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ARTICLE INFO ABSTRACT

Keywords: Background: Despite diphtheria immunization are to apply an effective primary immunization in childhood and
Diphtheria to maintain immunity throughout life. Cases of diphtheria have been reported in Viet Nam in recent years. The
toxoid . aim of this study was to evaluate the seroprevalence of IgG antibodies to diphtheria toxoid among healthy person
antibodies population in Kon Tum, Viet Nam.

?:;)I’Trz;aleﬂce Methods: Blood samples were obtained from 2225 healthy persons aged 2-98 years collected in 2019 and 2020.
Vietnam Samples were tested for diphtheria toxoid antibodies by commercial Anti-Diphtheria Toxoid IgG Enzyme-Linked

Immunosorbent Assay (ELISA).

Results: An antibody level of <0.01 IU/mL (susceptibility) was found in 802 (36.0%) of the 2225 subjects, 136
(6.1%) had antibody levels of 0.01-0.099 IU/mL (basic protection), and 1287 (57.8%) had antibody levels >0.1
IU/mL (full protection). The full protection level increased significantly in persons aged above 60 years with
antibody levels of 70.6%. No significant difference in seroprotection prevalence was found according to gen-
der, ethnicity, residence, education and occupation. The results also demonstrated that people with vaccination
against diphtheria during past 10 years were found to have a high immunity (83.8%) compared to 54.8% (OR: 4.7,
95%CI: 3.8-6.5) and 60.7% (OR: 3.8; 95%CI: 2.6-5.7) in persons with no and unknown vaccination (p <0.0001).
Conclusions: The level of anti-diphtheria toxoid antibodies among children and adults in Kon Tum was low. The

high risk of diphtheria outbreaks may occur among individuals lacking basic immunity against diphtheria.

1. Introduction

Diphtheria is a serious infection disease caused by toxigenic bacte-
ria of Corynebacterium diphtheriae affecting to children and adults in the
world. Mass vaccination programs have been highly successful in reduc-
ing drastically in morbidity and mortality caused by diphtheria. World
Health Organization (WHO) reported a total of 4490 cases of diphthe-
ria worldwide in 2013, mainly in the developing countries (Centers for
Disease Control and Prevention, 2012). Therefore, diphtheria is still
a great public health concerns in many developing countries. During
past years, the diphtheria outbreaks have been reported in Thailand
(Wanlapakorn et al., 2012), Lao PDR (Nanthavong et al., 2015) and Viet-
nam (Kitamura et al., 2020; Murakami et al., 2008). So, it is concern
about outbreaks of these diseases especially in developing countries.
With mass childhood vaccination programs, children are not a high risk
group threatened by diphtheria and recent documented cases are more
common in the adult population (Aue et al., 2003).

In Vietnam, WHO stated that a total of 53 cases of diphtheria re-
ported in Vietnam only in 2019, compared with 13 cases in 2018, 21
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cases in 2017 and 13 cases in 2016 (World Health Organization, 2020).
Kon Tum is one of the provinces of the Central Highlands where the
diphtheria outbreaks occurred in 2020 with 50 confirmed cases, 1 death.
All cases documenting in both children and adults, highest rate of inci-
dence was group aged 6-15 years old (48.0%), followed by 16-25 years
old (24.0%); 26-45 years old (14.0%) and 0-5 years old (12.0%) (un-
published paper).

Vaccination against diphtheria has contributed to a dramatic de-
crease in morbidity and mortality due to this disease. For diphtheria
vaccines, guidelines of the current Expanded Program on Immunization
(EP]) in Vietnam, a primary series of 3 doses with a booster dose at 18
to 24 age months is recommended and then every 10 years, a Tetanus
diphtheria (Td) vaccine booster is recommended for adult to maintain
life-long protection. It is generally agreed that when more than 25%
percent of a diphtheria susceptible population, there is a high risk for
epidemic diphtheria occurring in that community (Plans-Rubi6 et al.,
2012). In order to provide a data on herd immunity and to prevent the
diphtheria outbreaks in future, it is necessary to conduct an investiga-
tion on the immunity levels of the general population and to identify
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and vaccinate the unprotected groups (Damasco et al., 2005). The aim
of this study was to evaluate the immunity to diphtheria in population
in Kon Tum province of the Central Highlands, Vietnam.

