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Background. Immunization against influenza and respiratory syncytial virus (RSV) protects pregnant individuals and their 
infants against infection via transplacental transport of immunoglobulin G (IgG). We sought to evaluate the quantity and 
efficiency of maternal influenza- and RSV-specific IgG transfer in pregnancies with preterm and full-term deliveries.

Methods. Delivery samples from 115 maternal-infant pairs (2018-2021) were analyzed for RSV prefusion F and IAV-H3 and 
IAV-H1 antibodies using electrochemiluminescence assays. We used Wilcoxon rank sum tests, t tests, Pearson correlation 
coefficients (PCCs), and linear regression to evaluate distributions of IgG results by maternal influenza vaccination status and 
preterm birth (<37 weeks).

Results. Approximately 70% of pregnant persons received influenza vaccine. Maternal and cord antibody concentrations were 
highest in the influenza-vaccinated group for IAV-H3 and IAV-H1 regardless of preterm birth status (maternal H3, P = .004; cord 
H3, P = .03; maternal H1, P = .0001; cord H1, P = .0002). Preterm infants had significantly lower cord to maternal IgG transfer 
ratios for IAV-H3 and RSV when compared with full-term infants (P ≤ .05). Correlations between maternal and cord IgG 
concentrations were significant (P ≤ .001) for all 3 viruses, with the strongest correlation for H3 (PCC: IAV-H3, 0.77; IAV-H1, 
0.68; RSV, 0.62). Associations between maternal IgG transfer and preterm birth were significant for IAV-H3 and RSV (IAV-H3, 
β = −0.42; RSV, β = −0.63; P ≤ .05).

Conclusions. Maternal antibody following vaccination or infection is readily transferred across the placenta. Preterm infants 
have higher influenza IgG following maternal influenza vaccination and are at highest risk of lower IgG transfer ratios without 
vaccination.
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Influenza virus and respiratory syncytial virus (RSV) are major 
causes of seasonal respiratory infections and disproportionately 
affect young children [1, 2]. Of all deaths that occur in children 
<6 months of age, 3.6% can be attributed to RSV infection 
globally [1]. The burden of influenza disease is highest in in
fants and the elderly, with hospitalization for lower respiratory 
tract involvement resulting in high rates of morbidity and mor
tality [3]. Increased risk of severe infections from influenza and 
RSV in children aged <6 months as compared with their moth
ers is likely due to their developing immune systems, 

respiratory epithelia, smaller airways, as well as lower levels 
of preexisting antibodies from prior infections [4].

Respiratory virus vaccines administered to pregnant persons 
are effective in reducing infections and infection-related adverse 
events in these individuals and their infants [4–7]. Meta-analyses 
have estimated that, on average, the seasonal influenza vaccine is 
63% and 48% effective at reducing the risk of laboratory- 
confirmed influenza in pregnant individuals and their infants 
<6 months old, respectively [8, 9]. The newly approved RSV bi
valent prefusion F (preF) protein vaccine during pregnancy has 
been estimated to reduce the risk of RSV-associated severe med
ically attended lower respiratory infection in infants by approxi
mately 80% during the first 6 months of life [10].

Influenza and RSV vaccines increase maternal concentrations 
of virus-specific antibodies and subsequently lead to active trans
placental transfer of maternal immunoglobulin G (IgG) to the fe
tus in utero. IgG against the influenza hemagglutinin (HA) and 
the RSV preF protein can be measured to determine potential 
protective levels for influenza and RSV, respectively, although 
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no widely accepted correlate of protection for either influenza or 
RSV currently exists [6, 7]. Although maternal influenza vaccina
tion has been shown to decrease the risk of influenza infection, 
there is little information available surrounding the magnitude 
of transplacental antibody transfer after maternal influenza vacci
nation in observational settings [11]. It is important to under
stand factors that influence transplacental transfer of maternal 
antibody to introduce innovations and interventions to decrease 
risks of severe infection. In this study, we assessed transplacental 
IgG transfer of RSV preF, influenza A virus (IAV)–H3, and 
IAV-H1 and those with and without preterm delivery at <37 
weeks’ gestational age, in paired maternal-cord delivery blood 
to identify factors associated with efficient transplacental IgG 
transfer.

