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Abstract

Objective: This study aimed to evaluate the antibody responses in two adult age groups after
diphtheria vaccination.

Study Design: An observational analytic study was carried out to determine the difference in
serum titer of anti-diphtheria antibody.

Methods: Serum antibody titers were measured just before and 3 months after injection of
Diphtheria toxoid vaccine. Vaccine was given to two adult age groups of health care
personnel in hospital: the young (< 40 years) and the middle-aged (> 40 years). Data were
analyzed using the Mann-Whitney test (p < 0.05).

Results: Significant increase in serum anti-diphtheria antibody titers were recorded after
vaccination in both age group (p < 0.001 in young adult and p = 0.001 in middle-aged adult,
respectively). There were no substantial differences between the two groups in terms of
antibody titer before vaccination (p = 0.741), 3 months after vaccination (p = 0.317) and in
the increase of antibody titer (p = 0.479).

Conclusions: This study showed that there was no significant difference in the increase of
anti-diphtheria antibody titers between the two age groups, proving that both young and
middle-aged adults had an equal immune response to a given diphtheria vaccine.
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Introduction

The process of aging is a physiological change that develops with age and leads to a
progressive decline in all bodily functions. This process is influenced by the interaction of
dynamic genetic and environmental factors [1, 2]. Immunosenescence or a decline in immune
function in aging population is characterized by high susceptibility to infection, high
incidence of malignancy and autoimmune diseases, and low antibody response to vaccination
[3-5]. Low antibody responses has been reported in several studies of vaccinations against
influenza [6], pneumococcus [7], hepatitis A [8], herpes zoster [9], yellow fever [10], tick-
borne encephalitis, tetanus, pertussis and diphtheria [11, 12]. The immunosenescence
processes in human include decreased ability of neutrophil and macrophage for phagocytosis,
decreased oxidative bursts, decreased antigen-presenting cells (APCs) function, and changes
in cytokine and chemokine secretion. In terms of adaptive immune function deterioration,
there were decreased naive T and B cells numbers, changes in T cell receptor (TCR)
expression, as well as decreased ability of B cells to carry out antibody class switch
recombination (CSR), and antibody production [13-15].

There was a diphtheria outbreak in Indonesia in 2017 [16]. Factors contributing to the
outbreak include low infant immunization rate and booster coverage, low socioeconomic
status, and many vulnerable adults as it’s been more than 10 years since they got their last
immunization [17]. One of the countermeasures that are recommended by the Ministry of
Health of the Republic of Indonesia is the implementation of Outbreak Response
Immunization (ORI) against diphtheria using Jerap Td vaccine produced by Biofarma Ltd,
Indonesia (production code: 044316)[18]. To date, there are no data on differences in
antibody responses to diphtheria ORI (Jerap Td) vaccination between the young and old age
groups in Indonesia. Health care workers have a greater risk of contracting diphtheria than
the general population because they have to take care of the patients who are hospitalized and
are directly exposed to the source of infection. That is why WHO and the Indonesian
government recommended that all health care workers (especially those caring for diphtheria
patients) to get diptheria vaccination in the ORI program. The aim of this study was to
measure and to compare the anti-diphtheria antibody titers between groups of young and
middle-aged health care workers at hospital in Surabaya, Indonesia who participated in the
diphtheria ORI program.