2. Materials and methods
2.1. Study design and sampling

In this cross-sectional study during in the period from December
2019 to November 2020. A multi-stage cluster sampling was applied
to randomly select 30 clusters. In the first stage, the number of clusters
were identified by wards/communes of districts according to the pop-
ulation size and using sampling proportional to the probability by size
(PPS). In the second step, the simple random sampling to select seventy-
two households in each selected cluster chosen was performed. Finally,
one person within each household was randomly selected to participate
in the study from all eligible persons in the household using a random
number generator.

2.2. Sample size calculation

The sample size is calculated using single proportion sample size
formula

(724p01-p)

e2

xd

Where n is the sample size under simple random sample assumption;
Za/2 is the statistic corresponding to level of confidence, assumed to
be 1.96 (when « = 0.05); e is precision (3%), p is the expected sero-
prevalence of antibodies against diphtheria among the target popula-
tions (50%), d: design effect of 2. The minimum sample size was 2135.
Subjects were divided into age groups followed as 0-5 years, 6-10 years,
11-20 years, 21-30 years, 31-40 years, 41-50 years, 51— 60 years and
>60 years old. Serum samples were frozen and stored at minus 20°C
during 72 hours prior to transportation to the laboratory of Tay Nguyen
Institute of Hygiene and Epidemiology and stored at minus 80°C until
antibody testing was performed.

2.3. Enzyme-linked assay

IgG antibody levels against diphtheria were determined using com-
mercial anti-diphtheria toxoid enzyme-linked immunosorbent assay
(ELISA) (Euroimmun, Germany). Anti-diphtheria toxoid antibody levels
below 0.01 IU/ml were considered susceptibility, levels of 0.01-0.099
IU/ml were considered to basic protection and levels above 0.1 IU/ml
were considered to full protection against diphtheria (World Health Or-
ganization, 2009).

IgG anti-diphtheria toxoid antibody level was expressed as the geo-
metric mean concentrations (GMC) with 95% confidence interval (95%
CI). For the calculation of GMC, the undetectable values were excluded.

2.4. Ethical approval

This study was approved by the Ethical Committee of Tay Nguyen
Institute of Hygiene and Epidemiology, Vietnam (Approval number:
546/CN-VTN, dated 4™ October 2019). All procedures performed in
studies involving human participants were in accordance with the eth-
ical standards of the institutional and/or national research committee
and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. All participants and their caregivers had
provided written informed consent and assent, as appropriate, prior to
study enrollment.
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2.5. Statistical Analysis

The data are expressed as mean + standard deviation (SD). Preva-
lence rates, geometric mean concentrations (GMCs) and 95% Confi-
dence intervals (CIs) were calculated. The comparisons of participant
characteristics and seroprevalence were performed using Chi-square,
while differences in GMCs of diphtheria toxoid antibodies between
groups were tested for statistical significance by Student’s t-test. Mean
levels of IgG antibodies between the age groups were examined by two-
way ANOVA. A test probability of 5% and two-sided interval was con-
sidered statistically significant. Backward selection was used to iden-
tify risk factors independently associated with antibody levels below
0.01 IU/ml. Determinants (vaccination status, demographic and socio-
economic characteristics) of seroprotection against diphtheria were
analysed with multiple logistic regression. Statistics were performed us-
ing SPSS version 20 (IBM, USA).

3. Results

In total, 2225 sera (733 males and 1492 females) were included in
the study. The age of the study population ranged from 2 to 98 years,
with mean ages of 30.9 (+ 19.1) (Table 1).