METHODS

Participants

We recruited participants from a prospective cohort study in
vestigating maternal immunizations in low- and high-risk 
pregnancies at the University of Washington (UW). Inclusion 
criteria were ability to obtain informed consent, singleton preg
nancy, and availability of paired maternal-cord blood samples. 
Exclusion criteria were multiple pregnancy (eg, twin), known 
fetal or neonatal genetic anomaly, or small-for-gestational-age 
birth weight infants (<10th percentile for gestational age per 
Olsen growth curves) [12]. This study was reviewed and re
ceived ethics approval through the UW Human Subjects 
Division. All participants provided written informed consent.

Variables

Clinical health, immunization, race and ethnicity, and insur
ance data were abstracted from electronic medical records 
and linked Washington State Immunization Registry data as 
previously described [13]. We considered insurance status cat
egories as public, private, Tricare (military), federal, or other. 
We calculated body mass index using maternal weight at the 
time of delivery. We categorized pregestational diabetes to par
ticipants with type 1 or 2 diabetes mellitus and defined chronic 
hypertension as participants diagnosed with hypertension be
fore 20 weeks’ gestational age. We defined preeclampsia with 
or without severe features, chronic hypertension with superim
posed preeclampsia, or eclampsia based on American College 
of Obstetricians and Gynecologists’ definitions [14]. We cate
gorized autoimmune or inflammatory conditions as partici
pants with conditions including systemic lupus erythematous 
or Crohn disease, respectively. We considered participants as 
being on immunosuppressing medications if they received 
long-term corticosteroids, biologics, or other immunosuppres
sants during pregnancy (Table 1). We categorized birth quarter 
by dividing a year into 4 sections: January to March, April to 

June, July to September, and October to December. We defined 
low birth weight deliveries as infants born weighing <2500 g.

Antibody Testing

Maternal blood samples were collected within 72 hours of delivery 
and cord blood samples at delivery. Blood samples were 
centrifuged at 1800 rpm for 20 minutes and sera stored at 
−80 °C. Maternal total IgG testing was performed by the UW 
Immunology Clinical Laboratory on maternal and cord serum 
samples using an Optilite analyzer with standard reagents. 
Maternal and cord sera were tested in parallel on the same day 
for IgG against RSV preF, IAV A/Hong Kong/4801/2014 HA 
(H3), and A/Michigan/45/2015 HA (H1) with an electrochemilu
minescence immunoassay (Meso Scale Discovery [MSD]). 
Information regarding seasonal influenza vaccine strains and 
match to MSD antigens is presented in the supplement 
(Supplementary Table 1) [15]. Serum samples were diluted 
1:5000 and 1:25 000 and processed according to the manufactur
er’s protocol [16]. Quantification of specimen antibody (arbitrary 
units per milliliter) was determined by plotting assay outputs onto 
the log-transformed standard curve generated from serially dilut
ed calibrators. We defined efficient maternal antibody transfer as a 
cord to maternal (cord:maternal) antibody ratio >1.

Statistical Analysis

Baseline demographic and pregnancy characteristics were de
scribed, and these variables were compared by t tests, chi-square 
tests, and Fisher exact tests for comparisons with small numbers. 
We categorized pregnancies into those with preterm deliveries 
(gestational age <37 weeks) and those with full-term deliveries 
(≥37 weeks). We evaluated the relationship between preterm 
birth (PTB) and maternal and cord RSV and IAV IgG levels us
ing Wilcoxon rank sum tests. We assessed this relationship us
ing log-transformed maternal and cord RSV and IAV IgG 
levels with linear regression. Similar analyses were performed 
for untransformed ratios of infant to maternal RSV and IAV 
IgG, which we tested with t tests and linear regression. We as
sessed the correlation between infant and maternal RSV and 
IAV IgG for the entire sample and across PTB status. We eval
uated the relationship between participants with and without 
influenza vaccination during pregnancy and maternal and 
cord IAV IgG levels using Wilcoxon rank sum tests stratified 
by birth status. We also compared cord:maternal IAV untrans
formed IgG ratios between pairs with and without maternal in
fluenza vaccination using t tests. We assessed statistical 
differences of maternal IgG concentrations, cord IgG concen
trations, and cord:maternal IgG transfer ratio between mater
nal vaccinations that occurred >6 and <6 months before, >3 
and <3 months before, and >1 and <1 month before delivery 
using t tests. Covariates were selected a priori and based on sig
nificant associations between the exposure of PTB and the out
comes of RSV and IAV cord IgG. The first minimally adjusted 
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linear regression model included the annual quarter of the in
fant’s birth date. A second minimally adjusted linear regression 
model included annual birth quarter and insurance status. We 
performed statistical analyses using SAS software version 9.4 
(SAS Institute Inc) and considered a 2-sided P < .05 to be stat
istically significant [17]. We followed STROBE guidelines 
(Strengthening the Reporting of Observational Studies in 
Epidemiology) [18].

