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The transfer and decay of maternal antibodies against
enterovirus A71, and dynamics of antibodies due to later
natural infections in Chinese infants: a longitudinal,
paired mother-neonate cohort study
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Zhiyong Chen, H Rogier van Doorn, Simon Cauchemez, Benjamin J Cowlingt, Hongjie Yut

Summary

Background Since 1997, epidemics of hand, foot, and mouth disease associated with enterovirus A71 (EV-A71) have
affected children younger than 5 years in the Asia-Pacific region, including mainland China. EV-A71 vaccines have
been licensed for use in children aged 6-71 months in China, but not for infants younger than 6 months. We aimed
to assess the dynamics of maternal EV-A71 antibodies to inform choice of potential vaccination strategies to protect
infants younger than 6 months, because they have a substantial burden of disease.

Methods We did a longitudinal cohort study with mother-neonate pairs in local hospitals in southern China during
2013-18. We collected cord blood from neonates and venous blood from mothers at delivery. We followed up and
collected blood samples from the children at ages 2, 4, 6, 12, 24, and 36 months and tested for the presence of
neutralising antibodies against EV-A71 with virus neutralisation assays. Seropositivity, or protective titre, was defined
as a neutralisation antibody titre of 16 or higher. We estimated the seroprevalence, geometric mean titre (GMT), and
transfer ratio of maternal antibodies. We used a binomial distribution to derive the 95% ClIs of seroprevalence.
Seropositivity between mothers and neonates was compared by use of an agreement (k), while GMTs were compared
by use of paired Student’s ¢ tests.

Findings Between Sept 20, 2013, and Oct 14, 2015, 1054 mothers with 1066 neonates were enrolled. The EV-A71 GMT
was similar among pairs of neonates (22-7, 95% CI 20-8-24-9) and mothers (22-1, 95% CI 20-2-24-1; p=0-20). The
mean transfer ratio of maternal antibodies was 1-03 (95% CI 0-98-1-08). Although 705 (66%) of 1066 neonates
acquired protective concentrations of EV-A71 antibodies from mothers, these declined rapidly, with a halflife of
42 days (95% CI 40-44). The time to loss of protective immunity was extended to 5 months in neonates with mothers
who had titres of 128 or higher. By age 30 months, 28% of children had become seropositive because of natural
infection.

Interpretation EV-A71 maternal antibodies were efficiently transferred to neonates, but declined quickly to below the
protective threshold, particularly among those whose mothers had low antibody titres. Our findings suggest that
maternal vaccination could be explored to provide neonatal protection against EV-A71 through maternal antibodies.
Catch-up vaccination between ages 6 months to 5 years could provide protection to the approximately 30-90% of
children that have not had natural EV-A71 infection by that age.
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Introduction

Since 1997, large epidemics of hand, foot, and mouth
disease (HFMD) associated with enterovirus A71

of Asia, which poses a growing global public health
concern.*”
In China, HFMD poses a substantial burden to health,

(EV-A71) among children younger than 5 years have
been reported throughout the Asia-Pacific region,
including mainland China."* The estimated case-
severity risk is 1-74% and case-fatality risk is 0-055% in
mainland China. Younger age and living in rural areas
were associated with greater risk of fatal outcomes.” In
the past 5 years, increased circulation of EV-A71 and
outbreaks of HFMD have been described outside

with more than 1 million cases per year, with EV-A71
associated with the most severe and fatal outcomes.*
The case-fatality risk is highest among children younger
than 1 year, especially among those younger than
6 months (about 0-17% in children younger than
6 months vs 0-11% in those aged 6-11 months).’ No
specific antiviral treatment is available for HFMD.
Three licensed inactivated EV-A71 vaccines are available
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Research in context