In the studied population, 57.8%, 6.1%, and 36.0% of persons had
full, basic, and no diphtheria protection, respectively. No statistically
difference was found between male and female in diphtheria antibodies
level of full, basic and no diphtheria protection and geometric mean con-
centration (GMC) (Table 2). The percentage of diphtheria protected in-
dividuals (>0.01 IU/mL) in various age groups is summarized in Table 3
and Figure 1. Overall, 63.9% (95%CI 62.7-66.6) of the study popu-
lation had antibody levels of >0.01 IU/mL against diphtheria toxoid.
Proportions of protected males (64.2%, 95%CL 60.8-67.7) were sim-
ilar to those of females (63.8%, 95%CI: 62.4-67.2) (p >0.005). The
highest full protection rate was observed in the groups aged >60 years
(70.6%, 95%CI: 63.6-76.8) and the lowest protection percentage was
observed in the groups aged 21-30 years (51.4%, 95%CI: 46.6-56.0).
The figure 1 showed that 63.4% (95%CL: 51.3-73.0) of full protection
for the group aged 0-5 years decreased to 51.4% (95%CI: 46.6-56.0)
for the group aged 21-30 years (p <0.05). The proportion of individu-
als protected against diphtheria increased gradually for individuals aged
30+ years. Thus, 52.9% (95%CI: 48.5-58.8) of individuals aged 31-40
years were regarded as full protected, compared with 56.5% (95%CI:
49.9-62.8), 61.1% (95%CI: 54.3-68.5) and 70.6% (95%CI: 63.6-76.8)
for the groups aged 41-50 years; 51-60 years; and 60+ years, respec-
tively (Table 3). The increases in the proportion of the protected in-
dividuals between the groups aged 40-50 and 51-60 years, and 60+
years, were statistically significant (p <0.05). Individuals with antibody
levels of <0.01 IU/mL (unprotected) against diphtheria toxin comprised
31.7%, 33.5%, 34.8%, 44.1%, 40.5%, 35.1%, 32.1% and 21.8% of the
groups aged 0-5, 6-10, 11-20, 21-30, 31-40, 41-50, 51-60, and 60+
years, respectively (Table 3).

The overall geometric mean antibody concentration (GMC) of diph-
theria toxin antibody for the entire population of 2225 individuals was
0.05 IU/mL (95%CI: 0.04-0.06). GMCs for the groups aged 0-5, 6-10,
11-20, 21-30, 31-40, 41-50, 51-60 and 60+ years were 0.07 (95%CI:
0.03-0.13), 0.10 (95%CIL: 0.06-0.15), 0.06 (95%CIL: 0.04-0.08), 0.04
(95%CI: 0.03-0.05), 0.04 (95%CI: 0.03-0.05), 0.05 (95%CI: 0.04-0.08),
0.06 (95%CL: 0.04-0.09) and 0.11 (95%CIL: 0.07-0.16) IU/mL, respec-
tively (Table 4). There was statistically significant difference in GMC be-
tween age groups of 21-30 and 31-40 compared to 60 + years (p <0.05).

In this study, a statistically significant difference was found between
diphtheria immunity age group, ethnicity, residence, education, occupa-
tion, diphtheria vaccination during last 10 years. In contrast, no signifi-
cant difference was found according to gender, ethnicity, residence, ed-
ucation and occupation (Tables 5 and 6). The highest susceptibility rate
was aged 21-30 years (44.1%) with OR =2.7 (95%CI: 1.5-5.0), followed
by 31-40 years (40.5%) with OR=2.5 (95%CI: 1.5-4.9) compared to
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Table 1
Studied population according to age and sex

Age group (year) Male Female Total Mean age (years) SD of mean age (years)