Methods
This is an observational analytic study. The inclusion criteria include health care workers
aged 18-64 years old, receiving diphtheria vaccination in the ORI program, willing to
participate in the study, and agreeing to sign the informed consent. Exclusion criteria include
had diabetes mellitus, HIV infection, currenty or had a history of using corticosteroids within
1 month prior to participating in this study, and had received a diphtheria booster vaccine in
the last 10 years. Based on the susceptibility to diphtheria in previous study [19], participants
were then divided into two groups, namely those who aged under 40 years (representing the
young adult group), and those aged 40-64 years (representing the middle-aged adult group).
Using “Sample Size Determination in Health Studies” software version 2.0.21 (World Health
Organization, Geneva, USA) and two population means data from Carson et al [20], in order
to detect a difference of post vaccination anti-diphtheria antibody titers between the two age
groups with an alpha of 0.05 and a power of 80%, we needed a minimum of 11 participants
in each group. In our Internal Medicine department, there were 45 residents and 30 senior
staff, but only 22 residents and 18 senior staff were willing to participate in this study.
Response to the vaccination can be measured by in vivo or in vitro methods. The in vivo
method is the gold standard, which measures the ability of antibodies to neutralize diphtheria
toxin in experimental animals[21], but this method is very expensive. In vitro measurement
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methods include toxin binding inhibition assay (ToBI), ELISA, haemagglutination assay, and
Vero cell testing. ToBI and ELISA measure toxin-specific antibodies in total but do not
distinguish between neutralizing and non-neutralizing antibodies. Vero cell assay (VCA) has
a high degree of correlation with the in vivo biological assay and is therefore recommended
by WHO as an alternative to the in vivo assay method [21, 22]. We use the VCA method in
this study. Blood was withdrawn from study participants before and 3 months after Jerap Td
vaccination and sent to Laboratory Center for determination of IgG anti-diphtheria toxin
antibody titers. Measurement were done using a standardized and calibrated instrument, and
titers were expressed in [U/mL.

Specific antibody titers greater than 0.1 [U/mL are considered protective against tetanus
or diphtheria, levels above 1.0 IU/mL are considered a sign of long-term protection, while
titer of 0.01 IU/mL is considered as partial protection [23].

The normality of data distribution was assessed using Shapiro Wilk test. The Mann-
Whitney test was used to determine the difference (delta) between two variables that were not
normally distributed. Data were analyzed using the SPSS program for Windows version 23.0
(SPSS Inc., Chicago, IL, USA). This study was ethically approved by Health Research Ethics
Committee of Hospital (0008/KEPK/1/2018).

Results

From January to July 2018, a total of 40 participants were willing to take part in this study
and meet the inclusion and exclusion criteria. Twenty two participants were included in the
young adult group category (aged < 40 years), while 18 others were in the middle age adult
group (aged > 40-64 years). The median age of the young adult group was 31 years (ranged:
26-39 years), while the median age of the middle-aged adult group was 46 years (ranged: 40-
64 years). We also tried to analyze the potential differences by grouping the participants into
4 groups of 10 year age band (i.e. < 30 years, 31-40 years, 41-50 years, and > 50 years).
However, because we did not detect any significant differences in antibody titers between
groups (data not shown), we prefer to use groupings based on the result of previous study by
Volzke et al [23], i.e. using a cut-off age of 40 years. General characteristics of the study
participants can be seen in Table 1. There were 21 participants (96%) from the young adult
group who had been exposed to diphtheria patients when they were on duty, while only 7
participants (39%) of the middle-aged adult group exprerienced the same circumstance.
Nineteen participants (86%) from the young adult group and 14 participants (79%) from the
middle-aged adult group had received the diphtheria vaccine in the past.

Table 1. General characteristics of study subjects

Young adults Middle-aged adults
Characteristics (<40 years old) (>40 years old)
n=22 n=18

Age (years)

Median (Min - Max) 31 (26-39) 46 (40-64)
Gender

Male (%) 11 (50%) 10 (56%)

Female (%) 11 (50%) 8 (44%)
Exposure to diphtheria patients

Ever (%) 21 (96%) 7 (39%)

Never (%) 1 (4%) 11 (61%)
Previous diphtheria vaccination

Yes (%) 19 (86%) 14 (79%)

No (%) 3 (14%) 4 (21%)

Min = minimum; Max = Maximum.
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The data of IgG anti-diphtheria antibody titers showed an abnormal distribution. The
median value of anti-diphtheria antibody titers before vaccination was 0.128 IU/mL (IQR
0.612 IU/mL) in the young adult group and 0.256 IU/mL (IQR 2.032 IU/mL) in the middle-
aged adult group. The median value of anti-diphtheria antibody titers 3 months after
vaccination was 4.096 IU/mL (IQR 4.683 IU/mL) in the young adult group and 3.072 IU/mL
(IQR 3.840 IU/mL) in the middle-aged adult group. So far no correlation was found between
age and antibody titers (p > 0.05, Spearman correlation), and the rise in antibody titers (p =
0.368, Wilcoxon Signed Ranks test; both data were not shown). Figure 1 and 2 showed that
there were no significant difference between the two groups in terms of anti-diphtheria
antibody titer before or 3 months after vaccination (p = 0.741 and p = 0.317, respectively).
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Figure 1. Anti-diphtheria antibody titers before vaccination in the young and the middle-aged
adults.
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Figure 2. Anti-diphtheria antibody titers 3 months after vaccination in the young and the
middle-aged adults.

