
ORIGINAL ARTICLE

Genetic effects have a dominant role on poor
responses to infant vaccination to hepatitis B virus

Kai Yan1,2, Wenping Cai3, Fang Cao2, He Sun4, Shaoke Chen2, Ruiwei Xu2, Xin Wei5, Xiaoxiang Shi6

and Weili Yan1

The objective of this study was to investigate the overall contribution of genetic and environmental effects on poor response

to hepatitis B virus (HBV) vaccination in Chinese infants. One-year-old healthy twins were recruited from child-care settings.

Parental factors, neonates’ condition at birth, postnatal infant feeding history and growth measurements during the 12 months

were investigated by conducting an interview and checking the medical records. HBV-related markers were examined at 1 year

of age. Heritability of surface antibody to HBV (anti-HBs) concentrations (ordinal variable) among twins was estimated using

MX software. The role of perinatal environmental factors on poor vaccine response (anti-HBso100 mIU ml�1) was analyzed

using XTGEE (fit population-averaged panel-data models by using GEE) programs. Overall, 172 out of 225 recruited twin pairs

were analyzed for heritability, including 82 pairs (47.67%) of monozygotic twins and 90 pairs of dizygotic twins, which

consisted 43 pairs of (25.0%) opposite sex twins, 29 pairs of male twins and 18 pairs of female twins. Seventy-one (19.9%)

of 370 twins showed poor responses to HBV vaccine. An additive genetic (0.91 of the variance)—random environmental (0.09

of the variance)—model best fit the variation of anti-HBs response. Risk factor analysis showed that with a smoking father and

low birth weight, the infants were associated with an increased risk of poor response to HBV vaccination (odds ratio

(OR)¼4.50, 95% confidence interval (CI): 2.52–8.03 and OR¼2.55, 95% CI: 1.33–4.87, respectively). Higher Apgar score

and gaining more body weight in the first year of life reduced this risk. Genetic factors have a dominant role in determining

infant HBV vaccination responses (91%) compared with perinatal environmental factors.
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INTRODUCTION

Infant hepatitis B virus (HBV) vaccination, as the most effective way
to prevent HBV infection,1–3 was begun in China in 1992 as part of a
national neonatal vaccination program. HBV immunization was
administered to neonates at birth, at the first month and at the
sixth month (0–1–6 program). It was reported by several studies that
10–15% of infants have a poor response to vaccination4,5 (including
nonresponse that is defined as peak surface antibody to HBV (anti-
HBs) antibody concentration below 10 mIU ml�1, and low response
that is defined as anti-HBs concentration between 10–100 mIU ml�1).
This poor response rate may increase with age. Low responders may
remain susceptible to HBV infection as their antibody titers decline.
Previous studies reported that both environmental and genetic factors
contribute to vaccine responses;6,7 however, determinants of poor
response have not been well characterized. Few studies identify risk
factors that influence vaccine responses in infants.8 The effect of
genetic or individual environmental factors on vaccine response
remains confounded by differences in study subjects, method of

vaccination, outcome measurements and analytical methods. By using
a 1-year-old healthy twin infant sample, who completed full-course
HBV vaccination programs from birth, the current study aims to
systematically investigate the overall contribution of genetic and
environmental effects on infant HBV vaccine responses and possible
perinatal environmental risk factors.

MATERIALS AND METHODS

Ethic statements
The study protocols and consent procedure were approved by The Medical

Ethic Committee of Children’s Hospital of Fudan University. Written informed

consent forms were obtained from parents on the behalf of the infant

participants involved in our study. The study was conducted in accordance

with the guidelines proposed in the World Medical Association Declaration of

Helsinki.

