains information on maternal and
prenatal characteristics, health services,
obstetric information, as well as birth
outcomes. Starting on Nov. 2, 2009, at
the time of admission for labor or elec-
tive cesarean section, health care staff
collected additional information via pa-
tient interview or from antenatal records
and hospital charts regarding influenza
illness, use of antiviral medications, or
influenza vaccination during pregnancy
using standardized questions and data
collection forms. These data were en-
tered directly into the BORN birth re-
cord system at each hospital or electron-
ically uploaded to the BORN system in
hospitals with this capability.

Statistics Canada software (PCCF+
version 5E; Statistics Canada, Ottawa,
Ontario, Canada) was used to create
neighborhood information on educa-
tion and income based on the long form
2006 Canadian Census (administered to
a 20% random sample of the popula-
tion). Neighborhood family income and
level of education were linked by dissem-
ination areas using maternal postal code.
These variables were presented as quin-
tiles for analysis. Each quintile contains
about one-fifth of the total Ontario pop-
ulation, but may not necessarily contain
one fifth of the births in our study
population.

We restricted our analysis to singleton,
live births =20 weeks of gestation and
=500 g in weight. Pregnancies that
ended in miscarriage <20 weeks’ gesta-
tion and terminations of pregnancy for
fetal anomalies at any gestational age
were excluded from the database.

Adverse infant outcomes examined in
the study included small-for-gestational-
age (SGA) infant (<10th percentile for
birthweight) and severe SGA infant (<3rd
percentile) by sex and gestational week
strata using a Canadian growth standard,*
preterm delivery (live birth at <37 gesta-
tional weeks), very preterm delivery (live
birth at <32 gestational weeks), and Apgar
score <7 at 5 minutes.

We first compared the distribution of
baseline characteristics between women
who were exposed to oseltamivir during
pregnancy and those women who were
not. We then analyzed risk of each ad-
verse infant outcome associated with
maternal exposure to oseltamivir by cal-
culating unadjusted risk ratios (RRs)
along with 95% confidence intervals
(CIs) using logistic regression. Odds ra-
tios with 95% CI approximate the RR for
rare outcomes, and will thus be inter-
preted as RR. Subsequently, adjusted RR
with 95% CI were estimated using mul-
tiple logistic regression. Two sets of lo-
gistic regression models were developed.
In the first set of models, we adjusted for
maternal age (<20, 20-24, 25-34, 35-39,
and =40 years), parity (defined as num-
ber of previous live births and stillbirths,
with values 0, 1, and =2), vaccination
(vaccination for influenza, yes vs no),
preexisting comorbidities (asthma, chronic
hypertension, insulin-dependent diabe-
tes, noninsulin-dependent diabetes, or
heart disease, present vs absent), mater-
nal smoking (yes vs no), occurrence of
influenza-like illness (yes vs no), and
neighborhood education and income
levels (in quartiles). In the second sets of
models, influenza vaccination during
pregnancy was added to the model. The
confounding factors to be adjusted for
were selected by an expert panel consist-
ing of obstetricians, epidemiologists,
statisticians, and nursing researchers, af-
ter integrating information from a liter-
ature review”'>'%2%%32% and prelimi-
nary results of the data. Supplemental
analyses were performed in pregnant
women who reported influenza.

All analyses were conducted using SAS
software, version 9.2 (SAS Institute Inc,
Cary, NC). Research ethics board ap-
proval was obtained from the Ottawa
Hospital.

293.e2 American Journal of Obstetrics & Gynecology APRIL 2013

RESULTS
A total of 55,355 pregnant women who
gave birth to a singleton infant from No-
vember 2009 through April 2010 in hos-
pitals in Ontario were included in the
analysis. Among them, 1237 (2.2%)
women had received oseltamivir therapy
at some time during their pregnancy.
Women who received oseltamivir ther-
apy were more likely to have no previous
live birth and be smokers, were younger,
were more likely to come from low edu-
cation and higher income neighbor-
hoods, and were less likely to have high-
risk medical comorbidities (Table 1).
The risks and RR for birth outcomes
are shown in Table 2. The risk of SGA
<10th percentile was significantly lower
among women who used oseltamivir at
some time during pregnancy compared
with those who did not (6.9% vs 9.2%;
adjusted RR, 0.77; 95% CI, 0.60—0.98).
No association between maternal use of
oseltamivir with SGA <3rd percentile,
preterm birth <37 weeks, very preterm
birth <32 weeks, and Apgar score <7
was observed, after adjusting for poten-
tial confounding factors. Results from
models with or without influenza vacci-
nation were almost identical. Supple-
mental analyses restricting to pregnant
women who reported influenza yielded
similar findings, although reduced num-
ber of study subjects resulted in statistical
instability (data available upon request).