RESULTS

Baseline Characteristics and Pregnancy Outcomes

Between June 2018 and July 2021, 115 maternal-infant pairs 
met inclusion criteria. Most births (69.6%) occurred in 2020 
to 2021. Of 115 infants, 29 (25.2%) were born preterm. 
Demographic and baseline medical information was similar 
among preterm and full-term pregnancies (Table 1), with the 

exception of insurance status, preeclampsia, and receipt of 
Tdap vaccine (tetanus, diphtheria, acellular pertussis) during 
pregnancy. A large proportion of participants in this cohort 
were vaccinated with the annual influenza vaccine (72.2%) 
and received the Tdap vaccine (94.8%) during pregnancy. 
Birth dates in this cohort were relatively evenly distributed 
across birth quarters, with the greatest number of infants 
born in quarter 3 (33.9%) and the fewest born in quarter 2 
(19.1%; Table 2). As expected, birth weight had a significantly 
lower median in preterm infants (P < .001). A small subset of 
infants was born low birth weight (14.8%) and admitted to 
the neonatal intensive care unit (21.1%).

IgG Analyses

Higher maternal and cord IgG antibody levels were seen for 
RSV, IAV-H3, and IAV-H1 in full-term as compared with pre
term infants. The median transfer ratio of IgG was highest for 

Table 1. Demographic and Baseline Characteristics

No. (%) or Median (IQR)

Total (N = 115) PTB <37 wk (n = 29) FTB ≥37 wk (n = 86) P Valuea

Enrollment year .19

2018 18 (15.7) 3 (10.3) 15 (17.4)

2019 17 (14.8) 8 (27.6) 9 (10.5)

2020 46 (40.0) 10 (34.5) 36 (41.9)

2021 34 (29.6) 8 (27.6) 26 (30.2)

Maternal age, y 33 (30–37) 31 (28–38) 33 (30–37) .37

Gravidity 2 (1–4) 2 (1–4) 2 (1–3) .44

Parity 0 (0–1) 0 (0–1) 1 (0–1) .18

Raceb .20

American Indian or Alaska Native 1 (0.9) 1 (3.4) 0 (0.0)

Pacific Islander 3 (2.6) 2 (6.9) 1 (1.2)

Asian 16 (13.9) 3 (10.3) 13 (15.1)

Black or African American 5 (4.4) 2 (6.9) 3 (3.5)

White 83 (72.2) 20 (69.1) 63 (73.3)

Other 7 (6.1) 1 (3.4) 6 (7.0)

Hispanic ethnicity 12 (10.4) 3 (10.3) 9 (10.5) .63

Insurance statusb .03

Public 19 (16.5) 9 (31.0) 10 (11.6)

Private 91 (79.1) 18 (62.1) 73 (84.9)

Tricare/federal/other 5 (4.4) 2 (6.9) 3 (3.5)

Body mass index at delivery 31.2 (27.1–34.2) 29.7 (27.0–34.4) 31.5 (27.7–34.0) .56