Study subjects
Twin sample was for classical twin heritability estimation of poor vaccine

responses. All subjects were recruited at their 1-year-old regular physical
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examination performed at child-care settings of five comprehensive hospitals

in Urumqi city, Xinjiang Uygur Autonomous Region, China. Children under-

went HBV vaccination at birth, at 1 month and at 6 months. Five microgram

recombinant HBV vaccine (KT60,2004L00065, recommended by the Chinese

Ministry of Health, manufactured by Kangtai Biological Product, Shenzhen,

Guangdong, China) were administered at each vaccination.

Inclusion criteria were twin infants with alive co-twins, who completed HBV

full-course vaccination by the 0–1–6 program with serological antibody

concentration (anti-HBs) examined at age of 1 year (±1 month), who were

of Han or Uygur ethnicity, whose mother had complete perinatal examination

medical records and who had complete records of regular physical examination

from birth to 1 year of age. Infants who had severe birth defects, history of

severe infection, positive HBV antigen test or maternal history of HBV

infection were excluded.

Perinatal data collection
Detailed data were obtained from the mother and father of the infants,

including demographic information, history of noncommunicable chronic

disease, infections during pregnancy, allergy to drugs or foods, HBV infection,

HBV vaccination, cigarette smoking and alcohol consumption. Smoking

history was obtained by asking ‘Do you smoke?,’ followed by three options:

never smoke, smoke occasionally or smoke every day. Maternal gestational

weight gain, infant feeding history and infant growth measurements at four

time points, the forty-second day and at the end of the third, sixth and twelfth

month in the first year of life were obtained by interviewing parents and from

medical records. A venous blood sample (1 ml) was drawn from infants for

serum HBV biomarker examination and DNA extraction.

Testing for HBV markers
HBV markers were qualitatively and quantitatively examined in the Central

Laboratory of the First Teaching Hospital of Xinjiang Medical University,

under regular quality control. Whole blood (2 ml) was collected from

participants using nonanticoagulant tubes (Becton Dickinson, Franklin Lakes,

NJ, USA), centrifuged at 3000 r.p.m. for 10 min, separated within 3 h and

stored at �20 1C. Qualitative HBV markers (Abbott, Delkenheim, Germany),

including HBs antigen, anti-HBs and anti-HBc, were examined using enzyme-

linked immunosorbent assay kits (Auszyme Monoclonal, AUSAB, Corzyme;

Abbott Laboratories, North Chicago, IL, USA). Recombinant HBV surface

antigen (HBsAg; 100ml; 1mg ml�1) in 1 M bicarbonate buffer (pH 8.2) was

coated onto microtiter plates and incubated overnight at 4 1C. The plates were

then washed in phosphate-buffered saline and incubated overnight in

phosphate-buffered saline buffer containing 4% bovine serum albumin at

4 1C. After two washes, 100ml of peroxidase IgG, diluted 1:4000, was added

and the plates incubated were for 1 h at 37 1C. Following a phosphate-buffered

saline wash step, 100ml of substrate was added and the plates incubated for

30 min at 37 1C, and then stopped with 50ml of 1 M H2SO4. An optical reading

of the plates was performed at 450 nm, using a spectrophotometer. Anti-HBc

and HBs-Ag concentrations were expressed as the optical density and the

sample-to-cutoff ratio. Anti-HBs were examined quantitatively by enzyme-

linked immunofluorescent assay using Architect i1000 kits (Abbott), according

to the manufacturer’s recommendations. Reactivity to HBsAg was visualized

with a mouse anti-human IgG horseradish peroxidase (HRP) conjugate and

HRP substrate. The results were interpreted with a computer-assisted light-

intensity analyzer for each dot.

Definition of poor HBV vaccine responders
HBV biomarkers, including quantitative anti-HBs and regular five qualitative

markers, were examined for venous blood 6 months after the third injection.

Poor responses were defined as anti-HBso100 mIU ml�1 in this study. To

exclude occult infection of HBV, 25 and 55 twin subjects were dropped because

of positive serum HBsAg tests and reported maternal HBV infection history,

respectively.