Evidence before this study

Enterovirus A71 (EV-A71) is responsible for a substantial disease
burden of hand, foot, and mouth disease (HFMD) in young
children in the Asia-Pacific region, particularly in mainland China.
An increased circulation of EV-A71 was described in European
and North American countries, leading to outbreaks of severe
neurological illness, which poses a growing global public health
concern. A 2015 systematic review showed that 30% of children
in China were seronegative against EV-A71 and thus remained
susceptible at age 5 years. Available licensed EV-A71 vaccines in
China cannot be given to infants younger than 6 months,
among whom a substantial burden of severe disease occurs.
Necessity and timing of vaccination in early life is highly related
with maternal-derived antibody levels and their persistence.
We searched PubMed, Web of Science, China National
Knowledge Infrastructure, and Wanfang up to Feb 10, 2020,
using the following search terms: (enterovirus 71 OR EV-A71 OR
EV-71 OR EV71) AND (seroepidemiology OR seroepidemiologic
OR seroepidemiological OR serosurvey OR seroprevalence OR
seroprevalent OR seronegative OR seropositive OR serologic OR
serological OR seroincidence OR seroconversion OR seroconvert
OR GMT) AND (maternal OR maternally OR mother OR
transplacental OR placental OR infant OR newborn OR neonate
OR neonatal OR child OR children). Only four cross-sectional
studies and one longitudinal cohort study reported the
correlation between EV-A71 maternal and neonate antibodies in
mother-neonate pairs, with one study presenting the transfer
ratio. Of these studies, the cohort study alone characterised the
half-life of EV-A71 maternal antibodies, but obtained only

two blood specimens from neonates within 6 months of

age (ie, the cord blood and venous blood at age 6 months).
Another cohort study found that 33% of infants aged 3 months
and 7% of infants aged 6 months were positive for EV-A71
antibodies. One study reported the seropositivity and antibody
titres in neonates aged 2 and 7 months, but could not estimate

for use in children aged 6-71 months in China.*” Infants
younger than 6 months remain susceptible before they
receive the first dose of EV-A71 vaccination.

EV-A71 vaccines are used in the private sector in
mainland China. To promote their introduction into
the National Immunisation Programme, optimal timing
and value of catch-up vaccination should be assessed.
Information is needed on the presence and persistence of
maternal antibodies and dynamics of antibodies from
natural infection in early life. Several cross-sectional
studies reported correlation of EV-A71 antibody levels in
mother—neonate pairs.”* However, only one longitudinal
cohort study presented the halflife (42 days) from blood
samples collected at birth and at age 6 months."* Another
study found 33% seropositivity in babies aged 3 months
and 7% in those aged 6 months, but had high drop-out
rates of 68% at age 3 months and 90% at age 6 months.”
Mao and colleagues' reported seropositivity and antibody

the dynamics of maternal antibodies because the blood samples
were not collected for neonates at birth. No studies were found
that addressed the duration of protection conferred by maternal-
transferred antibodies.

Added value of this study

In this study, we assessed the transplacental transfer ratio of
EV-A71 antibodies, calculated the half-life of maternal-derived
EV-A71 antibody titres, and the time to loss of protective
immunity in neonates (with a cutoff titre of 16 or higher for
protective titres). To our knowledge, this was the largest
population-based study of mother-neonate pairs followed up
from birth to age 36 months that quantified the transplacental
transfer efficiency of EV-A71 antibodies, and measured the
dynamics of EV-A71 antibodies in neonates. Our findings
show that the mean transplacental transfer ratio was 1-03
(95%Cl 0-98-1-08). Although the majority of neonates
acquired protective concentrations of EV-A71 antibodies

from their mothers, this protection declined rapidly. After the
disappearance of maternal antibodies, antibody titres rose
because of natural infection, with about a third of children
infected by the age of 2:5 years.

Implications of all the available evidence

Our study showed that protective titres of EV-A71 antibodies
could be efficiently transferred to neonates from mothers
through the placenta. However, maternal antibodies declined
rapidly. The findings provide helpful information to guide
EV-A71 vaccination programmes and suggest that maternal
vaccination could be explored to provide protection to
neonates and infants younger than 6 months against EV-A71
through maternal antibodies. Catch-up vaccination between
ages 6 months to 5 years could provide protection to the
approximately 30-90% of children that have not had natural
EV-A71 infection by that age.

titre in babies aged 2 and 7 months, but could not estimate
the dynamics of maternal antibodies because the blood
samples were not collected for neonates at birth.

