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Background. Alaska Native (AN) infants are at risk for severe disease due to respiratory syncytial virus (RSV) and influenza.
Maternal immunization protects young infants through transplacental antibody transfer. RSV- and influenza-specific transplacental
antibody transfer in mother-infant pairs has not previously been evaluated in the AN population.

Methods. Serum samples collected during pregnancy and at birth from AN mother-infant pairs in the Yukon-Kuskokwim
Delta region (YKD) of Alaska (2000-2011; n = 75) and predominantly white pairs in Seattle, Washington (2014-2016; n = 57), were
tested for RSV and influenza antibody using a microneutralization and hemagglutination inhibition assay, respectively, and com-
pared between sites.

Results. Mean RSV antibody concentrations in pregnant women in YKD and Seattle were similar (log, RSV antibody 10.6 vs 10.7,
P =.86), but cord blood RSV antibody concentrations were significantly lower in infants born to mothers in YKD compared with Seattle
(log, RSV antibody 11.0 vs 12.2, P < .001). Maternal and cord blood influenza antibody concentrations were lower for women and in-
fants in YKD compared with Seattle for all 4 influenza antigens tested (all P < .05). The mean cord to maternal RSV antibody transfer
ratio was 1.15 (standard deviation [SD], 0.13) in mother-infant pairs in Seattle compared with 1.04 (SD, 0.08) in YKD. Mean cord blood
to maternal antibody transfer ratios for influenza antigens ranged from 1.22 to 1.42 in Seattle and from 1.05 to 1.59 in YKD.

Conclusions. Though the transplacental antibody transfer ratio was high (>1.0) for both groups, transfer ratios for RSV anti-
body were significantly lower in AN mother-infant pairs. Further studies are needed to elucidate the impact of lower transplacental

antibody transfer on infant disease risk in rural Alaska.
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Lower respiratory tract infection (LRTT) is the leading cause of
childhood mortality worldwide. Alaska Native (AN) popula-
tions experience a disproportionate burden of respiratory syn-
cytial virus (RSV) and influenza LRTI; one of the highest infant
RSV-associated hospitalization rates worldwide is among AN
in the Yukon-Kuskokwim Delta region (YKD) [1, 2]. Influenza-
associated hospitalization rates are also higher among AN in-
fants compared with the general US population [3]. In YKD,
more than 60% of families live below the federal poverty line. In
this population, household crowding, preterm birth, and lack of
breastfeeding have been associated with increased risk for se-
vere disease due to RSV and influenza [4].
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Several lines of evidence support the specific role of maternal
antibodies in protecting infants against viral LRTI. First, in pro-
spective epidemiologic studies, higher cord blood RSV antibody
concentrations are associated with decreased risk of severe in-
fection in infants aged <6 months [5]. Second, palivizumab, a li-
censed monoclonal RSV-specific antibody, is known to prevent
severe RSV-associated LRTT in high-risk infants [6]. Finally,
maternal immunization, a strategy to protect the infant through
transplacental antibody transfer [7], increases cord blood an-
tibody titers and protects against influenza disease in infants
[8-10]. Several maternal RSV vaccines are currently in clinical
trials, with the goal of increasing infant RSV antibody concen-
trations to protect against severe LRTI [11, 12]. In the United
States, Nepal, and Bangladesh, transplacental antibody transfer
ratios of infant cord to maternal antibody have been shown to
be efficient, with cord blood antibody concentrations higher
than maternal antibody concentrations by the time of birth
[13-15], and data from Seattle, Washington, prior to routine
influenza vaccination show influenza antibody transfer ratios
of 0.94-0.99 [9]. Given the increased risk of severe RSV and
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influenza in AN populations and the importance of maternal
vaccine strategies as a public health intervention to protect in-
fants by boosting their antibody levels, better understanding of
the efficiency of transplacental antibody transfer in AN cohorts
is needed to optimize maternal vaccination strategies.