Zygosity determination
Zygosity of twins was determined using DNA-based microsatellite markers

(PowerPlex 16, Promega, Madison, WI, USA) based on the standardized

protocols from the manufacture (PowerPlex Matrix Standard 310). Negative

controls and positive controls were also determined for quality control of the

assay. Gender of the subjects was confirmed by conducting an interview and

performing genetic tests. Zygosity of 192 pairs of twins was successfully

determined.

Statistical analysis

Heritability analysis. The overall contribution of genetic and environmental

effects on HBV vaccine response was estimated using classical MX path

analyses9 among 172 complete pairs of twins with complete zygosity and

vaccine response data. MX path analysis fits models to phenotype (anti-HBs

concentration were treated as ordinal variable defined as no response, low

response or normal response, using cutoff points of 10 and 100 mIU ml�1) and

determines the relative contribution of additive genetic variance (A), dominant

genetic variance (D), common environmental variance (C) and random

environmental variance (E). We initially fitted a model that allowed for ACE

contributions. The fit of the data was then compared using ACE, AE and CE

models. Results show heritability under the ACE model, unless the AE model

provided a significantly better fit to the data than ACE (Po0.1).9

Risk factor analysis. General descriptive and inferential statistical analyses

were performed using STATA 11.0 (Stata, College Station, TX, USA) among

370 twin subjects with complete zygosity, questionnaire data and anti-HBs

data. A P-valueo0.05 was used to indicate statistical significance. As anti-HBs

antibody did not meet normal distribution with censoring values at

1000 mIU ml�1, the response to HBV vaccine was defined as binomial: 1 for

poor response (anti-HBs antibodyo100 mIU ml�1) and 0 for normal response

(anti-HBs antibodyX100 mIU ml�1), for risk factor analysis and heritability

analysis. The XTGEE (fit population-averaged panel-data models by using

GEE) program was applied to adjust the within-twin relatedness during the

Table 1 General characteristics of study subjects

Characteristics

Twin subjectsa

(individuals)

MZ twinsb

(pairs)

DZ twinsb

(pairs)

N 370 82 90
Male, n (%) 217 58.65 51 (62.2) 50.5 (56.1)
Han ethnicity, n (%) 321 86.76 73 (89) 78 (86.7)
Gestational age (range) 36.7±2.1 30–40 36.7±2.1 36.01±2.17
Cesarean, pair (%) 169 91.35 7 (91.4) 8 (91.1)
Birth weight, kg (range) 2.5±0.5 1.5–3.7 2.6±0.4 2.47±0.48
Low birth weight, n (%) 159 42.97 — —
Asphyxia at birth,
n (%)

40 12.97 — —

Apgar score (range) 9.14±1.03 5–10 9.1±1.2 9.22±0.95
Infection at birth,
n (%)

23 6.22 — —

Father infected HBV,
pair (%)

21 11.08 10 (12.2) 9 (10)

Father HBV vacci-
nated, pair (%)

62 33.51 32 (37.8) 29 (32.2)

Father smoker,
pair (%)

136 73.78 60 (73.2) 65 (72.3)

Father alcohol
consumer, pair (%)

153 82.70 69 (84.2) 72 (80)

Mother HBV
vaccinated, pair (%)

78 42.16 33 (40.2) 38 (42.2)

Mother smoker,
pair (%)

1 0.54 0 1 (1.1)

Mother alcohol
consumer, pair (%)

7 3.78 16 (19.5) 27 (30)

Months of breast
feeding, months

7.72±1.62 0–11 7.8±1.8 7.7±1.5

Infections before 1
year old, n (%)