In our study, we quantified antibody concentrations for
EV-A71 in paired maternal and cord serum samples from
a large cohort of mothers and neonates, assessed the
transplacental transfer efficiency of maternal antibodies,
and analysed the antibody kinetics from birth to age
3 years, including the decline in maternal antibodies and
subsequent increases due to natural infection.

Methods

Study design and participants

We established a longitudinal, paired mother-neonate
cohort in three townships (Tianzhuang, Jiangnan,
and Qingtang) in Anhua county, Hunan Province,
southern China from September, 2013, to August, 2018
(appendix 2, p 3). Neonates were eligible for inclusion if
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they were born after Sept 20, 2013, and their mothers had
resided in the study sites in the preceding 3 months or
longer. Well trained nurses enrolled mother-neonate pairs
in six local hospitals. 89% of pregnant women from these
three townships give birth in these hospitals.

The study was approved by the Institutional review
board from WHO Western Pacific Regional Office
(2013.10.CHN.2.ESR), the Chinese Centre for Disease
Control and Prevention (201224), and Fudan University
(2019-05-0756). We obtained written informed consent
from all enrolled mothers for themselves and their
neonates.

Procedures

We collected a peripartum venous blood sample (2 mL)
from each woman around the time of delivery and a cord
blood sample (2 mL) from each neonate (baseline). Mothers
were interviewed within 1 week of delivery to obtain
information including demographics, gestational weeks,
delivery method, and birthweight of neonates. Infant blood
samples were taken at 2, 4, 6, 12, 24, and 36 months. The
first three follow-ups (at 2, 4, and 6 months) were done
allowing 1 week before or after the scheduled age. The last
three follow-ups (at 12, 24, and 36 months) were done
in February-March or August-November of 2014-18,
whichever was closer to the baby’s birthday.

At each follow-up visit, we interviewed caregivers
face to face about hygiene, vaccination, hospitalisation,
and breastfeeding (up to 6 months) of the enrolled
children. In February—March, 2017, we did a supple-
mentary investigation to collect information on mothers,
including self-reported underlying diseases and health
status during pregnancy. Aggregated data on all deliveries
in the townships during the study period was retrieved
from the Hunan Rural Population Health Information
System. EV-A71 activity was identified through enhanced
virological surveillance of HFMD in Anhua” and
national notifiable disease surveillance data in Hunan’
(appendix 2, pp 3-6).

An EV-A71 vaccine was introduced in 2016, after
recruitment and baseline visits were completed. For
enrolled children who were vaccinated against EV-A71
during the study period, we excluded from the analyses the
antibody titres of blood samples collected after vaccination.

Laboratory procedures

The neutralisation assays are described in appendix 2
(pp 6-8). Briefly, we used the EV-A71 FY573 strain
(GenBank accession number HM064456.1), belonging to
the same subgenogroup C4 as the circulating strains in
Anhua. Serum samples were serially diluted four-fold
(1/8 to 1/2048) in duplicate. Neutralising titres were
defined as the reciprocal of the highest dilution capable
of inhibiting 50% of the cytopathic effect and calculated
by use of the Karber method.” Neutralisation titres lower
than eight were assigned as four, and those higher than
2048 were assigned as 4096.

Statistical analysis

We calculated that a sample size of 900 mother-neonate
pairs would allow a 10% annual risk of EV-A71 infection
to be estimated to within +2-5%, with a statistical
significance level of 5%, allowing for a drop-out rate
of 39%.

We estimated the seroprevalence, geometric mean titre
(GMT), and transfer ratio of maternal antibodies. The
ratio of neonate-to-mother titre was log-transformed to
obtain normal distribution. The geometric mean of the
ratio is a frequently used metric to assess the transfer
efficiency of maternal antibodies.”” In this study, the
mean transfer ratio of maternal antibodies was defined
as the geometric mean of the ratio of neonate-to-mother
titre.

The protective immunity of EV-A71 antibodies has
not been well characterised. A phase 3 clinical trial of
EV-A71 vaccines has shown that a titre of 16 could be
considered as a possible serological marker for protection
against EV-A71-related HFMD or herpangina.” Therefore,
we defined seropositivity, or protective concentration, as
a titre of 16 or higher in the baseline analysis. Sensitivity
analyses were done with use of a cutoff of eight
(minimum detectable antibody level in neutralisation
assays) and 32. We used a binomial distribution to
derive the 95% CIs of seroprevalence (R package binom).
Seropositivity between mothers and neonates was
compared by use of an agreement (k), while GMTs were
compared by use of paired Student’s t tests.