Pregestational diabetes mellitus 2 (1.7) 2 (6.9) 0 (0.0) .06

Preeclampsia 6 (5.2) 4 (13.8) 2 (2.3) .04

Chronic hypertension 10 (8.7) 4 (13.8) 6 (7.0) .22

Autoimmune/inflammatory disorderc 3 (2.6) 1 (3.4) 2 (2.3) .59

Immunosuppressing medicationsd 3 (2.6) 1 (3.4) 2 (2.3) .59

Vaccine receipt during pregnancy

Influenza 83 (72.2) 23 (79.3) 60 (69.8) .32

Tdap 109 (94.8) 25 (86.2) 84 (97.7) .02

Abbreviations: FTB, full-term birth; PTB, preterm birth; Tdap, tetanus, diphtheria, acellular pertussis.
aSignificant differences between PTB and FTB were assessed for continuous variables by t test and categorical variables by chi-square tests and Fisher exact tests.
bRace and insurance missing data were <10% and collapsed into the other category.
cAutoimmune and inflammatory disorders include systemic lupus erythematous or Crohn disease.
dImmunosuppressing medications include long-term corticosteroid use, biologics, or other medications.
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RSV in the total cohort and the FTB group, while the median 
transfer ratio was highest in the PTB group for IAV-H3. 
When participants were stratified by maternal influenza vacci
nation and birth status, the highest median maternal and cord 
IgG concentrations were in the vaccinated FTB group and the 
lowest in the unvaccinated PTB group for IAV-H3 and IAV-H1 
(Table 3). Maternal and cord antibody concentrations were 
highest in the influenza-vaccinated group for IAV-H3 and 
IAV-H1 regardless of PTB status (maternal H3, P = .004; 
cord H3, P = .03; maternal H1, P = .0001; cord H1, P = .0002; 
not shown). The median IAV-H3 IgG transfer ratio was highest 
in the unvaccinated group for PTB and FTB, but the difference 
was not significant. The differences in maternal and cord IgG 
concentrations between vaccinated and unvaccinated mothers 
were not significantly different by birth year or when vaccina
tion was stratified by <6, <3, or <1 month prior to delivery (not 
shown).

When PTB and FTB were compared without stratification by 
maternal vaccination, median maternal IgG level, cord IgG lev
el, and transfer ratio were significantly lower in the PTB group 
for all specific antibodies, including RSV anti-preF IgG cord 
concentration and IgG transfer ratio and IAV-H3 IgG cord 
concentration and IgG transfer ratio (Table 4, Figure 1). 
Maternal and cord concentrations were moderately correlated 
with each other for RSV, IAV-H3, and IAV-H1 (Pearson cor
relation coefficient [PCC]: RSV, 0.62; IAV-H3, 0.77; IAV-H1, 
0.68; P < .0001). The correlations for full-term infants and their 
mothers were similar for RSV and higher for IAV-H3 and 
IAV-H1 as compared with the correlations in the total sample 
(full-term PCC: RSV, 0.60; IAV-H3, 0.93; IAV-H1, 0.76; 

P < .0001). The correlation remained significant and increased 
for RSV and IAV-H1 in the PTB group (PCC: RSV, 0.80; 
IAV-H1, 0.76; P < .0001) but decreased and was not significant 
for IAV-H3 (PCC: IAV-H3, 0.33; P = .09; Figure 2).

As expected, PTB was not significantly associated with log- 
transformed maternal IgG concentrations for any of the 
virus-specific antibodies in either the null model or when ad
justed for birth quarter (Table 5). PTB was associated with sig
nificant decreases in log-transformed cord IgG RSV and IAV 
antibody concentrations before and after adjustment; PTB 
was also significantly associated with a substantial decrease in 
cord:maternal IgG transfer ratios for RSV and IAV-H3 (47% 
and 34% decrease, respectively). Results for a further adjusted 
model including insurance status produced similar results to 
the adjusted models presented in Table 5 with slight decreases 
in precision; therefore, these results were not reported.

DISCUSSION

We studied the transfer of maternal to infant RSV and influen
za IgG antibodies and documented using standard and novel 
immunoassays to demonstrate not only the efficient transfer 
of these antibodies in preterm as well as full-term infants but 
also the fact that preterm infants can benefit from influenza im
munization during pregnancy. We found that maternal and 
cord antibody concentrations were well correlated for RSV, 
IAV-H3, and IAV-H1. Importantly, we observed efficient 
transplacental transfer of RSV, IAV-H3, and IAV-H1 IgG an
tibodies in preterm as well as full-term infants. When we fur
ther stratified our analyses by maternal influenza vaccination, 

Table 2. Pregnancy Outcomes

No. (%) or Median (IQR)