In this study, we compared RSV and influenza antibody con-
centrations and transplacental antibody transfer ratios in AN
and Seattle cohorts.

METHODS

Seattle Cohort

An observational cohort of pregnant women was recruited
from a midwife clinic in Seattle from 2014 through 2016 [16].
Women who had a healthy uncomplicated pregnancy, were >20
weeks’ gestation, and aged >18 years were eligible. Clinical and
sociodemographic information was collected at enrollment and
at birth. Maternal blood was collected during the second or
third trimester, in the 2 weeks prior to birth, and at birth. Infant
cord blood was collected at delivery.

YKD Cohort

Previously collected maternal serum and umbilical cord blood
samples from AN mother-infant pairs enrolled at the Yukon-
Kuskokwim Delta Regional Hospital in Bethel, Alaska, from
2000 through 2011 and banked at the Alaska Area Specimen
Bank were analyzed. Serum samples were collected from AN
mothers during a prenatal visit approximately 4 months before
delivery and from umbilical cord blood collected at the time
of delivery in a study of exposures to environmental pollutants
(Maternal Organics Monitoring Study). RSV seasonality in
YKD shifted to a later onset during the study time period, but
similar to in the continental United States, nearly all cases oc-
curred between October and May [17].

Laboratory Testing

Maternal serum and umbilical cord blood were processed
and frozen at -30°C. RSV-neutralizing antibody titers were
measured with a microneutralization assay using 2-fold dilu-
tions of serum incubated against RSV A2 strain in Hep-2 cells
in 96-well plates at 37°C for 72 hours [15]. Cells were then
washed, fixed, and stained with RSV F protein-specific mouse
monoclonal primary antibody and a horseradish peroxidase-
conjugated goat anti-mouse immunoglobulin G secondary
antibody. Neutralization titer was defined as the minimal dilu-
tion of serum resulting in 50% color reduction compared with
a positive control. World Health Organization (WHO) stand-
ardized RSV reference sera were included with every run [18].
Hemagglutination inhibition (HAI) assay antibody titers against
H3N2, HINI, B (Victoria), and B (Yamagata) influenza antigens
were measured using a standard HAI assay [19]. Positive and
negative controls and reference anti-sera were included with

all runs. The following influenza antigens that corresponded
to the appropriate year the sample was collected were used in
the HAI assays: Seattle, 2015-2016 WHO antigens: influenza
A (HIN1) pdm09 (A/California/07/2009 NYMC X-179A); in-
fluenza A (H3N2) (A/Switzerland/9715293/2013); influenza B
Yamagata lineage (B/Phuket/3073/2013), and Victoria Lineage
(B/Brisbane/60/2008); Bethel, 2011-2013 (HIN1)pdm09 (A/
California/07/2009 NYMC X-179A); 2010-2012 (H3N2)
control antigen, BPL-inactivated; 2010-2012, Yamagata lin-
eage, ether-extracted; and 2010-2012 Victoria Lineage (B/
Brisbane/60/2008). Influenza antigens from 2000-2002 were
not available; therefore, serum samples from these years were
not tested by HAI assay (n = 22).

Statistical Analyses

Gestational age was determined using the last menstrual
period. Preterm birth was defined as birth <37 weeks’ gestation.
Low birth weight (LBW) was defined as birth weight <2500 g.
RSV and influenza HAT antibody titers were log, transformed.
Antibody titers were nonnormally distributed both before and
after log transformation as measured by visual inspection and
the Shapiro-Wilk test. Differences in demographic, antibody
titer, and other variables between groups were assessed using
the Wilcoxon-Mann-Whitney test, x* test, and Fisher exact test,
as appropriate. Correlation was measured using Spearman rank
correlation. For both influenza and RSV, multivariable linear re-
gression models were used to evaluate the association between
prenatal maternal antibody titers and infant cord blood titers,
adjusting for preterm birth and/or LBW and season of birth
(December-April vs May-November). For Seattle women, if a
maternal sample was not available from the prenatal visit, a ma-
ternal sample from the time of delivery was used for analyses. To
coincide with the timing of a theoretical maternal RSV vaccine
administration, we additionally conducted an exploratory anal-
ysis of the subset of pregnant women with enrollment samples
collected more than 2 weeks before delivery. All analyses were
performed using R version 3.5.0 (R Foundation for Statistical
Computing) in RStudio version 1.1.453 (RStudio, Inc.).