1 0.27 — —

Weight gain at
1 year old, kg

6.52±0.87 4–9.3 6.4±0.9 6.6±0.8

Abbreviations: DZ, dizygotic; HBV, hepatitis B virus; MZ, monozygotic.
aData analyses were performed in 370 twin subjects (individuals) after exclusion of positive
maternal HBV infection (n¼55) or positive serological infant HBV antigen testing (n¼25).
bComputations were based on twin pairs valid for twin analysis inappropriate to be calculated
as twin pairs.
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association between perinatal risk factors with the poor response to HBV

vaccination. Risk factors covered maternal and paternal factors before and

during pregnancy, birth outcomes, feeding and growth measurements of infant

during the first 12 months. Independent variables included maternal age,

maternal weight gain during pregnancy, maternal HBV infection history, HBV

vaccination history of parents, parental smoking and alcohol consumption,

birth weight, Apgar score (a commonly used simple and repeatable method to

quickly and summarily assess the health of newborn children immediately after

birth.), mode of delivery and infant body weight at four postnatal time points

(at the forty-second day, third month, sixth month and twelfth month).

For risk factor analysis for unrelated subjects in the singleton sample,

vaccine response were treated as binomial variable and continuous variable

respectively, multivariate logistic regression and tobit regression were per-

formed for respectively. Risk estimates were reported as odds ratios and 95%

confidence intervals.

RESULTS

General characteristics of study subjects
In total, 225 pairs (450 subjects) of twins were recruited. After
excluding failure in zygosity determination (n¼ 16 subjects), positive

maternal HBV infection history (25 subjects) and infant serological
HBV-Ag examination test (55 subjects HBsAgX0.105 sample-to-
cutoff ratio), the general and clinical characteristics of 370 study
subjects are shown in Table 1. Seventy-one out of 370 twin subjects
(19.19%) were poor responders to HBV vaccine. The participants’
flow chart was presented (Figure 1).

Heritability of poor responses to infant HBV vaccination
Heritability analysis was performed in 172 pair of twins with 82 pairs
(47.67%) of monozygotic (MZ) twins, including 29.65% (51 pairs/
172 pairs) male twins and 18% (31 pairs/172 pairs) female twins.
Ninety pairs of dizygotic (DZ) twins consisted 25% of opposite sex
(43 pairs ), 16.86% of males (29 pairs) and 10.47% of females (18
pairs). To test if sex had any effect on poor response to HBV
vaccination, the concordance rate were compared between sex by MZ
and DZ twins before the heritability analysis (Table 2a). The
proportion of nonresponders, low responders and normal responders
did not differ significantly between male subjects and female subjects,
either in the Han or the Ugyur ethnic groups (Table 2b). The
concordance rate of responses (ordinal) to HBV vaccine was margin-
ally higher in MZ twins than that in DZ twins (Table 2c); however, it
did not significantly differ between males and females in neither the
MZ twins (0.882 vs 0.87, P¼ 1 Fisher’s exact test) nor in the DZ twins
(0.690 vs 0.722, P¼ 0.812 ). Therefore, we did not test sex effect in
MX modeling. The correlations of anti-HBs antibody levels within
twin pairs were rMZ¼ 0.6534 vs rDZ¼ 0.3489 in MZ and DZ twins,
respectively (Figure 2). As rDZ41/2rMZ, model fitting was performed
starting with ACE, AE and CE model (Table 3). It showed that AE
model fitted best to the data. The estimated additive genetic effect and
unique environmental effect was 0.9063 (95% CI: 0.7561–0.9717) and
0.0937 (95% CI: 0.0283–0.2440), respectively.

Figure 1 The flow chart of study subjects.

Table 2a Diverse response to HBV vaccine in MZ twins and DZ twins

by sex

MZ twin 1, pairs (%) DZ twin 1, pairs (%)

Anti-HBs, mIUml�1 o10 10B100 X100 o10 10B100 X100

Male

o10 38 (95) 2 (5) 0 18 (75) 3 (12.5) 3 (12.5)

X10 and o100 4 (50) 4 (50) 0 3 (60) 2 (40) 0

X100 0 0 3 (100) 0 0 0

Female

o10 26 (92.9) 2 (7.1) 0 12 (85.7) 1 (7.15) 1 (7.15)

X10 and o100 1 (50) 1 (50) 0 2 (100) 0 0

X100 0 1 (100) 0 1 (50) 0 1 (50)

Opposite sex

o10 � � � 30 (90.9) 3 (9.1) 0

X10 and o100 � � � 2 (25) 6 (75) 0

X100 � � � 1 (50) 1 (50) 0

Abbreviations: Anti-HBs, surface antibody to HBV; DZ, dizygotic; HBV, hepatitis B virus; MZ,
monozygotic.