We used statistical models to identify factors associated
with the level of neutralising antibodies against EV-A71
in neonates and with the transfer ratio, to identify factors
associated with seropositivity in neonates, to identify
dynamic patterns of antibody titres, to describe dynamic
patterns of seroprevalence in all infants, to quantify the
halflife of maternal-derived EV-A71 antibody titres and
the mean time to loss of protective immunity, and to
identify the association between maternal antibody levels
and time to loss of immunity of neonates. New infections
were defined as seroconversion (an individual whose
titres moved from lower to the seropositivity cutoff or
higher). We used the Kaplan-Meier estimator to estimate
the median time to seroconversion.

In the analysis of EV-A71 antibody dynamics in neonates,
records with missing titres due to loss to follow-up were
excluded. We also analysed and compared data from
participants with complete follow-up with those of all
participants.

All analyses were done in R, version 3.6.1, and SAS,
version 9.4.

Role of the funding source

The funders had no role in study design, data collection,
data analysis, data interpretation, or writing of the report.
The corresponding author had full access to all data in
the study and had final responsibility for the decision to
submit for publication.
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3499 mothers and 3532 paired neonates eligible for recruitment

2445 mothers with 2466 paired
neonates declined to participate

N

1066 mother-neonate pairs enrolled (1054 mothers and
1066 neonates) and participated in baseline visit

v

916 neonates participated in follow-up visit at age 2 months

v

| 572 neonates participated in follow-up visit at age 4 months |

:

| 636 neonates participated in follow-up visit at age 6 months |

v

| 761 neonates participated in follow-up visit at age 12 months |

-

706 neonates participated in follow-up visit at age 24 months

v

661 neonates participated in follow-up visit at age 36 months

Figure 1: Recruitment and follow-up visit rates for all participants

Results

Between Sept 20, 2013, and Oct 14, 2015, 3499 pregnant
women were approached, 1054 (30%) of whom were
enrolled and gave birth to 1066 paired neonates included
in the study. For 958 (91%) of 1054 women, blood
collection was done on the same day as cord blood
collection for paired neonates (appendix 2, p 11). The
follow-up rate was over 50% at each visit (figure 1), and
238 (22%) of 1066 neonates completed six follow-ups (full
follow-up subgroup). Seven enrolled children were
vaccinated against EV-A71 after age 6 months during the
study period, and thus we excluded their antibody titres
after vaccination. Among them, the first dose was
administered at age 10 months for one child in 2016, and
at age 21-33 months for six other children in 2017
Local contemporaneous EV-A71 activity is presented in
appendix 2 (pp 3-6). A clear peak in EV-A71 cases was
detected in March—June each year in 2014-16, with lower
circulation detected in 2017 and 2018.

The median age of mothers was 25 years (IQR 23-29);
and 576 (54%) of 1066 neonates were boys (table 1).
Follow-up time ranged from 1 to 41 months (median
35 months, IQR 18-37). We compared the characteristics
of enrolled mothers and neonates with those from the
same region who did not participate (appendix 2, pp 11, 14).
Mothers were similar in terms of age, gestational age at
delivery, parity, and gravidity, whereas women with
higher education and those from Qingtang township

Number of participants
Mothers
Age at delivery (years; n=1052)
16-19 40 (4%)
20-29 768 (73%)
30-48 244 (23%)
Education (n=1020)
Middle school or lower 711 (70%)
High school 273 (27%)
University or higher 36 (4%)
Township (n=1054)
Qingtang (27 people per 10°m?) 486 (46%)
Jiangnan (2-1 people per 10*m?) 382 (36%)
Tianzhuang (1.5 people per 10*m?) 186 (18%)
Gravidity (n=1048)
1 321 (31%)
2 431 (41%)
>3 296 (28%)
Parity (n=1048)
1 498 (48%)
2 518 (49%)
23 32(3%)
Neonates (n=1066)
Sex
Boys 576 (54%)
Girls 490 (46%)
Gestational age at birth (weeks)
<37 27 (3%)
37-42 998 (94%)
>42 41 (4%)
Birthweight (grams)
<2500 27 (3%)
2500 to <4000 963 (90%)
24000 76 (7%)
Has twin siblings 25 (2%)*
Data are n(%). *12 pairs of twins were included in our study; one more neonate
had a twin sibling but his twin sibling did not participate in our study.
Table 1: Participant characteristics

were relatively overrepresented in our sample. Among
neonates, sex and birthweight were similar.