0-5 37 45 82 3.5 1.2
6-10 125 108 233 8.3 1.4
11-20 208 249 457 14.4 2.8
21-30 96 353 449 25.6 2.6
31-40 96 282 378 35.2 2.8
41-50 54 185 239 45.2 2.9
51-60 54 136 190 55.2 2.9
>60 63 134 197 70.1 7.2
Total 733 1492 2225 30.9 19.1

Table 2
Diphtheria immunity in population
Sample Susceptibility <0.01 IU/ml  Basic protection 0.01-0.1 IU/ml  Full protection >0.1 IU/ml  GMC (IU/ml)  95%CI
Total N % 95%CI N % 95%CI N (%) % 95%CI
Overall 2225 802 36.0 34.0-38.1 136 6.1 5.1-7.2 1287 57.8 55.8-59.9 0.05 0.04-0.06
Male 733 263 35.9 32.6-39.7 43 5.9 4.3-7.8 427 58.3 54.3-61.6 0.05 0.05-0.07
Female 1492 539 36.1 33.5-38.5 93 6.2 5.0-7.6 860 57.6 55.2-60.3 0.05 0.04-0.06
Table 3
Age-specific prevalence of diphtheria immunity
Age groups (years) Susceptibility (<0.01 IU/ml)  Basic protection (0.01-0.1 IU/ml)  Full protection (>0.1 IU/ml)  P-Value*
Total N % 95%CI N % 95%CI N % 95%CI
0-5 82 26 317 21.9-42.9 4 4.9 1.3-12.0 52 63.4 52.0-73.8 <0,001*
6-10 233 78 33.5 27.4-39.9 9 3.8 1.8-7.2 146 62.7 56.1-68.9
11-20 457 159 34.8 30.4-39.4 31 6.8 4.6-9.5 267 58.4 53.7-62.9
21-30 449 198 44.1 39.5-48.8 20 4.5 2.7-6.8 231 51.4 46.7-56.2
31-40 378 153 40.5 35.5-45.6 25 6.6 4.3-9.6 200 52.9 47.7-58.0
41-50 239 84 35.1 29.1-41.5 20 8.4 5.2-12.6 135 56.5 49.9-62.8
51-60 190 61 32.1 25.5-39.2 12 6.3 3.3-10.7 117 61.6 54.3-68.5
>60 197 43 21.8 16.3-28.2 15 7.6 4.3-12.2 139 70.6 63.6-76.8

+ using Pearson Chi-Square
* denote statistical significance
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Fig. 1. Distribution of diphtheria immunity according to age group and gender, as measured by antibodies against diphtheria toxin
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Table 4

The geometric mean concentration (GMC) level according to age groups
Age groups (years) Total GMC (IU/ml)  95%CI P value*
0-5 82 0.07 0.03-0.13 0.474
6-10 233 0.10 0.06-0.15 0.597
11-20 457 0.06 0.04-0.08 0.199
21-30 449 0.04 0.03-0.05 0.011*
31-40 378 0.04 0.03-0.05 0.002*
41-50 239 0.05 0.04-0.08 0.558
51-60 190 0.06 0.04-0.09 0.350
>60 197 0.11 0.07-0.16 Reference

+using Mann-Whitney test
*denote statistical significance

above 60 years; while the lowest rate was aged above 60 years (21.8%)
(p< 0.001). The susceptibility to diphtheria was identified in 30.9% of
urban and 38.6% of rural person (p>0.05). Susceptibility proportion
were detected in 34.0% of the people who were illiteracy, while this rate
was only 16.9% in people who had graduated from college/university
(p>0.05). The highest susceptibility rate was observed among farmers
(39.2%) and self-employed/unemployment (35.9%) compared to other
occupations. Of 2550 participants, 553 of the 660 (83.8%) people in-
formed that they had been vaccinated against diphtheria during past 10
years were found to be immune compared to 54.8% (OR: 4.7; 95%CI:
3.8-6.5) and 60.7% (OR: 3.8; 95%CI: 2.8-5.7) in persons with no and
unknown vaccination (p <0.0001) (Tables 5 and 6).