Total (n = 115) PTB <37 wk (n = 29) FTB ≥37 wk (n = 86) P Valuea

Birth quarter .17

Q1: January–March 28 (24.4) 11 (37.9) 17 (19.8)

Q2: April–June 22 (19.1) 6 (20.7) 16 (18.6)

Q3: July–September 39 (33.9) 6 (20.7) 33 (38.3)

Q4: October–December 26 (22.6) 6 (20.7) 20 (23.3)

Gestational age at delivery, wk 39.0 (36.9–39.6) 35.4 (33.9 36.00) 39.1 (39.0–39.9) <.001

Range 26.0–41.9 26.0–36.9 37.00–41.9

Low birth weight delivery, <2500 g 17 (14.8) 16 (55.2) 1 (1.2) <.001

Mode of delivery .23

Vaginal delivery 55 (47.8) 10 (34.5) 45 (52.3)

Cesarean section 60 (52.2) 19 (65.5) 41 (47.7)

Birth weight, g 3291 (2292–3561) 2460 (1969–3116) 3352 (3188–3651) <.001

Sex .13

Female 64 (55.7) 13 (44.8) 51 (59.3)

Male 51 (44.3) 16 (55.2) 35 (40.7)

NICU admission 24 (21.1) 21 (72.4) 3 (3.5) <.001

Maternal total IgG at delivery 691 (600–822) 770 (491–841) 681 (603–818) .62

Abbreviations: FTB, full-term birth; IgG, immunoglobulin G; NICU, neonatal intensive care unit; PTB, preterm birth.
aSignificant differences between PTB and FTB were assessed for continuous variables by t test and categorical variables by chi-square tests and Fisher exact tests.
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maternal and cord antibody concentrations were highest for 
IAV-H3 and IAV-H1 in the vaccinated groups regardless of 
gestational age category at delivery. However, cord antibody 

concentrations and cord:maternal IgG transfer ratios were sig
nificantly lower in the PTB group for RSV and IAV-H3. 
Associations between cord concentration and PTB as well as 

Table 3. Maternal and Cord IAV Anti-H3 and Anti-H1 Protein Results in the General Cohort and by Preterm and Term Deliveries Stratified by Annual 
Influenza Vaccination During Pregnancy

No. or Median (IQR)

Total Vaccinated Unvaccinated P Value

Anti-H3 IgG

PTBa 29 23 6

Maternal 24 284 (11 019–55 226) 30 443 (15 923–76 014) 12 549 (6871–16 212) .01

Cord 26 534 (13 977–49 613) 35 711 (18 782–52 588) 14 847 (10 915–22 556) .02

Ratio 1.19 (0.88–1.41) 1.08 (0.85–1.39) 1.36 (1.18–1.59) .67

FTBb 86 60 26

Maternal 29 472 (14 144–51 345) 34 906 (17 190–57 792) 25 575 (9772–40 686) .05

Cord 49 094 (24 237–82 604) 54 229 (30 000–97 968) 39 695 (17 005–61 066) .08

Ratio 1.61 (1.35–1.95) 1.60 (1.35–1.95) 1.65 (1.28–1.96) .78

Anti-H1 IgG

PTBc 29 23 6

Maternal 34 265 (14 133–100 847) 45 121 (27 850–351 427) 6827 (5203–23 413) .004

Cord 39 164 (26 581–86 775) 51 202 (26 784–103 483) 10 246 (5646–32 185) .004

Ratio 1.08 (0.81–1.49) 1.10 (0.66–1.50) 1.23 (0.99–1.47) .92

FTBd 86 60 26

Maternal 37 496 (19 271–103 467) 51 508 (31 762–123 346) 23 517 (6967–51 996) .004

Cord 59 625 (31 913–161 903) 81 359 (41 697–197 564) 39 822 (11 708–77 774) .003

Ratio 1.64 (1.18–1.96) 1.65 (1.30–1.90) 1.60 (1.13–2.02) .49

Statistical differences between vaccinated and unvaccinated mothers were assessed for maternal and cord anti-spike IgG by Wilcoxon rank sum test. The ratio is calculated as cord IgG divided 
by maternal IgG, and statistical differences between vaccinated and unvaccinated mothers were assessed by t test.