Table 2b Diverse response to HBV vaccine by sex and ethnicity

Response to HBV vaccine

Sex Ethnicity

o10mIU

ml�1, %

X10 and

o100mIU

ml�1, %

X100mIU

ml�1, % w2 P-value

Ethnicity

Han Male 8 (57.14) 41 (73.21) 136 (58.62) 4.1530 0.125

Female 6 (42.86) 15 (26.79) 96 (41.38)

Uygur Male 1 (50) 8 (66.67) 9 (32.14) 4.1319 0.099

Female 1 (50) 4 (33.33) 19 (67.86)

Abbreviation: HBV, hepatitis B virus.

Table 2c Diverse response to HBV vaccine in MZ twins and DZ twins

Anti-HBs,

mIUml
�1

MZ twin 1,

pairs (%)

DZ twin 1,

pairs (%)

o10 10B100 X100 o10 10B100 X100

MZ twin2/DZ twin2

o10 3 (1.74) 1 (0.58) 0 1 (0.58) 1 (0.58) 2 (1.16)

X10 and o100 0 5 (2.91) 5 (2.91) 0 8 (4.65) 7 (4.07)

X100 0 4 (2.33) 64 (37.21) 4 (2.33) 7 (4.07) 60 (34.88)

Abbreviations: Anti-HBs, surface antibody to HBV; DZ, dizygotic; HBV, hepatitis B virus; MZ,
monozygotic.
The concordance rate in MZ twins 0.878 (72/82) is higher than that in DZ twins 0.767 (69/
90), P¼0.058.
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Risk factors to poor vaccine responses
Perinatal parental and infant risk factors were compared between
vaccine normal responders and poor responders in twins (regardless
the within-twin relatedness). We found that Uygur ethnicity, low birth
weight, low Apgar score, smaller gestational age, asphyxia at birth, less
weight gain before 1-year-old, less breast feeding and paternal HBV
infection history were more common in poor responders than that in
normal responders in twin subjects (Pp0.015; Table 4). To adjust the
relatedness within twin pairs, effects of above possible risk factors to
the outcome were analyzed by using XTGEE programs. After
manually model fitting, four risk factors remained significantly
associated with the outcome (Table 5). It showed that smoking father
increased the risk of poor HBV vaccine response (OR¼ 3.5, 95% CI:
2.52–8.03). Infants born with low birth weight had higher risk to be
poor responders to HBV vaccine compared with those born with
normal weight (OR¼ 2.55, 95% CI: 1.33–4.87). Every 1 kg of
increment of weight gain in the first year of life reduced the risk of
poor response to HBV vaccine by 52%. Increment in Apgar score by 1
at birth decreased the risk by 1/2 (Table 5). Same analyses were
performed in subgroup of twins with normal birth weight only,
showing the similar association between the rests of three indicated
risk factors above with the outcome. The OR (95% CI) for smoking
father, first-year weight gain after birth and Apgar score were 4.13
(1.97–8.67), 0.53 (0.30–0.93) and 0.58 (0.39–0.87), respectively.

DISCUSSION

The current study fits an AE model for the phenotype and poor
response to infant HBV vaccination; it also reports a heritability of the
phenotype of 0.91 in Chinese 1-year-old infants, indicating that the
HBV vaccine responses are dominantly determined by a genetic effect
(0.91) and rest of the variation (0.09) is determined by unshared

individual environmental factors. The estimation of heritability of
poor response to HBV vaccine reported by the current twin analysis is
higher than previous twin studies; for example, 0.60 for anti-HBs titer
reported by Höhler et al.6 based on 202 pairs of adult twins, and 0.77
for anti-HBs concentration reported by Newport et al.7 based on 5-
month-old infants vaccinated at birth. Similar to the previous twin
studies, the best-fitted model includes additive genetic effect and
unique environment effect only (AE model).