EV-A71 antibody titres in neonates were positively
correlated with those in mothers (p=0-88, 95% CI
0-87-0-89), and 82% of paired titres were the same or
within a two-fold difference (figure 2A). We observed no
difference at baseline in overall GMT between paired
mother (22-1, 95% CI 20-2-24-1) and neonate (22-7,
20-8-24-9; p=0-20; figure 2B). With a cutoff of 16 for
seropositivity, the EV-A71 seroprevalence among
neonates (66%, 95% CI 63-69) was the same as among
mothers (66%, 63-68), with k agreement of 0-75
(0-70-0-79; figure 2C). The choice of antibody titre
threshold for seropositivity had little effect on the
consistency of seroprevalence in mothers and neonates
(appendix 2, p 17). The mean transfer ratio of maternal

www.thelancet.com/infection Published online October 5, 2020 https://doi.org/10.1016/51473-3099(20)30480-1



Articles

Maternal EV-A71 antibodly titres

Maternal age (years)

Maternal age (years)
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Figure 2: EV-A71 antibodies in mother-neonate pairs

(A) Correlation between neonatal and maternal titres (with use of Jitter function in R to avoid overlapping datapoints). (B) Maternal and neonatal geometric mean titres by maternal age.
(C) Maternal and neonatal seroprevalence (titre 216) by maternal age. EV-A71=enterovirus A71.

antibodies was 1-03 (95% CI 0-98-1.08), ranging
from 1/32 to 8 (appendix 2, p 18)—that is, antibody titres
in cord blood were 1-03-times higher than those in
mothers on average.

The multivariable analysis using a generalised linear
mixed model showed that antibody titres in neonates
were highly associated with maternal titres, followed by
maternal age and gestational age. For every two-fold
increase in maternal antibody titres, titres in neonates
increased by 87-6% (95% CI 83-8-91-5), and neonates
were 4-90-times (4:06-5-91) more likely to acquire
protective antibody levels (neutralising titre cutoff of 16).
The transfer ratio was higher among younger mothers and
in infants with greater gestational age (table 2). However,
the transfer ratio decreased by 6-2% (95% CI 4-2-8-1) for
every two-fold increase of maternal antibody levels.

Maternal antibody levels in neonates diminished
rapidly, followed by titre increases due to natural infection,
as was apparent in both GMT and seroprevalence
stratified by age groups (figure 3A, B). The generalised
linear mixed model fitted the original titres in all neonates
well (appendix 2, p 25) and showed that maternal EV-A71
antibody titres declined rapidly to below the protective
titre of 16 in 16 days (95% CI 12-20; figure 3C). The
proportion of neonates with protective antibody titres
decreased rapidly from 66% at birth to lower than 10% at
age 5-6 months. Subsequently, median EV-A71 antibody
titres gradually increased to the protective threshold and
higher by age 30 months (95% CI 27-36) due to natural
infection, with a seroprevalence of 28% (figure 3C, D). We
observed the same kinetics of EV-A71 antibodies for the
full follow-up subgroup (appendix 2, p 25). We further
split neonates into two cohorts according to their time of
birth. We observed that, compared with the other cohort,
the cohort that experienced stronger EV-A71 epidemics

antibody levels.