COMMENT

In this population-based cohort study,
we found that maternal use of oseltami-
vir during pregnancy was associated with
a lower risk of having an SGA infant
based on the SGA <10th percentile. On
the other hand, no association of mater-
nal use of oseltamivir with severe fetal
growth restriction (SGA <3rd percen-
tile), preterm birth, very preterm birth, or
low Apgar score was found. Our results are
consistent with the findings from a few
previous studies that assessed the associa-
tion between maternal exposure to oselta-
mivir and infant outcomes.®*'

Only 4 previous studies could be located
on this topic from a detailed MEDLINE and
Embase search.'®?' In a study of 86
women exposed to neuraminidase in-
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TABLE 1
Comparison of baseline characteristics between pregnant women who used oseltamivir
and those who did not during 2009 H1N1 pandemic in Ontario, Canada

Antiviral use during pregnancy

Total None Oseltamivir
n = 55,355 n = 54,118 n = 1237
Characteristics n % n % n % Pvalue
Maternal age, y
<20 2066 37 2007 37 59 4.8
20-24 7423 13.4 7225 13.4 198 16.0
25-34 34,070 61.5 33,331 61.6 739 59.7 .0128
35-39 9625 17.4 9427 17.4 198 16.0
=40 2170 3.9 2127 3.9 43 35
Missing 1 0.0 1 0.0 0 0.0
Parity
0 24,223 43.9 23,738 440 485 39.3
1 19,581 35.5 19,123 35.4 458 37.1 .0023
=2 11,415 20.7 11,124 20.6 291 23.6
Missing 136 0.2 133 0.2 3 0.2
Month of delivery
November 2009 9404 17.0 9196 17.0 208 16.8
December 2009 8702 15.7 8497 15.7 205 16.6
January 2010 9928 17.9 9699 17.9 229 18.5 .0597
February 2010 9421 17.0 9244 17.1 177 14.3
March 2010 8883 16.0 8694 16.1 189 15.3
April 2010 9017 16.3 8788 16.2 229 18.5
Smoking
No 47,005 88.4 46,040 88.5 965 82.8
Yes 6190 11.6 5989 11.5 201 17.2 < .0001
Missing 2160 3.9 2089 3.9 71 5.7
Had influenza
No 53,105 96.8 52,610 98.0 495 43.2
Yes 1734 3.2 1083 2.0 651 56.8 <.0001
Missing 516 0.9 425 0.8 91 74
Vaccinated for influenza
No 31,640 58.1 30,997 58.2 643 53.6
Yes 22,779 41.9 22,223 41.8 556 46.4 .0014
Missing 936 1.7 898 1.7 38 3.1
Medical comorbidities®
No 49,998 92.6 48,942 88.1 1056 92.7
Yes 3969 7.4 3826 1.9 143 7.3 <.0001
Missing 1388 2.5 1350 25 38 3.1
L Xie. Infant outcomes and oseltamivir use during pregnancy. Am J Obstet Gynecol 2013. (continued )
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TABLE 1
Comparison of baseline characteristics between pregnant women who used oseltamivir
and those who did not during 2009 H1N1 pandemic in Ontario, Canada (continued)
Antiviral use during pregnancy
Total None Oseltamivir
n = 55,355 n = 54,118 n = 1237
Characteristics n % n % n % P value
Income quartiles
1 (Lowest) 13,515 25.0 13,231 25.1 284 235
2 13,600 25.2 13,256 25.1 344 28.5
3 13,601 25.2 13,335 25.3 266 22.0 .0066
4 (Highest) 13,285 24.6 12,972 24.6 313 25.9
Missing 1354 2.4 1324 2.4 30 2.4
Education quartiles
1 (Lowest) 13,743 254 13,350 25.3 393 32.6
2 13,585 25.2 13,278 25.2 307 25.4
3 13,500 25.0 13,228 25.1 272 22.5 <.0001
4 (Highest) 13,173 244 12,938 245 235 19.5
Missing 1354 2.4 1324 2.4 30 2.4
@ High-risk medical comorbidities include: mothers with asthma, chronic hypertension, insulin-dependent diabetes, noninsulin-dependent diabetes, and heart disease.
L Xie. Infant outcomes and oseltamivir use during pregnancy. Am ] Obstet Gynecol 2013, )

hibitors (81 with oseltamivir only, 2 with
zanamivir, and 3 with both oseltamivir
and zanamivir) compared with unex-
posed women from the same popula-
tion, no increased risks of low Apgar
score, preterm birth, congenital malfor-
mations, or death among infants with
exposure to oseltamivir was observed.””
However, in that study, no SGA case was
identified in the exposed group, thus no
effect measure could be estimated.”” An-
other study found that maternal antiviral
exposure was not associated with pre-
term birth, stillbirth, and major or minor
malformations.'® Data from 2 Japanese
teratogen information services including
90 women with oseltamivir exposure in
the first trimester. In these 90 cases, 1
case of congenital malformation was
identified.'®*!