Heritability is partly dependent on the prevalence of environmental
risk factors in the study sample; in populations with a higher
environmental exposure, the heritability will be lower.10 The higher
heritability of the HBV vaccine response found in infant twins than
that in adult twins may indicate stronger genetic effect on the
outcome. With this motivation, this study for the first time
evaluates the heritability of vaccine response in Chinese infants after
the uniform infant HBV vaccination program. In a previous twin
study, which also used infant subjects,7 the responses of antibody to
three-dose HBV vaccination (by 0–2–4 program) in infants aged 5
months was determined by additive genetic effect (0.77) and unshared
environmental factors (0.23).7 The differences in general
characteristics of the study subjects of the two infant twin studies,
such as age, ethnicity, vaccine, duration of anti-HBs examination after
vaccination and nutrition status, may influence the variation of anti-
HBs levels and may contribute to the different estimation of the
overall genetic effect on the phenotype. The twins of the current
study, with average birth weight of 2.5 kg, gestational age of 36.7
weeks and average Apgar score of 9.1, are relatively healthy and have
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Figure 2 Correlations of surface antibody to HBV (anti-HBs) concentration

within monozygotic (MZ) twins and dizygotic (DZ) twins. The correlation

coefficient of anti-HBs levels within twin 1 and twin 2 was r¼0.6508 in

MZ twins and r¼0.3456 in DZ twins, respectively. A full color version of

this figure is available at the Journal of Human Genetics journal online

Table 3 Heritability analysis

Model A (95% CI) C (95% CI) E (95% CI) RMSEA AIC w2 P-value

ACE 0.8523 (0.7735, 0.9281) 0.0520 (0.000, 0.1743) 0.0957 (0.0301, 0.2578) 0.035 �10.47 0.03 0.866

AE 0.9063 ( 0.7561, 0.9717 ) 0 0.0937 (0.0283, 0.2440) 0.030 �12.44 — —

CE 0 0.3520 (0.2812, 0.4193) 0.6480 (0.5761, 0.7254) 0.004 0 8.61 0

E 0 0 1 0.173 37.84 14.27 0

Abbreviations: A, additive genetic variance; AIC, Akaike information criterion; anti-HBs, surface antibody to HBV; D, dominant genetic variance; C, common environmental variance; E, random
environmental variance; CI, confidence interval; RMSEA, root mean square error of approximation.
Modeling fitting for ACE, AE and E models: performance of genetic models (n¼172 pairs). Note: anti-HBs were defined as ordinal variable. 0, 1 and 2 for anti-HBsX100, 10–100 and
o10mIU ml�1.

Table 4 Risk factors to poor response to HBV vaccination: univariate

analysisa

Subject characteristics

Normal

response

Poor

response w2/t P-value

n (%) 299 (80.80) 71 (19.19) — —

Han ethnicity, n (%) 265 (88.63) 56 (78.87) 4.75 0.029

Birth weight, kg 2.55±0.44 2.36±0.51 3.2929 0.0005

Apgar score 9.29±0.86 8.52±1.41 5.9229 o0.0001

Gestational age, weeks 36.42±2.20 35.8±1.96 2.165 0.0155

Asphyxia at birth, n (%)b 10 (3.34) 13 (18.31) — o0.0001

Weight gain in first year, kg 6.58±0.91 6.29±0.67 2.48545 0.0067

Brest feeding, months 7.90±1.51 7.21±2.01 3.2237 0.0007

Paternal HBV vaccination, n

(%)

190 (63.55) 56 (78.87) 6.05 0.014

Paternal smoking, n (%)b 205 (68.56) 68 (95.77) — o0.0001

Paternal alcohol consumption,

n (%)

239 (79.93) 67 (94.37) 8.35 0.004

Abbreviation: HBV, hepatitis B virus.
aUnivariate analysis was applied in twins by neglecting within-twin relatedness.
bFisher’s exact test was performed.
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low levels of unfavorable environmental exposures, which may be an
explanation of the higher estimation of the additive genetic
component.