RESULTS

Overall, 57 mother-infant pairs in Seattle were enrolled from
December 2014 through February 2016 and 75 mother-infant
pairs in YKD from 2001 through 2011. The median age in the
Seattle cohort was 33 years (range, 24-40), the majority were
white (n = 50; 88%), and the majority received influenza vac-
cination during pregnancy (n = 41, 72%). All Seattle infants
were born full-term, with median gestational age of 40 weeks
(interquartile range [IQR], 39.0-41.0). The YKD cohort’s me-
dian age was 25 years (range, 16-41) and all women were AN.
Vaccination data were not available, but samples were collected
prior to a recommendation for routine influenza vaccination
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Table 1. Comparison of Baseline Variables in Seattle, Washington, and
Yukon-Kuskokwim Delta, Alaska, Mother-Infant Pairs

Seattle, Yukon-Kuskokwim Delta,
Washington, Alaska,
Variable N =57 N=75 P Value
Birth weight, g 15
>2500 48 (100%) 70(96%)
<2500 0(0%) 3(4%)
Gestational age, weeks .05
<37 0(0%) 6(8%)
237 48(100%) 69(92%)
Child low birth weight and/or premature .02
No 48(100%) 67 (89%)
Yes 0(0%) 8(11%)
Infant gender .59
Female 28 (58%) 40 (53%)
Male 20 (42%) 35(47%)

during pregnancy. Women in the YKD cohort were more likely
to deliver preterm (6, 8% vs 0, 0%); P = .045; Table 1).

In the Seattle cohort, maternal blood samples were collected
a mean of 16 days (standard deviation [SD] = 17) before de-
livery. A total of 32 mothers had blood collected more than 2
weeks before delivery, and 15 were within 2 weeks of delivery.
Nearly all (n = 56/57; 98%) had a prenatal sample. A total of 45
women had blood collected at the time of delivery, along with
46 infant cord blood samples. In the 75 women of the YKD co-
hort, prenatal blood samples were collected a mean of 137 days
(SD = 64) before delivery. Cord blood samples from all infants
were collected at the time of delivery.

RSV Antibody
Mean RSV antibody concentrations in pregnant women in
YKD and Seattle were similar before birth (log, RSV ab 10.63

[SD = 1.70] vs 10.68 [SD = 1.58]; P = .68; Table 2, Figure 1).
However, mean cord blood RSV antibody levels were signifi-
cantly lower in cord blood of infants born to AN mothers com-
pared with Seattle mothers (log, RSV ab 10.97 [1.59] vs 12.24
[1.42]; P < .001) in multivariate regression adjusting for LBW,
preterm birth, and season of birth. The median cord to maternal
antibody ratio was 1.13 (IQR, 1.07-1.22) in mother-infant pairs
in Seattle (n = 57) compared with 1.04 (IQR, 1.00-1.09) in YKD
(n = 75). Pairs with ratios <1.00 were more likely to be LBW or
preterm (75% of LBW preterm pairs had ratios <1.00 vs 27% of
non-preterm or LBW pairs) or from YKD (45% of YKD pairs
had ratios <1.00 vs 5% of Seattle pairs). Maternal and infant
cord blood log, RSV antibody titers were highly correlated in
both Seattle (p = 0.65) and YKD (p = 0.88).

RSV antibody concentrations at enrollment and birth in
pregnant women from both sites were highly correlated (overall
p = 0.87). Enrollment RSV antibody titers were also correlated
to cord blood titers (p = 0.77). In the subset of women with en-
rollment samples collected more than 2 weeks before delivery
(n = 32), the maternal RSV antibody titers at enrollment and
birth remained highly correlated (p = 0.80), as did the maternal
enrollment and infant cord blood antibody concentrations
(p=0.58).