JID Regions 3 (2022) 171-176
4. Discussion

Diphtheria is well-controlled in countries where have implemented
diphtheria vaccination. However, Vietnam has been affected by diph-
theria outbreaks with 87 cases being reported only in between 2016
and 2019 (World Health Organization, 2020). The number of diphthe-
ria cases and asymptomatic carriers are still remaining as being high
in Vietnam, although the Expanded Program on Immunization (EPI) in
Vietnam started in 1981(Nguyen et al., 2015).

Since 2009, the national vaccine policy for Vietnam has recom-
mended a DPT-VGB-Hib (Diphtheria-Tetanus Toxoids-whole cell Per-
tussis, Hepatitis B and Hemophilus influenzae) vaccine for infants aged
2, 4 and 4 months, a DTP for children aged 18 months to 24 months.
However, the immunity declines over time. World Health Organization
(WHO) recommends people living in low endemic and non-endemic
areas need a booster every 10 years to maintain life-long protection
(Scheifele and Ochnio, 2009). A study reported that adults who has not
yet received any diphtheria dose or had an unknown vaccination his-
tory recommend at least 3 doses of dT or Td to provide a protection
(Ang et al., 2015). In Vietnam, the current EPI has been running a Td
booster dose for individuals who have been vaccinated during child-
hood and then every 10 years. This study further provides evidence for
the importance of adhering to the current recommendations.

Overall, in this study showed that proportion of susceptible per-
sons was 35.3%, it was accordant with seronegative prevalence found
in Lao PDR (Nanthavong et al., 2015), this rate was lower compared
to 74.0% in Nha Trang, Vietnam (Kitamura et al., 2022) and 57,0%

Table 5

Univariate logistic regression analysis of variables for diphtheria immunity
Characteristics Immunity? (n = 1423)  Susceptibility (n = 802) OR (95%CI)  p-Value®
Gender
Male (Ref) 470 (64.1%) 263 (35.9%) - -
Female 953 (63.9%) 539 (36.1%) 1.0 (0.8-1.2) 0.91
Age groups
0-5 56 (68.3%) 26 (31.7%) 1.6 (0.9-2.9) 0.08
6-10 155 (66.5%) 78 (33.5%) 1.8 (1,2-2,8) <0.01
11-20 298 (65.2%) 159 (34.8%) 1.9 (1.3-2.8) <0.01
21-30 251 (55.9%) 198 (44.1%) 2.8 (1.2-4.1) <0.01
31-40 225 (59.5%) 153 (40.5%) 2.4 (1.6-3.6) <0.001
41-50 155 (64.9%) 84 (35.1%) 1.9(1.2-2.9) <0.001
51-60 129 (67.9%) 61 (32.1%) 1.7 1.1-2.7) 0.02
>61 (Ref) 154 (78.2%) 43 (21.8%) - -
Ethnicity
Kinh (Ref) 459 (70.2%) 195 (29.8%) - -
Ba Na 329 (72.3%) 126 (27.7%) 0,9 (0.7-1.2) 0.44
So Dang 322 (59.0%) 224 (41.0%) 1.6 (1.3-2.1) <0.001
Others 313 (54.9%) 257 (45.1%) 1.9 (1.5-2.3) <0.001
Residence
Rural (Ref) 912 (61.4%) 573 (38.6%) - -
Urban 511 (69.1%) 229 (30.9%) 0.7 (0.6-0.9) <0.001
Education
Illiteracy (Ref) 132 (66.0%) 68 (34.0%) - -
No school 59 (66.3%) 30 (33.7%) 1.0 (0.6-1.7) 0.96
Primary school 525 (60.8%) 339 (39.2%) 1,2 (0.9-1.7) 0.17
Secondary school 517 (66.9%) 256 (33.1%) 0.9 (0.7-1.3) 0.81
High school 126 (56.8%) 96 (43.2%) 1.5 (1.0-2.2) 0.52
College/University 64 (83.1%) 13 (16.9%) 0.4 (0.2-0.7) 0.06
Occupation
Farmer/worker (Ref) 784(60.8%) 506 (39.2%) - -
Pupil/Student 460 (67.8%) 218 (32.2%) 0.7 (0.6-0.9) <0.05
Employer 88 (76.5%) 27 (23.5%) 0.5 (0.3-0.7) <0.05
Self-employed/unemployment 91 (64.1%) 51 (35.9%) 0.8 (0.6-1.2) 0.44
History of diphtheria vaccination during last 10 years
Yes (Ref) 553 (83.8%) 107 (16.2%) - -
No 737 (54.8%) 609 (45.2%) 4.3 (3.4-5.4) <0.0001
Unknown 133 (60.7%) 86 (39.3%) 3.3(2.4-4.7) <0.0001