B (95% Cl) 2% (95% Cl) p value
Factors associated with log-transformed titre of EV-A71 antibodies in neonates
Maternal age (years) -0-017 (-0-030 to -0-004) 0-988 (0-979 t0 0:997) 0-010
Gestational age (weeks) 0-046 (0-003 to 0-089) 1-033 (1-002 to 1-064) 0-035
Log (maternal titre) 0-908 (0-878 to 0-938) 1-876 (1-838 t0 1-915) <0-0001
Factors associated with seropositivity in neonates (cutoff of 16)
Log (maternal titre) 1589 (1-400 to 1.777) 4-897* (4-055 to 5:914) <0-0001
Factors associated with transfer ratio of EV-A71 antibodies
Maternal age (years) -0-017 (-0-030 to -0-004) 0-988 (0-979 to 0:997) 0-010
Gestational age (weeks) 0-046 (0-003 to 0-089) 1-033 (1-002 to 1-064) 0-035
Log (maternal titre) -0-092 (-0-122 t0o -0-062) 0-938 (0-919 to 0-958) <0-0001

Because the antibody titres (including 4, 8, 16, 32, 64, and so on, up to 4096) are exponentiated to the power of 2,
we used In(2)-transformation instead of In(e)-transformation. In the logistic regression model, we used In(e)-
transformation for seropositivity in neonates to explore the risk factors. § higher than 0 indicates that the predictors
were associated with increases of EV-A71 antibodies by (2°-1) folds; B lower than 0 indicates the predictors were
associated with decreases of EV-A71 antibodies by (1-2°) folds. EV-A71=enterovirus A71. *For every two-fold increase
in maternal antibodly titres, neonates were 4-90-times (95% Cl 4-06-5-91) more likely to acquire protective

Table 2: Factors associated with EV-A71 antibodies in mother-neonate pairs

had higher antibody titres and seroprevalence due to
natural infections after the disappearance of maternal
EV-A71 antibodies (appendix 2, pp 26-27).

705 (66%) of 1066 neonates acquired protective
antibodies against EV-A71 (titre 16 or higher) from their
mothers. Among them, the half-life of EV-A71 antibodies
was 42 days (95% CI 40-44), and the time to loss of
protective immunity was 58 days (53-62). The time to
loss of protective immunity was extended to 5 months in
neonates born from 159 (15-1%) of 1054 mothers with
titres of 128 or higher (appendix 2, p 28). The choice of
protective threshold had little effect on antibody half-life
(appendix 2, p 28). The proportion of neonates having
protective antibody titres was reduced to 50% at age
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Figure 3: Dynamic pattern of EV-A71 antibody titres and seroprevalence by age in all neonates
(A) Observed GMTs stratified by age groups. (B) Observed seroprevalence (with a cutoff of 16 for seropositivity) stratified by age groups. (C) Fitted EV-A71 antibody
titre dynamics by use of a generalised linear mixed model. (D) Observed and fitted seroprevalence by use of a generalised linear mixed model (with a cutoff of 16 for

seropositivity). EV-A71=enterovirus A71. GMT=geometric mean titre.

2 months, and decreased to 15% at age 4 months
(figure 4A). For every two-fold increase of antibody titres
in mothers at delivery, the duration of protection
was extended by 1 month (figure 4B). The cumulative
probability of seroconversion in neonates was 5% at age
12 months, 20% at age 24 months, and 32% at age
36 months (figure 4C).

Additionally, we analysed the effect of breastfeeding
duration before age 6 months. We observed no significant
association between breastfeeding duration before age
6 months and the risk of seroconversion within age
6 months (hazard ratio 1-086, 95% CI 0-717-1-646,
p=0-70) or the risk of seroconversion within age 3 years
(0-989, 0-930-1-052, p=0-73; appendix 2, p 28).

Discussion

In this large population-based study of mother—neonate
pairs followed up from birth to age 36 months, we
quantified the transfer efficiency of maternal EV-A71
antibodies, and we measured the dynamics of maternal
antibodies and those in neonates due to natural

infections. Our study revealed that the average EV-A71
antibody titres and seroprevalence (titres of 16 or
higher) were similar in maternal and cord blood, with a
mean transfer ratio of maternal antibodies of 1-03
(95% CI 0-98-1-08). Although 66% of neonates acquired
protective concentrations of EV-A71 antibodies from
mothers, these declined rapidly. After the disappearance
of maternal antibodies, antibody titres increased because
of natural infections, with about a third of children
seroconverted at age 30 months.