Diphtheria vaccination with Jerap Td vaccine induced a significant increase in anti-
diphtheria antibody titers both in young and middle-aged adult group (p <0.001 and p =
0.001, respectively) as can be seen in Figure 3.
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Figure 3. Comparative increase in anti-diphtheria antibody titers after vaccination in the
young and the middle-aged adults
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Comparative tests for the differences of anti-diphtheria antibody titers between groups
are listed in Table 2. Table 3 shows pre and post vaccination anti-diphtheria antibody titers in
the young and the middle-aged adult groups based on levels of protection. Jerap Td
vaccination induced a significant increase in anti-diphtheria antibody titers in both age group.
The magnitude of the increase in antibody titer measured before and after vaccination (delta =
A) also did not show a significant difference betwen the two groups (p = 0.479; Mann-
Whitney test), suggesting that both young adult and middle-aged adult group had an equal
response to the vaccine.

Table 2. Comparison of anti-diphtheria antibody titers before and 3 months after vaccination
in the young and the middle-aged adult groups
Young adults Middle-aged adults
Vaccine (<40 years old) (>40 years old) P
n=22 n=18

Anti-diphtheria antibody titers

before vaccination [Median, (833) ((2)(2)33) 0.741"
(IQR), in IU/mL] ’ '

Anti-diphtheria antibody titers

after vaccination [Median, (IQR), (jgzg) (23471(2)) 0.317"
in [U/mL] ) '

Delta anti-diphtheria antibody

titers before and after vaccination 1.850 1.536 0.479"

(3.720) (3.624)

[Median, (IQR), in IU/mL]

* Mann-Whitney test for data with abnormal distribution.

Table 3. Pre and post vaccination anti-diphtheria antibody titers in the young and the middle-
aged adult groups based on levels of protection

Young adults Middle-aged adults

f::gb gggrzteef:ggﬂ (<40 years old) (240 years old) p
n (%) n (%)

Pre vaccination

< 0.1 IU/mL low or partial protection 10 (45.45%) 7 (38.88%) 0.424"
0.1 - 1.0IU/mL substantial protection 7 (31.81%) 4 (22.24%)

> 1.0 IU/mL long-term protection 5 (22.74%) 7 (38.88%)

Post vaccination

< 0.1 IU/mL low or partial protection 1 (4.54%) 2 (11.10%) 0.612"
0.1 - 1.0 IU/mL substantial protection 5 (22.74%) 4 (22.24%)

> 1.0 IU/mL long-term protection 16 (72.72%) 12 (66.66%)

* Comparison between groups, Mann-Withney test

Discussions

When the diphtheria outbreak strike in Indonesia in 2017 and the Indonesian government
responded by giving the ORI using Jerap Td vaccine (not only for high risk groups of the
population but also for the health care personnel), we had the rare opportunity to compare the
difference in diphtheria vaccine response between the young and the middle-aged adults. The
human immune system undergoes characteristic changes, declines in function with advancing
age, which termed immunosenescesnce [3]. This leads to an increased susceptibility to
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infection and associated with increased morbidity [4, 5]. Immunesenescence also has
implications for vaccination programs. There is clear evidence that the decline in innate and
adaptive immunity results in dramatically reduced vaccine responses and vaccine longevity in
older adults. This phenomenon can be seen in many studies [6-11]. Based on the
susceptibility to diphtheria in a previous study [19], we used 40 year of age as a cut-off point
between young and middle-aged adults.