The association between ethnicity and poor vaccine response
indicated by univariate analysis without adjusting within-twin relat-
edness (Table 4) disappeared in multivariate analysis (Table 5). As the
effective sample size was small for the Uygur ethnic group (n¼ 49
subjects), we performed the risk factor analysis in limited extend in
this subgroup by only including the four significant risk factors from
the whole group analysis, showing that only smoking father
and Apgar score remained significant or marginally significant
(OR¼ 12.32, 95% CI: 2.07–73.3 for smoking father and OR¼ 0.42,
95% CI: 0.178–1.006 for Apgar score). There were no significant
ethnic difference in mean birth weight, Apgar score or weight gain
during the first year of life, whereas the rate of smoking father was
higher in the Uygur subjects compared with the Han subjects (95.56%
vs 69.9%, P¼ 0.001). Therefore, there is no sufficient evidence of
ethnic difference between the Han and the Uygur infants in responses
to infant HBV vaccination. Further study with larger sample size is
expected to confirm the ethnic difference in vaccine responses.

Although numerous evidence support that genetic effect have
dominant roles in immune responses to HBsAg, the effect of
unshared environmental factors indicated by previous studies4,11,12

and the current study indicates that prevention of perinatal
unfavorable risk factor may reduce the risk of poor vaccine responses.

The current study has some strength in design. First, high
homogeneity of the phenotype variable—anti-HBs was from study
subjects who received uniform infant HBV vaccination program and
was determined in the qualified examination lab center. Second,
extensive possible perinatal environmental risk factors related to poor
vaccine responses are investigated in this study.

Limited information about paternal cigarette smoking is one
limitation of the study. The amount of smoking is not available from
smokers. The association between smoking father and poor response
to HBV vaccination in infants needs confirmation in future studies.
Although appropriate XTGEE program is used for adjustment of
relatedness of twin subjects, risk factor analysis in unrelated twin
sample is another weakness of the current study.

Combining the above evidence, we conclude that the HBV vaccine
response in infants is dominantly determined by genetic effect by
91%. The four nongenetic risk factors to poor vaccine response
identified in the current study are modifiable by better comprehensive
primary healthcare and prevention. A number of candidate gene

studies and genome-wide association studies6,13–15 suggested
numerous but inconsistent DNA sequence polymorphisms from
human leukocyte antigen family genes and outside human leuko-
cyte antigen family genes; the high heritability of the phenotype
strongly tells the importance of future genetic studies to fully illustrate
the underlying genetic factors that regulate infant HBV vaccine res-
ponses. Before genetic determinants were fully revealed, awareness
and effort from society and individuals are needed to reduce the
population rate of vaccine failure.
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Table 5 Multivariate analysis of determinants from parents and

children to poor response to HBV vaccination in twins

95%

CI

95%

CIIndependent

variables Coding OR Lower Upper P-value

Father smoking 0: Never, 1: occasionally

smoke, 2: smoke every day

4.50 2.52 8.03 o0.0001

Low birth weight 0: no, 1: yes 2.55 1.33 4.87 0.005

Weight gain in

first year, kg

— 0.42 0.28 0.63 o0.0001

Apgar score 0.54 0.40 0.71 o0.0001

Abbreviation: CI, confidence interval; OR, odds ratio; HBV, hepatitis B virus; XTGEE, fit
population-averaged panel-data models by using GEE.
Wald’s w2 (8)¼55, Po0.0001.
XTGEE program was used to adjust within-twin relatedness.
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