Influenza Antibody

A total of 57 mother-infant pairs in Seattle and 54 mother-
infant pairs in YKD were tested for influenza antibody. An
additional 4 samples from Seattle and 4 samples from YKD
had insufficient sera for testing. Median influenza antibody
titers against influenza antigens were significantly greater in
pregnant women in Seattle than in YKD (all P < .05; Table 2,
Figure 2). Also, the median influenza antibody titers against all

Table 2. Summary Statistics of Respiratory Syncytial Virus and Influenza Antibody Titers for Seattle, Washington, and Yukon-Kuskokwim Delta, Alaska,

Mother-Infant Pairs.

Factor Seattle, Washington Yukon-Kuskokwim Delta, Alaska PValue
Log, respiratory syncytial virus neutralizing antibody N =57 N=75 .
Maternal titer, median (IQR) 10.9(9.6-11.6) 10.6(9.6-11.1) 68
Cord blood titer, median (IQR) 12.1(11.1-13.1) 11.1(10.1-11.6) <.001
Log, influenza hemagglutination inhibition assay antibody N =57 N =53
H3N2
Maternal titer, median (IQR) 5.3(4.3-6.3) 43(2.3-5.3) .001
Cord blood titer, median (IQR) 5.3(4.3-6.3) 3.3(2.3-5.3) <.001
HIN1
Maternal titer, median (IQR) 5.3(4.3-7.3) 4.3(3.3-5.6) .03
Cord blood titer, median (IQR) 6.3(4.3-7.3) 5.3(3.3-6.3) .005
B-Yamagata
Maternal titer, median (IQR) 6.3(5.3-7.3) 5.3(4.1-6.3) <.001
Cord blood titer, median (IQR) 6.3(5.3-7.3) 5.3(4.3-6.3) .002
B-Victoria
Maternal titer, median (IQR) 5.3(4.3-6.3) 3.3(3.3-43) <.001
Cord blood titer, median (IQR) 5.3(3.3-6.3) 43(3.3-5.3) .003

When multiple samples were available, maternal titer was from the time point closest to birth.

Abbreviation: IR = interquartile range.
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A, Comparison of RSV antibody in maternal (x-axis) and cord blood (y-axis) at time of delivery in Seattle, Washington, and Yukon- Kuskokwim Delta

(YKD), Alaska, mother—infant pairs. When multiple samples were available, maternal titer was from the time point closest to birth. B, RSV antibody concen-
trations in mothers measured at 2 prenatal visits (visits 1 and 2) and in infants at delivery (cord blood) in Seattle and YKD mother—infant pairs. Abbreviation:

RSV, respiratory syncytial virus.

4 influenza antigens were significantly higher in infants born
to mothers in Seattle compared with AN mothers in YKD (all
P < .01; Table 2, Figure 2). Importantly, the YKD cohort was
enrolled in an era prior to recommended influenza vaccination
during pregnancy, while the Seattle cohort was enrolled after
this recommendation.

There was no statistically significant difference in the
mean cord to maternal antibody ratios for influenza A or B
between mother-infant pairs in Seattle or YKD. Both mean
cord to maternal influenza A antibody ratios of mother-in-
fant pairs in Seattle were not significantly greater than those of
mother-infants pairs in the YKD cohort, with antibody ratios
of 1.38 (SD = 0.51) and 1.35 (SD = 1.35) against HIN1 and
1.22 (0.53) and 1.05 (0.65) against H3N2 (all P > .1). Mean
cord to maternal influenza B antibody ratios of mother-in-
fant pairs in Seattle were not significantly less than those of
mother-infant pairs in YKD, with ratios of 1.42 (SD = 0.54)
and 1.59 (SD = 1.22) against B/Yamagata and 1.32 (SD = 0.58)
and 1.51 (SD = 0.91) against B/Victoria (all P > .1; Table 3,
Figure 2). There were no significant differences in the pairs
with ratios <1.00 compared with those with ratios >1.00, and
only 1 pair had ratios <1.00 for all 4 influenza strains tested
(data not shown). Prenatal maternal and infant cord blood an-
tibody titers at birth against HIN1, H3N2, B/Yamagata, and B/
Victoria were strongly correlated (p = 0.907, 0.904, 0.878, and
0.867; Figure 2).