Abbreviations: FTB, full-term birth; IAV, influenza A virus; IgG, immunoglobulin G; PTB, preterm birth.
aMaternal and cord IAV A/Hong Kong/4801/2014 anti-H3 IgG results in pregnancies with PTB (<37 weeks’ gestation).
bMaternal and cord IAV A/Hong Kong/4801/2014 anti-H3 IgG results in pregnancies with FTB (≥37 weeks’ gestation).
cMaternal and cord IAV A/Michigan/45/2015 anti-H1 IgG results in pregnancies with PTB (<37 weeks’ gestation).
dMaternal and cord IAV A/Michigan/45/2015 anti-H1 IgG results in pregnancies with FTB (≥37 weeks’ gestation) stratified by annual influenza vaccination during pregnancy.

Table 4. Maternal and Cord RSV Anti-preF, IAV Anti-H3, and IAV Anti-H1 Protein Results in the General Cohort and by PTB and FTB Status

Median (IQR)

Total (N = 115) <37 wk (n = 29) ≥37 wk (n = 86) P Value

Anti-preF IgGa

Maternal 87 052 (46 999–144 508) 87 052 (46 999–145 311) 88 703 (51 379–136 642) .84

Cord 135 652 (86 280–207 152) 112 113 (60 468–139 984) 146 182 (93 478–215 557) .01

Ratio 1.64 (1.17–2.02) 1.14 (0.98–1.57) 1.75 (1.37–2.09) .03

Anti-H3 IgGb

Maternal 28 565 (14 144–53 089) 24 284 (11 019–55 226) 29 472 (14 144–51 345) .73

Cord 43 361 (19 534–74 230) 26 534 (13 977–49 613) 49 094 (24 237–82 604) .01

Ratio 1.50 (1.18–1.93) 1.19 (0.88–1.41) 1.61 (1.35–1.95) .001

Anti-H1 IgGc

Maternal 37 134 (18 782–103 467) 34 265 (14 133–100 847) 37 496 (19 271–103 467) .81

Cord 56 545 (26 937–156 580) 39 164 (26 581–86 775) 59 625 (31 913–161 903) .08

Ratio 1.49 (1.08–1.80) 1.08 (0.81–1.49) 1.64 (1.18–1.96) .09

Statistical differences between vaccinated and unvaccinated mothers were assessed for maternal and cord anti-spike IgG by Wilcoxon rank sum test. Ratio is calculated as cord IgG divided by 
maternal IgG, and statistical differences between vaccinated and unvaccinated mothers were assessed by t test.

Abbreviations: FTB, full-term birth; IAV, influenza A virus; IgG, immunoglobulin G; PTB, preterm birth; preF, prefusion F; RSV, respiratory syncytial virus.
aMaternal and cord RSV anti-preF IgG results in the entire cohort and by PTB and FTB status.
bMaternal and cord IAV A/Hong Kong/4801/2014 anti-H3 IgG results in the entire cohort and by PTB and FTB status.
cMaternal and cord IAV A/Michigan/45/2015 anti-H1 IgG results in the entire cohort and by PTB and FTB status.
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less efficient maternal IgG transfer ratios and PTB were signifi
cant (P ≤ .05) for RSV and IAV-H3. This demonstrates that in
fluenza vaccination during pregnancy has the potential to 
enhance transplacental IgG transfer even for preterm infants, 
which is important given high rates of preterm delivery globally 
and increased risks of morbidity and mortality in preterm 
infants.

In our study, the median cord:maternal transfer ratio was very 
high: 1.64 for RSV, 1.50 for IAV-H3, and 1.49 for IAV-H1. These 
findings are similar to other studies investigating transplacental 
antibody transfer for common respiratory viruses, including 
RSV [19–21]. For example, Albrecht et al [21] calculated an av
erage maternal-infant antibody transfer ratio of 1.5 for IAV but 
did not investigate differences between H3 and H1. A study of 57 

full-term mother-infant pairs from Seattle calculated cord:ma
ternal antibody transfer ratios of 1.15 for RSV, 1.22 for 
IAV-H3, and 1.38 for IAV-H1 [19]. While differences in effect 
size might be due to sampling site, vaccine exposure, and IgG de
tection methods, our findings confirm that RSV and influenza 
specific antibodies are transferred very efficiently across the pla
centa and in similar ratios.