Compared with previous studies in
this area, our study has several strengths.
Our study was based on all singleton in-
fants in Ontario from November 2009
through April 2010. As a result, selection
bias was less likely to occur. We used the
2009 through 2010 dataset from the Ni-
day Perinatal Database, through BORN
Ontario, an Internet-based provincial

birth record system. Most pregnant
women are not covered by the provincial
PharmaCare plan but by private insurers
through employers. As a result, we are
unable to obtain complete drug infor-
mation through prescriptions. Although
we have not been able to evaluate the re-
liability of maternal self-report of use of
antivirals, an earlier study by our group
demonstrated high quality of BORN On-
tario data holdings.*® Our study was the
largest among the few studies that have
assessed infant outcomes associated with
maternal use of oseltamivir during preg-
nancy. The rich perinatal data in the da-
tabase allowed for adjustment for a
number of potential confounding fac-
tors. We used 2 sets of regression models
with and without influenza vaccination
during pregnancy and therefore we were
able to examine the effect of antiviral
drugs independent of influenza vaccina-
tion status.

Limitations of our study should be
recognized. First, information on oselta-
mivir treatment during pregnancy was
collected at time of admission for deliv-
ery and only a “yes” or “no” answer was
recorded. As a result, no dose response
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or analysis by time of exposure during
pregnancy could be performed. The ex-
posure time is critical for certain out-
comes such as neural tube defects be-
cause >12 weeks of gestation, neural
tube is closed. For other outcomes such
as growth, exposure during late gestation
can still play an important role. As a re-
sult, we believe that the lack of informa-
tion on timing of oseltamivir exposure
during pregnancy would not invalidate
our study findings. We also do not know
why women were prescribed oseltamivir
because the database does not contain
information on the indication for taking
antiviral medication (ie, whether for
treatment of influenza illness or for pro-
phylaxis). According to professional
guidelines, the appropriate use of this
type of antiviral medication in preg-
nancy is to treat or prevent influenza: it is
recommended that pregnant women
with known or suspected influenza re-
ceive antiviral medications as early as
possible in the course of their illness.”” In
our data, 56.8% women who took osel-
tamivir reported influenza illness while
43.2% did not report influenza. How-
ever, because we collected data at only
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one point during pregnancy, some
women may have influenza during preg-
nancy but not at the time of data collec-
tion. Despite this data limitation, sensi-
tivity analysis restricted to pregnant
women who reported influenza yielded
similar results, suggesting that our find-
ings are robust. Second, we were unable
to evaluate congenital anomalies due to
large number of missing data on this data
element in the BORN database and due
to lack of information on the timing of
antiviral drug use. We were also not able
to analyze data on fetal deaths, because
the small number of events in the ex-
posed group of this study population
prevented us from having access to the
information (cell sizes <6 are sup-
pressed due to privacy regulations). Al-
though this study was much larger than
all other similar studies, it remains un-
derpowered except for SGA <10th per-
centile due to the low prevalence of the
exposure. Even for SGA <10th percen-
tile, the statistical significance of the ob-
served association was only marginal. Fi-
nally, because of measurement error or
unmeasured or unknown risk factors,
residual confounding is a concern, and
we could not rule out the possibility that
it may have affected the observed differ-
ences in our study outcomes.

Confounding by indication has been
considered an insurmountable obstacle
in observational studies assessing in-
tended treatment effects.”® The argu-
ment is that the sicker the patients, the
more likely for them to use drugs. In ob-
servational studies, if an increased risk
associated with drug use is found, it is
difficult to discern whether this reflects
the fact that users of the medication were
severe cases, so they were in need of the
medications, or whether it reflects the
exposure to the medication. In our
study, a decreased risk or no statistically
significant result was instead observed.
As a result, confounding by indication is
less likely to be a concern.

We do not know the mechanism of
maternal oseltamivir effect on infant
outcomes such as SGA. If any such pro-
tective effect truly exists, it may be re-
lated to the indirect effects of antiviral
treatment on reducing influenza symp-
toms of the treated women.””’ For ex-

TABLE 2

Association between maternal use of oseltamivir and infant
outcomes during 2009 H1N1 pandemic in Ontario, Canada

No antiviral use Oseltamivir use

Outcome?® (n = 53,875) (n =1232)
Small for gestational age (<10th percentile)
n (%) 4975 (9.2) 85(6.9)

Unadjusted RR (95% Cl)

1.00 (Reference)

0.75(0.61-0.92)

Adjusted RR (95% Cl)

1.00 (Reference)

0.77 (0.61-0.98)

Adjusted RR (95% CI)°

1.00 (Reference)

0.77 (0.60-0.98)

Small for gestational age (<3rd percentile)

n (%)