Maternal antibodies can provide protection for
neonates in the first months of life against diseases such
as measles, rubella, diphtheria, and tetanus.””” The
protective effects and duration depend on antibody
concentrations in mothers, maternal antibody transfer,
and persistence in neonates. The transfer of EV-A71
antibodies from mother to infant was efficient. However,
on average, maternal antibodies in neonates declined
quickly to below a protective level at about age 2 weeks,
with a steep drop in proportions of neonates having
protective antibody within age 6 months, as reported by
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Fu and colleagues.” These findings correspond to the
clinical observation that infants are at high risk of EV-A71-
related HFMD Dbefore age 1year* and are most vulnerable
to developing severe HFMD before age 6 months,’ a
period when maternal antibodies are waning and
the infant’s immune response might be incapable of
generating a robust neutralising antibody response to
infection.

Three inactivated monovalent EV-A71 vaccines have
been licensed in mainland China for children aged
6-71 months.” Our study showed that administering the
first doses at age 6 months might be too late to protect
infants younger than that. Therefore, it is important to
further investigate the optimal timing of vaccination,
which could be administered as early as age 1 month if
introduced into the National Immunisation Programme.
An inactivated EV-A71 vaccine developed in Taiwan elicits
a strong immune response and is tolerable in participants
aged 2-6 months.” A phase 3 clinical trial is being done
to assess its safety and efficacy.® We recommend doing
clinical studies with EV-A71 vaccines currently used in
mainland China, to further assess the doses, safety, and
effectiveness in children younger than 6 months.

The available licensed EV-A71 vaccines in China use
aluminium adjuvants to improve immunogenicity,
which are likely to lead to higher reactogenicity in very
young infants.” Given the potentially reduced tolerability
or safety of vaccinating young infants, another option is
the vaccination of mothers during pregnancy to protect
infants in the early months of life, which has proven
efficacious for influenza and pertussis.”®” We estimate
that the time to loss of protective immunity can be
extended to 5 months in mothers with titres of 128 or
higher. However, only 159 (15-1%) of 1054 mothers had
antibody titres of 128 or higher. The maternal antibodies
in our study reflected the immune response of natural
infection rather than vaccination. Previous studies
showed that EV-A71 vaccination in children elicited a
substantial increase in neutralising antibodies that was
persistent, with a GMT of 141 5 years after vaccination.”*
These findings emphasise the fact that maternal
vaccination might be an alternative effective means of
decreasing EV-A71-related HFMD in infants in the first
months of life. The antibody response and duration of
immunity produced by maternal EV-A71 vaccination, as
well as the efficacy or effectiveness of maternal EV-A71
vaccination merits additional research.

With the waning of maternal antibodies in neonates, the
probability of seroconversion due to natural infection
increased with age. However, about two thirds of children
remained susceptible to EV-A71 infection at nearly 3 years
of age. Takahashi and colleagues reported that an EV-A71
vaccination coverage level higher than 96% is necessary to
achieve population-level immunity because of its very high
R, To eliminate transmission of EV-A71, in addition to
implementing a routine EV-A71 vaccination programme
for very young infants (younger than 6 months) of each
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Figure 4: Loss of protective immunity acquired from mothers and seroconversion in neonates followed up

from birth to about age 3 years

(A) Kaplan-Meier plot of probability of seropositivity (titre of 16 or higher) in neonates who were seropositive at
birth. (B) Relationship between time to loss of seropositivity (titre of 16 or higher) and maternal antibody titres.

(C) Cumulative probability of seroconversion in all neonates.

birth cohort, a one-time catch-up vaccination could protect
children aged 6 months to 5 years who have higher risk of
infection because of susceptibility and increasing frequent
contact with other children.

Our study found that higher maternal antibody levels
resulted in a lower placental transfer ratio, which
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decreased by 6-2% (95% CI 4-2-8-1) for every two-fold
increase of maternal antibody levels. This occurrence has
been shown in other pathogens such as measles.” This is
explained by saturation of Fc receptors in the placenta,
which binds the antibodies transferred from mothers to
neonates.”

