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The role of zinc supplementation in humoral immune 
response to hepatitis B vaccination in infants: 

a double-blind randomized placebo-controlled trial
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Abstract
Background

which can impair antibody production. Zinc supplementation can 
improve immune function and reduce morbidity.
Objective To assess the effect of zinc supplementation on infants’ 
anti-HBs titer after hepatitis B vaccination. 
Methods A double-blind randomized control trial of 66 healthy 

were followed from birth to three months of age and were placed 
into two treatment groups using block randomization. One group 
received zinc supplements with a standard hepatitis B vaccination 

three months. The difference in levels of anti-HBs titer between the 
zinc and placebo groups was the primary endpoint of this study.  
ResultsThe serum zinc levels were significantly higher in the zinc 

significantly higher in the zinc group compared to the placebo 

supplementation was the only variable that influenced anti-HBs

Conclusion
receiving zinc supplements along with standard hepatitis B
vaccination have significantly higher levels of anti-HBs titers 
than infants receiving hepatitis B vaccination without zinc 
supplements.[Paediatr Indones. 2008;48:374-80].
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Sessential human micronutrient has been 

deficiency has been linked to growth delay 
and increased morbidity and mortality from infectious 
disease due to impaired immune system development 
in infants and children.
mothers world-wide are likely to have inadequate zinc 
intake.3

4

clinical symptoms associated with zinc deficiency 

preterm infants.
Insufficient dietary zinc intake can lead to 

impaired immune function due to depressed thymus 

decreasing antibodies due to impaired T dependent 
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B-cell activation.6 Zinc supplementation is not only a 
treatment for malnourished or zinc deficient children. 

are susceptible to zinc deficiency (e.g. infants aged 

supplementation can also be beneficial.
Vaccination is used to induce the production of 

sensitive to a specific antigen. This process can be 
disturbed if zinc intake is suboptimal or deficient.8

longer immune protection. 

a technique involving Depnasar was developed and 
can be used to measure hepatitis B antibody (anti-
HBs) titers. The aim of this study is to investigate 
the effect of oral zinc supplementation on antibody 
titer after standard hepatitis B (HB) vaccinations in  
healthy infants.

Methods

Design and subjects

This was a double-blind randomized placebo-

consecutively from all healthy babies born at 

met the inclusion criteria. The study received ethical 
clearance from the Ethics Commitee of Udayana 

parents of all subjects also gave informed consent. 
Infants with a major congenital defect or a mother 

or a history of blood transfusion in the last three 
months were excluded. The subjects were assigned 
by means of block randomization to either receive 
zinc or placebo.

Definition of variables

Zinc status was determined based on serum zinc 
level. Zinc deficiency was defined as a serum zinc 

infants and preschool-aged children.  The immune 
response to HB vaccination was determined by 
measurement of the anti-HBs titer a month after 
HB vaccination was completed. HB vaccination was 
given according to a standard vaccination protocol 
for public health centers. The length of an episode 
of diarrhea was measured from the first occurrence 
of diarrhea until recovery. The frequency of episodes 
of diarrhea was counted as the number of diarrhea 
episodes experienced during the study. Subjects 
were deemed compliant if the medicines were not 
taken less than or equal to seven days on successive 

on nonsuccesive days in one month. Subjects were 
deemed as noncompliant if the medicines were not 
taken more than seven days on succesive days in 

days in one month. The type of oral nutrition the 
infant received during the study period was classified 
as either exclusive breastfeeding or nonexclusive 
breastfeeding. 

Data collection

from subjects’ medical charts and were recorded using 
a standardized questionnaire.

Sample size

the zinc and placebo groups. Due to the absence 

samples and a pooled standard deviation for the anti 
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Randomization

Subjects were allocated using a block randomization 
method (six patients per block). Assignments were 

after the study ended.