While there is a wide consensus that immune dysfunction occurs in old age, it is still
not known at what age the immune system start to decline. Regarding the response to the
vaccine, various conditions suggest different starting age for the decline in antibody titers
after vaccination. Hainz et al. evaluated specific antibodies for tetanus toxoid or tick-borne
encephalitis (TBE) virus in 734 adults (aged 18-93 years) and their relationship to the time
point of the last vaccination against tetanus or TBE and the age. It appears that the declined
immune response to vaccine was set at the age of 40 years in the case of tetanus and was
observed right throughout adult life in the case of TBE [24]. Murphy et al found that
immunity to diphtheria vaccine was lower than immunity to tetanus vaccine. From the data of
the United States national population-based serosurvey that was conducted during 1988-1994
evaluating the prevalence of immunity to diphtheria among woman, he reported that the
prevalence of immunity to diphtheria was also decreasing with age, being 77% among
women aged 12-19 years, 74% among women aged 20-29 years, 65% among women aged
30-39 years, and drastically decreased to <45% among women aged >40 years [25].

Other studies seem to explain the findings of Hainz et al [24] and Murphy et al[25], and
indirectly support our decision to use 40 years of age as a cut-off point for age groups. Hakim
et al [26] had assessed the role of thymic function after autologous transplant in adults in a
long-term single cohort study. They concluded that the frequency of effective renewal of
thymopoiesis declines significantly in patients over 40 years of age. Thus, the reduced thymic
output together with a life-long exposure to antigens leads to a shrinkage of the naive T-cell
pool in elderly persons [27, 28], which eventually lead to decreased B-cell help by T-cell, and
decreased antibody production in response to vaccination [29, 30].

Our study yielded some findings. Firstly, 86% of the young adults and 79% of the
middle-aged adults had received primary immunization in the past. This finding can be
explained by the fact that annual mass vaccination programs such as in National
Immunization Week (Pekan Imunisasi Nasional) in Indonesia have only been carried out
routinely since the early 1990s. That is why more young adults get primary immunization. In
this regard, Indonesia is a bit late compared to neiboring countries such as Korea [31] or
India [32].

Secondly, although there was no significant difference, the middle-aged group had
slightly lower titers of anti-diphtheria antibody before re-vaccination with ORI compared to
the young adult group. Previous research by Launay et al, has found significant differences in
anti-diphtheria toxin antibodies across age [33]. It is understandable that the levels of
antibody do decrease over time since the last vaccination. Memory T cells are very important
in maintaining the protective immunity and response to vaccination. It is stated that memory
T cells generated from more aged naive T cells do survive and persist well in vivo but there
are markedly defective in their proliferation and ability to secret cytokines during recall
responses. On the contrary, memory T cells generated in younger individuals retain function
for an extended period of time as their host ages [34]. Anyhow, both adult groups in our
study still had long-term protective levels of anti-diphtheria antibody (above 1.0 IU/mL)
years after the primary immunization.

Re-vaccination after primary vaccination induced higher levels of anti-diphtheria
antibody than primary vaccination alone. Older adults usually need more doses or schedules
of vaccination to reach titers similar to those achieved in the younger group [35]. It proved
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not to be case in our study, as both young and middle-aged groups experienced a significant
increase in anti-diphtheria antibody titers 3 months after vaccination. There was no
significant difference between the two groups. These findings can be explained by the median
value of the age of both groups, being 31 years in the young adult group and 46 years in the
middle-aged adult group. Both of them were still below 50 years, and their thymus glands
were considered as yet undergone complete involution [36, 37]. The increase in anti-
diphtheria antibody titers after vaccination in young and middle-aged adults in our study is
consistent with the results of Grasse et al, who also reported increased antibody titer up to
93% after vaccination in young and older adults [38].

Conclusion

Diphtheria vaccination with the Jerap Td vaccine has been shown to significantly increase
antibody titers in both young and middle-aged adult groups. Before vaccination, individuals
in the middle-aged adult group had slightly lower (but non-significant) anti-diphtheria
antibody titers (resulted from previous primary vaccination in the past). There were no
significant differences in terms of post-vaccination antibody titers and the rise in antibody
titers in both age groups, suggeting that the young and the middle-aged adults have an equal
immune response to the particular diphtheria vaccine.
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