1287 (2.39)

27 (2.2)

Unadjusted RR (95% Cl)

1.00 (Reference)

0.92 (0.63-1.34)

Adjusted RR (95% Cl)

0.86 (0.54-1.38)

Adjusted RR (95% CI)°

(

(
1.00 (Reference)
1.00 (Reference)

0.83 (0.51-1.35)

Preterm birth (<37 wk)

n (%)

3306 (6.1)

86 (7.0)

Unadjusted RR (95% Cl)

1.00 (Reference)

1.14 (0.93-1.40)

Adjusted RR (95% Cl)

1.00 (Reference)

1.24 (0.97-1.58)

Adjusted RR (95% CI)°

1.00 (Reference)

1.26 (0.99-1.61)

Very preterm birth (<32 wk)

n (%)

379 (0.7)

8(0.7)

Unadjusted RR (95% Cl)

1.00 (Reference)

0.92 (0.50-1.86)

Adjusted RR (95% Cl)

1.00 (Reference)

1.39 (0.62-3.11)

Adjusted RR (95% CI)°®

1.00 (Reference)

1.46 (0.65-3.27)

5-min Apgar score <7

n (%)

637 (1.2)

16 (1.3)

Unadjusted RR (95% Cl)

1.00 (Reference)

1.10 (0.67-1.79)

Adjusted RR (95% Cl)

1.00 (Reference)

1.20 (0.67-2.12)

Adjusted RR (95% CI)°

1.00 (Reference)

1.22 (0.68-2.16)

Cl, confidence interval; AR, risk ratio.

.

@ All outcomes used denominator of singleton live births and all adjusted models controlled for maternal age, parity, smoking (with
missing category), occurrence of any influenza-like illness, presence of any high-risk comorbidities (with missing category), and
neighborhood education and income; ® Additionally adjusted for influenza vaccination during pregnancy.

Xie. Infant outcomes and oseltamivir use during pregnancy. Am J Obstet Gynecol 2013.
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ample, women who were treated with
antiviral drugs may have had less severe
respiratory, circulatory, or febrile mani-
festation of influenza symptoms than
untreated women with influenza, thus
providing adequate oxygen and nutri-
ents to the growing fetus.

It is unlikely from pharmacological
and fetal physiological points of view
that oseltamivir has a direct effect on fe-
tus. Oseltamivir is readily absorbed by
the gastrointestinal tract and is systemi-
cally distributed in the body, converted

rapidly by hepatic esterase into the active
metabolite oseltamivir carboxylase, and
then excreted via the kidneys.”® Worley et
al’! examined the transplacental transfer
of oseltamivir using an ex vivo placental
model and found that oseltamivir phos-
phate and oseltamivir carboxylate were not
readily transferred from mother to fetus at
normal therapeutic doses.

One previous study found that women
with high education were more likely to
get HIN1 influenza vaccination and
those women also believed that vaccina-

APRIL 2013 American Journal of Obstetrics & Gynecology 293.e5
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tion is safe for themselves and their in-
fants.>? Interestingly, in our sample,
women with high education were less
likely to take oseltamivir medication.
Those women with high education may
be concerned that antiviral medication
may have adverse effect on fetus. Antivi-
ral therapies play key roles in prophylaxis
and treatment of influenza.’”** Despite
the fact that influenza vaccination is
considered the front line of influenza
prevention,35 vaccination could not
provide full protection and only a pro-
portion of the target population was
actually vaccinated. Because oseltami-
vir is not considered a human terato-
gen, it is currently the recommended
drug for influenza treatment and pro-
phylaxis in pregnant women.'®® Anti-
viral medications should be started
within 48 hours after symptom onset
to maximize the effects.””””® Because
of the importance of early antiviral
treatment to reduce or to prevent po-
tential complication of influenza infec-
tion during pregnancy, further re-
search is needed to establish a safety
profile and to increase women’s
knowledge about the use of antiviral
medications during pregnancy.

Conclusion

In summary, our large birth cohort study
during the 2009 HIN1 pandemic found
that oseltamivir treatment for pregnant
women during pregnancy might be asso-
ciated with a moderately lower risk of
having an SGA infant based on the SGA
<10th percentile. Moreover, such treat-
ment was not associated with any other
severe forms of adverse outcomes exam-
ined in this study. Although several
infant outcomes were compared si-
multaneously, they all share similar
pathogenesis mechanisms. Consistent
findings with several outcome mea-
sures or different regression models
suggest that our results are interpreta-
ble, despite multiple outcomes were
compared simultaneously. Our study
provides further data on the relation-
ship between oseltamivir and newborn
outcomes, and should be helpful for
health care providers and pregnant
women alike in their decision making.
Nevertheless, further research is re-

quired particularly with regard to ad-
verse outcomes related to early preg-
nancy exposure. |
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