We found that cord:maternal antibody transfer ratios were low
er in pregnancies with preterm infants, a finding that is well estab
lished in the literature for multiple virus-specific antibodies 
[20, 21]. More recently, in studies including Alaska Native and 
Seattle-based mother-infant pairs by Chu et al [19] and an 
Australian indigenous population by Homaira et al [22], the au
thors found significantly lower cord:maternal antibody transfer 

Figure 1. Paired profiles of maternal and cord IgG concentrations to illustrate transfer by preterm birth and full-term birth. A-C, Visualization of maternal antibody transfer 
for each mother-infant pair by log-adjusted IgG across prematurity: RSV anti-preF, IAV anti-H3, and IAV anti-H1. H1, A/Michigan/45/2015 HA (H1); H3, A/Hong Kong/4801/ 
2014 HA (H3); IAV, influenza A virus; IgG, immunoglobulin G; preF, prefusion F; RSV, respiratory syncytial virus.

Figure 2. Correlations between maternal and cord IgG concentrations by preterm birth and full-term birth. A-C, RSV anti-preF, IAV anti-H3, and IAV anti-H1. FTB, full-term 
birth; H1, A/Michigan/45/2015 HA (H1); H3, A/Hong Kong/4801/2014 HA (H3); IAV, influenza A virus; IgG, immunoglobulin G; PCC, Pearson correlation coefficient; preF, 
prefusion F; PTB, preterm birth; RSV, respiratory syncytial virus.
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ratios in preterm as compared with full-term infants for RSV but 
did not see significant differences between groups for IAV-H3 or 
H1. The differences observed for IAV may be affected by the tim
ing of predominant subtype circulation, sampling site, respiratory 
virus season of study, and infection history.

For IAV-H3 and IAV-H1, we found higher maternal and cord 
antibody concentrations in vaccinated individuals and their in
fants regardless of PTB status, with the largest discrepancies pro
duced in the PTB group for IAV-H1. Zhong et al [5] investigated 
the difference in H1N1 and H3N2 IgG concentrations in preg
nant individuals and infants at birth and found significantly high
er concentrations in those persons vaccinated during pregnancy 
and their infants for H1N1 but saw no significant differences in 
antibody concentration for H3N2. However, they limited their 
H3N2 analysis to the 2013–2014 and 2014–2015 influenza sea
sons, which in turn limited the sample size and power to detect 
significant differences.

It is important to consider that due to antigenic drift, antigens 
included in the annual influenza vaccine are often changed, and 
we used the same target strains for all specimens regardless of 
year for the MSD assay in this study. For example, the strains 
used in the MSD assay, A/Hong Kong/4801/2014 HA (H3) and 
A/Michigan/45/2015 HA (H1), matched the 2017–2018 season 
vaccine strains and the H1 2018–2019 season vaccine strain but 
did not match vaccine strains for subsequent seasons 
(Supplementary Table 1) [15]. This is an important distinction 
because the assay targets may not fully represent the true protec
tion elicited by vaccination in each season. In turn, the MSD out
put gives a representation of partial or nonspecific protection 
elicited from vaccination after the 2017–2018 season. Although 
these results may not provide a true representation of the protec
tion conferred from vaccination, it is reasonable to assume that 
vaccination may have boosted antibodies toward the MSD H3 

and H1 targets, which could represent a cross-reactive correlate 
of protection and be considered a correlate of season-specific 
protection.

Strengths of our study include a moderately sized multiyear co
hort with an adequate representation of pregnancies with pre
term infants. This allowed us to investigate PTB as a risk factor 
for less efficient cord:maternal antibody transfer across multiple 
respiratory virus seasons. We also collected reliable vaccination 
data utilizing the electronic medical record linked to the 
Washington State Immunization Registry, providing access to re
liable vaccination data. This study supports previous data show
ing that maternal influenza immunizations increase maternal and 
cord H3N2 and H1N1 IgG concentrations. This evidence has 
been primarily presented in clinical trials with little information 
known about this association in observational settings. This study 
helps fill this knowledge gap by presenting increased maternal 
and cord IAV IgG concentrations in an observational setting. 
Furthermore, laboratory methods used in this study utilized 
MSD, a novel, previously validated, high-throughput assay that 
requires a minimal amount of sera, limiting the time and resourc
es needed to obtain meaningful results [16, 23].