A substantial drop in local EV-A71 prevalence was
found after 2016. We did additional analyses stratified by
the time of birth of neonates to assess the potential effect
of EV-A71 activity in our findings. The cohort experiencing
stronger EV-A71 epidemics showed higher antibody titres
and seroprevalence due to natural infections than those
of the other cohort.

No significant association was found between breast-
feeding and the risk of seroconversion. Breastfeeding
information was only obtained for the first 6 months of
life. This might have limited our exploration of the effect
of breastfeeding on seroconversion because natural
infections predominantly occurred after age 6 months
because of decay of maternal antibodies and increased
contact with other children.

Originally, the primary objective of our wider study was
to estimate the infection rate among neonates. Therefore,
the sample size calculation was based on the annual risk
of EV-A71 infection. However, the main purpose of this
part of the study was to estimate the transfer and
dynamics of maternal antibodies on the basis of this
cohort. The sample size was found to be sufficient to
estimate logg,, to within +1 and seroprevalence to
within +2-5%.

Compared with previous studies,”” our study was
strengthened by the cohort’s sequential longitudinal
design and a large sample size, with frequent follow-up
visits and high follow-up rates. Substantial differences
were observed in factors such as mothers’ education,
township of residence, parity, and birthweight of
neonates between the infants who did and did not
participate in the study, as well as follow-up visits.
However, the disparity would not have biased our
findings because these factors were not associated with
the transfer ratio of maternal antibodies, antibody titres,
and seropositivity in neonates (appendix 2, pp 11, 14-16).

The maternal age at delivery in our study (median
25 years, IQR 23-29) was similar to that of women across
China (285 years).”” The GMT of EV-A71 antibodies in
mothers in our study (22-1) was consistent with those of
other studies across China (24-0-26-6).°""* Accordingly,
the transfer characteristics of maternal antibodies in our
study are likely to represent those of China. However, the
seasonality and activity of EV-A71 varied between
geographical regions. Two peaks in spring and autumn
were observed in southern China, whereas only one peak
in summer was observed in northern China.* Additionally,
EV-A71 has been circulating in the Asia-Pacific region
since the 1990s, whereas EV-A71 activity remained at a low
level in Europe and the USA for decades, where
an increasing number of EV-A7l-associated outbreaks

occurred in the past 5 years.””*** Accordingly, the
generalisability of our results on natural infections to
northern China and other countries should be done with
caution because of variations in EV-A71 exposure history.

We found that the transfer ratio of maternal EV-A71
antibodies was 1-03, which is similar to that from a study
done in Guangzhou, China.” However, the transfer ratio
of EV-A71antibodies was lower than that of measles (1-65),
mumps (1-53), and rubella (1-62).* Many factors might
have affected the transfer capability, such as IgG
subclasses, maternal nutrition, maternal HIV infection,
diabetes, and hypergammaglobulinaemia.” In this study,
we did not explore these factors, and this could be a topic
for additional research.

Our study had some limitations. First, we were unable
to determine whether maternally derived EV-A71
antibodies protected against clinical illness because this
would have required frequent and regular active
surveillance of each participant for episodes of HFMD
throughout follow-up. Second, the last three follow-up
visits were done in the spring and autumn of each year,
which did not necessarily correspond to the exact ages
of 12, 24, and 36 months of neonates. This discrepancy
led to variations in the exact age of infants at follow-up
visits and small numbers in some age groups, which
could influence the precision of seroprevalence
estimates. As shown in figure 3D, only 11 children were
included in the age 33 months group, which had a wide
95% CI.

Protective titres of EV-A71 antibodies were efficiently
transferred to neonates from mothers through the
placenta. However, titres declined rapidly to below
protective levels up to the time of the first dose of
EV-A71 vaccination at age 6 months. Our study was a
longitudinal cohort study with mother—-neonate pairs
that followed up children from birth up to age
36 months with serial serology. Studies such as ours
are essential to obtain robust estimates of maternal
antibodies against EV-A71, better understand their
dynamics, and inform policy making on EV-A71
vaccination. It is important to assess the potential
benefits of vaccinating children younger than 6 months
and pregnant women, as well as the benefits of one-
time catch-up vaccination for children aged between
6 months and 5 years.
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