Interventions

Oral zinc supplementation or placebo was administered 
soon after subjects were allowed oral intake. The 

group received placebo (saccharum lactis) powder 

and aroma of the zinc sulfate and placebo powders 
were identical. The raw materials were purchased 

Installation of Sanglah Hospital Denpasar. The 
packaging of zinc and placebo were coded A or B

opened after the study was completed. The officer in 

about the contents of each package. If the subject 

the medicine was re-administered. 

Laboratory measurement

An initial blood specimen for baseline serum zinc level 

levels and anti-HBs titers was collected during a home 
visit. Measurements of serum zinc levels and anti-HBs

zinc measurements were done using a colorimetric 

titer were measured using the Micro particle Enzyme
Immunoassay (MEIA) method with reagents from 

Follow-up

and side effects was recorded in participants’ medical 

charts by a health worker during weekly home 

excluded from the study if subject had a severe illness 

could not be found during visitation.

Statistical analysis

Smirnov test. Independent sample t-tests were used 

episodes between the two groups. The effects of 

performed a multivariate analysis (ANCOVA) to 
determine if there were any confounding factors that 
may have influenced anti-HBs response.

Results

and 33 in the placebo group (Figure 1).
The subject characteristics of infants in the zinc 

and placebo groups are shown in Table 1. The increase 
in body weight was significantly higher in the zinc group 

were still exclusively breastfed. 

(seven babies in the placebo group and one baby in 
the zinc group) exhibited zinc deficiency (data not 
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shown). The serum zinc concentration increased in 

we found a significant difference between babies in 

Figure 2). Because there was an insufficient 

subgroup analysis was not conducted.

Table 1. Subject characteristics 

Characteristics
Zinc

Group
(n=33)

Placebo
Group
(n=33)

Sex; male, n(%)
Birth weight (g); mean (SD) 
Present weight (g); mean (SD) 
Age at the time of vaccination 
       Hepatitis B1 (day), mean (SD) 
       Hepatitis B2 (day), mean (SD)
       Hepatitis B3 (day), mean (SD)
Initial zinc level; normal, n(%)
The end zinc level; normal, n(%)
Anti-Hbs  production response 
       High responder, n(%)
       Good responder, n(%)
       Low responder, n(%)
       Non responder, n(%)
Nutrition; exclusive breastfeeding, n(%)
Episode of diarrhea (time), mean (SD)
Compliance, n(%)

12 (36.4)
3106.1
(381.6)
6533.3
(477.7)

1.3 (0.54)
30.0 (1.73)
60.4 (2.32)
31 (93.9)
32 (97.0)
9 (27.3)

23 (69.7)
0

1 (3.0)
21 (63.6)
0.3 (0.8)
32 (97.0)

17 (51.5)
3131.8
(304.9)
5760.6
(416.8)

1.1 (0.77)
30.2 (1.73)
60.6 (1.71)
31 (93.9)
26 (78.8)

1(3.0)
9 (27.3)

14 (42.4)
9 (15.2)

15 (45.5)
1.3 (2.0)
29 (87.9)

SD = Standard Deviation; n = sample size

Figure 1. The study results

Babies born in Pustu Dauh Puri Puskesmas 
II Denpasar Barat during December 2005 

-May 2006 period = 342 babies

71 babies 
were included

Randomization
66 babies

Babies who were excluded:
- 4 babies with maternal history 

of jaundice
- 1 baby with labiopalatoshcizis

Randomization Block

Final analysis 
n= 33

Placebo
n=33

Drop out n = 3 
(1 blood extraction 
refusal, 2 unknown 

address)

Drop out n =1
(blood extraction 

refusal)

Zinc (ZnSO4)
n= 33

Final analysis
n= 33

Figure 2. Mean serum zinc level in the two groups
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higher in infants in the zinc group compared to those 

Figure 3).
The associations of several confounding factors 

that may have influenced anti-HBs titers are shown in 
Table 2. No side effects were reported in this study.