Our study was limited by the fact that we were unable to docu
ment prior infection with influenza or RSV. Since prior infection 
may influence antibody concentrations more strongly in unvac
cinated people, this may be especially relevant to our RSV analysis 
where all participants were unvaccinated [5]. Also, we did not fol
low participants and their infants for infections after birth [6]. 
This gap points toward future work that should be done to under
stand how vaccination timing and IgG concentrations in the 
mother and infant affect subsequent infection risk. These data 
can be used to make recommendations about the optimization 
of maternal influenza vaccination to potentially include protec
tion of preterm infants. There is a possible detection issue from 

Table 5. Associations Between Preterm Birth and Maternal and Cord RSV Anti-preF, IAV-H3, and IAV-H1 IgG

RSV Anti-preF IAV Anti-H3 IAV Anti-H1

IgG
β  

(95% CI)
P 

Value
βa  

(95% CI)
P 

Value
β  

(95% CI)
P 

Value
βa  

(95% CI)
P 

Value
β  

(95% CI)
P 

Value
βa  

(95% CI)
P 

Value

Maternal

PTB <37 wk −0.02 
(−.15, .11)

.81 −0.03 
(−.16, .02)

.65 −0.02 
(−.19, .15)

.82 −0.03 
(−.20, .15)

.76 0.01 
(−.23, .25)

.91 0.02 
(−.22, .27)

.85

Cord

PTB <37 wk −0.17 
(−.30, −.04)

.01 −0.17 
(−.31, −.04)

.01 −0.20 
(−.37, 
−.02)

.03 −0.20 
(−.37, 
−.02)

.03 −0.018 
(−.40, .04)

.11 −0.17 
(−.39, .06)

.14

Cord:maternal 
ratio

PTB <37 wk −0.63 
(−1.21, 
−.06)

.03 −0.59 
(−1.17, 
−.01)

.05 −0.42 
(−.66, 
−.17)

.001 −0.41 
(−.66, 
−.16)

.002 −0.70 
(−1.50, 

.10)

.09 −0.73 
(−1.54, 

.09)

.08

Reference for this analysis was FTB.

Abbreviations: FTB, full-term birth; H1, A/Michigan/45/2015 HA (H1); H3, A/Hong Kong/4801/2014 HA (H3); IAV, influenza A virus; IgG, immunoglobulin G; PTB, preterm birth; preF, prefusion F; 
RSV, respiratory syncytial virus.
aAdjusted for birth quarter.
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mismatched seasonal influenza vaccine strains and the influenza 
MSD antigens for the 2018–2019, 2019–2020, and 2020–2021 in
fluenza seasons [15]. Although the vaccine strains and MSD an
tigens are different in these seasons, the comparisons are 
internally controlled for by assessing cord:maternal transfer ratio. 
This study period coincided with COVID-19 mitigation mea
sures, which could have affected the generalizability of the last 
season of the study. However, upon further investigation there 
were not large differences in the distributions of maternal factors, 
birth outcomes, maternal IgG concentrations, cord IgG concen
trations, or cord:maternal IgG transfer ratios between the periods 
before and after COVID-19 mitigation measures. Last, we were 
unable to investigate biological variation or antibody function 
in this study. Therefore, we cannot draw any conclusions to 
whether biologic variability influences antibody concentrations 
or how functional the measured antibodies were.

Our results demonstrate that cord antibody concentrations 
are higher in vaccinated individuals in full-term and preterm 
infants, illustrating that maternal influenza vaccination is an 
important mitigation technique to boost infant antibody con
centration and potentially decrease the risk of infection in in
fants, particularly infants born preterm. Additionally, we saw 
cord:maternal transfer ratios >1 for RSV and influenza in un
vaccinated pregnancies, indicating that efficient antibody 
transfer can occur following natural infection. Infants born 
preterm are more likely to have lower cord antibody concentra
tions and less efficient maternal antibody transfer for RSV and 
IAV-H3, putting them at a greater risk for infection after birth. 
Our study also acts as a baseline for comparison with data after 
maternal RSV vaccine uptake increases and potential assistance 
in validating correlates of protection against RSV infection in 
the future.
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