In the YKD cohort, 8 infants were preterm or LBW (11%;
Table 1), and maternal RSV and influenza antibody titers did
not differ in mothers of infants born premature or LBW com-
pared with those born term and not LBW (Supplementary
Table). No infants were born preterm or LBW in the Seattle
cohort.

DISCUSSION

This study characterizes RSV and influenza transplacental an-
tibody transfer in AN mother—infant pairs in comparison to a
Seattle cohort. In these 2 populations, efficient transplacental
RSV and influenza antibody transfer was observed (ie, transfer
ratio >1.0). RSV antibody titers in pregnant women were sim-
ilar between the 2 groups, though cord blood RSV antibody
titers were significantly lower in the YKD group.

AN infants have high rates of hospitalization due to influenza,
and the AN population is considered a CDC priority group for
influenza vaccination. Influenza vaccination during pregnancy
protects the mother and the infant from influenza illness through
boosting of serum and breast milk antibody titers. Importantly,
timing of vaccination in the second vs third trimester does not
impact efficacy in infants [20-25]. Our results are consistent with
those from several previous maternal influenza vaccine studies
that demonstrated transplacental antibody transfer ratios >1.00
[10, 26]. In our study, influenza antibody titers were greater in
Seattle-based pregnant women than in YKD-based women
across all antigens tested. This is likely because the study was per-
formed using samples collected from AN cohorts before routine
influenza vaccination for pregnant women was standard, while
the Seattle cohort had high rates of influenza vaccination con-
sistent with contemporary CDC and WHO recommendations
[27]. We did find that antibody titers against influenza B were
higher than for influenza A. This may reflect circulating influenza
strains in the area during the surveillance period.

Maternal vaccination against RSV may protect very young
infants until several months of age, when they can generate a
more effective immune response to vaccination [7]. Multiple
maternal RSV vaccine candidates are in clinical trials, and as
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Figure 2. A, Geometric mean titer (GMT) of hemagglutination inhibition antibodies in pregnant women and infants in Seattle, Washington, and Yukon-
Kuskokwim Delta (YKD), Alaska. GMTs were measured at 2 prenatal visits (visits 1 and 2) and delivery (cord blood). Vertical bars indicate 95% Cls. B, Overall
log,,-transformed cord blood to maternal blood influenza antibody ratio in mother—infant pairs in Seattle and YKD for each of the 4 influenza antigens (HIN1,
H3N2, B/Victoria, and B/Yamagata). Lines represent 2 standard deviations around the mean (large round dot). C, Comparison of log, infant influenza antibody
titer to prenatal maternal influenza antibody titer against HIN1 (R = 0.907), H3N2 (R = 0.904), B/Victoria (R = 0.878), and B/Yamagata (R = 0.867) antigens in

mother—infant pairs in Seattle and YKD.

with influenza vaccine, studies support the role of serum and
breast milk antibody in protection of infants from severe dis-
ease [5, 28-30]. Previous studies in the AN population have
examined cord blood RSV antibody titers and did not find a
relationship between higher cord blood antibody titers and RSV
disease incidence; however, among hospitalized infants in the
YKD, lower cord blood RSV antibody titers have been associ-
ated with more severe disease [2]. Motavizumab, a monoclonal
antibody against RSV, was recently studied in AN infants and
was found to have efficacy against RSV-associated hospitaliza-
tion. This demonstrates the role of high-titered RSV antibody in
prevention of severe RSV disease in AN infants. In our study, we
found that RSV antibody transfer ratios were >1.00 on average
in both cohorts, though lower in the YKD compared with the