Discussion

tation increases nonspecific immune system and 
cellular immune responses.
the role of zinc supplementation in the humoral 
immune response after vaccination in infants has not 
been reported. Several studies have been conducted 
looking at the role of zinc supplementation in 
the adult humoral immune response; albeit with 

controversial results. In a cohort of patients receiving 
14 found that there was 

no significant difference in the antibody response 
to a multivalent influenza vaccine between patients 
receiving zinc supplementation and those receiving 

researchers found that zinc supplementation did not 
lead to an enhanced antibody response after HB
revaccination.  found that zinc increased 
the intestinal antitoxin immune response in patients 
receiving oral cholera toxoid vaccination. A recent 
study from the United States concluded that zinc 
supplementation had no effect on antibody responses 
after pneumococcal conjugate vaccination in HIV 
positive adult patients.16

anti-HBs mean titer was significantly higher in the zinc 

compare this result with other studies since there is no 
other report regarding the role of zinc supplementation 
in antibody response to vaccination in the first three 
months of life. This result strengthens the opinion 
that zinc supplementation can increase the humoral 

 though there 
are several reports that zinc supplementation does not 
have a significant effect.  These prior reports have 

subjects in these studies have passed the highest growth 
acceleration period.8 Zinc deficiency during this time 
may delay B lymphocyte responses due to impairment of 
B lymphocyte mitogen and plaque-forming responses.13

early effective intervention for zinc deficiency is needed 
to decrease morbidity in susceptible children.

Bhandari  reported that zinc supplementation 
has beneficial effects as a preventive measure in children 
with normal serum levels. Zinc supplementation 
reduced mortality and morbidity rate due to various 

babies and preschool children in developing countries 
be fortified with zinc. 

deficiency in both the zinc and placebo groups.  By the 

Table 2. The relationship between certain variable and anti HBs 
titer

Variable F P
Compliance 1.271 0.26

Nutrition 2.682 0.10

Diarrhea episode 0.047 0.83

Initial serum zinc level 1.582 0.21

Zinc supplementation 29.149 <0.0001

F = ANCOVA statistical value; P = probability

Figure 3.
tation
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and seven infants (placebo group) with low serum zinc 
levels. Zinc supplementation led to significantly higher 
zinc levels in the zinc group compared to the placebo 

were still breastfed exclusively until the end of this 

by Dijkhuizen4

of lactating mothers were zinc deficient. Lactating 
mothers with low serum zinc levels also have low 

zinc deficiency in the infants.  Since the number 
of subjects with zinc deficiency were quite small in 

to compare differences in outcomes between babies 
with normal and low serum zinc levels. Several studies 
have reported that zinc supplementation can increase 
growth and development in infants and children.

 The results of our study corroborate the findings 

significantly higher in the zinc group compared to 
placebo group. 

Side effects with zinc supplementation have 
not been reported in most studies.  No side 

effects of zinc supplementation may occur at very 
high doses.  The cause of side effects with zinc 
supplementation may be due to the zinc molecule’s 

amino acids.13

Four subjects were excluded for reasons un-
related to zinc supplementation. Two babies were 
excluded because parents refused blood tests by the 

intention-to-treat analysis was performed on the 
final data.  

The effect of maternal zinc level on infant 
antibody response remains controversial. A study in 
Ecuador showed that there was no proof that zinc plays 
a role in antibody transfer from mother to her infant. 
Others studies suggest that zinc supplementation in 
pregnant women might produce a higher antibody titer 
in her baby.1 Due to the limitation of resources we did 
not measure anti-HBs and HBs-Ag titer for babies and 
mothers at baseline. The antibody production response 
would be clearer if pre- and post-supplementation 
studies or repeated measurements were done. Due to 

all results could be presented with an absolute number. 

approach if the measurement value result was less than 
or exceeded the measurement tool capacity. 

in the zinc supplementation group was higher than in 

zinc supplementation at the levels used had no side 
effects.
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