Seattle cohort, and pairs with ratios <1.00 were more likely to
be LBW or preterm or from YKD. Unfortunately, data on the
characteristics of YKD pairs were limited and did not include
data on crowding or access to running water; this limited our
ability to determine whether there were additional factors as-
sociated with low transfer ratios. The ratios observed in YKD
were similar to those from studies conducted by our group in
Nepal and Bangladesh—populations with shared risk factors
for severe RSV disease, such as household crowding and lack
of running water [14, 15]. The difference in the log2 RSV anti-
body concentrations between infants born in Seattle and YKD
was 1.2, which likely was clinically meaningful, as Piedra et al
showed that an increased log2 1.0 titer decreased the risk of
hospitalization [29].

234 « JPIDS 2021:10 (March) « Chuetal



Table 3. Log, Respiratory Syncytial Virus and Log, Influenza Antibody
Cord Blood to Maternal Blood Ratios for Seattle, Washington, and Yukon-
Kuskokwim Delta, Alaska, Mother—Infant Pairs.

Seattle, Yukon-Kuskokwim
Antibody Ratio Washington Delta, Alaska PValue
Respiratory syncytial virus neutralizing N =57 N=75
antibody
CB:MB ratio, mean (SD) 1.15(0.13) 1.04(0.08) <.001
Influenza hemagglutination inhibition N =57 N =53
assay antibody
H3N2
CB:MB ratio, mean (SD) 1.22(0.53) 1.05 (0.65) 17
H1N1
CB:MB ratio, mean (SD) 1.38(0.51) 1.35(1.35) .87
B-Yamagata
CB:MB ratio, mean (SD) 1.42(0.54) 1.59(1.22) .38
B/Victoria
CB:MB ratio, mean (SD) 1.32(0.58) 1.61(0.91) 24

Abbreviations: CB:MB = cord blood to maternal blood ratio; SD = standard deviation.

Potential causes of different transfer ratios for influenza and
RSV were not explained by LBW, preterm birth, or season-
ality. Another potential cause could be differences in neonatal
fc gamma receptor binding between the 2 pathogens [31]. To
test this, our group is working to use systems serology profiling
to understand the role of antibody glycosylation, subtype, and
subclass in antibody transfer by pathogen.

Study limitations include differences between cohorts in
the timing of sample collection during pregnancy and that
the samples were collected in different years in the 2 cohorts.
However, previous studies have shown that RSV neutralizing
antibody levels are stable during pregnancy [15], and for
Seattle women in our study with multiple levels checked, the
mean change in titer was 0 (SD = 0.79). Additional limitations
included lack of measurement of epitope-specific antibodies,
such as RSV prefusion antibody, which may be a more specific
correlate of protection than RSV neutralizing antibody [32].
Furthermore, for influenza, the HAI assay may not be the op-
timal correlate of protection against influenza in adults or in-
fants. In other studies, neuraminidase or microneutralization
assays have been shown to be independent correlates of pro-
tection against influenza [33]. Also, no data were collected on
either group regarding chronic inflammation or other systemic
conditions that may differentially impair antibody transfer by
subclass. Last, some women had blood collected more than 2
weeks prior to the time of delivery, which may limit compari-
sons between groups.

Overall, we find that compared with a healthy population
of mother-infant pairs in Washington state, AN infants have
significantly lower cord blood RSV antibody concentrations.
Since many factors are linked to severe disease in AN infants,
these results warrant further studies to understand the specific
contribution and impact of RSV and influenza transplacental

antibody transfer. Furthermore, this helps identify a high-risk
population who would benefit from prioritization for studies of
RSV and influenza vaccination during pregnancy or other novel
approaches for protection of newborns, such as long-acting pas-
sive antibody [34].

Supplementary Data

Supplementary materials are available at Journal of the Pediatric Infectious
Diseases Society online.
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