2Immunity: IgG antibody titre against diphtheria toxin > 0.01 IU/mL.
bSusceptibility: IgG titre against diphtheria toxin < 0.01 IU/mL.

¢Chi-Square test
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Table 6
Multiple logistic regression analysis of variables for diphtheria im-
munity®
Characteristics OR (95%CI) 95%CI p-Value®
Age groups
0-5 1.5 0.7-2.6 0.09
6-10 1.6 0.6-2.5 <0.001
11-20 1.8 0.8-3.3 <0.001
21-30 2.7 1.5-5.0 <0.001
31-40 2.5 1.5-4.9 <0.001
41-50 1.8 1.6-4.0 <0.001
51-60 1.6 1.2-3.1 <0.01
>61 (Ref) - - R
Ethnicity
Kinh (Ref) - - R
Ba Na 0.9 0.6-1.3 0.62
So Dang 1.3 0.9-1.8 0.13
Others 1.3 0.9-1.7 0.09
Residence
Rural (Ref) - - -
Urban 0.8 0.6-1.3 0.06
Occupation
Farmer/worker (Ref) - -
Pupil/Student 0.7 0.3-1.1 0.3
Employer 0.6 0.4-1.2 0.5
Self-employed/unemployment 0.9 0.5-1.4 0.4
History of diphtheria vaccination during last 10 years
Yes - - -
No 4.7 3.8-6.5 <0.0001
Unknown 3.8 2.6-5.7 <0.0001

2 Susceptibility: IgG antibody titre against diphtheria toxin < 0.01
IU/mL

b Logistic regression analysis, main effects model. All variables are
listed which attained a statistical significance of p < 0.05

in Malaysia (Yusoff et al., 2021). However, it was much higher com-
pared to only 8.0% in Singapore (Ang et al., 2015) and 17.0% in Thai-
land (Wanlapakorn et al., 2012). This is a great concern as a high
percentage of population with an unprotective level of anti-diphtheria
antibodies creates a high risk for potential diphtheria outbreaks. In
fact, diphtheria outbreaks occurred in Kon Tum province in the pe-
riod of 2019 and 2020 (unpublished paper). This raises questions about
vaccination policy, including both timely immunization and a num-
ber of boosters doses required to protect children and adults. A study
by An et al. (2016) in Vietnam concentrated that proportions of chil-
dren under five who had timely immunization completion were low
and recommended that the EPI should include ‘timely immunization
completion’ as a quality indicator (An et al., 2016). WHO estimated
that a threshold for sufficient herd immunity requires at least immu-
nity rate of 90% in children and 75% in adults (Begg, 1994). Several
studies proved that after primary vaccination against diphtheria, in the
absence of the natural booster, the anti-diphtheria toxoid antibody con-
centration decreased continuously after 15 years (Kjeldsen et al., 1985;
Kjeldsen et al., 1988). It was general agreed that 25 years after primary
vaccination, over 20% of vaccinated people would be unprotected to
disease due to without the protective immunity. It is noted that from
25% susceptible subjects in a population is sufficient for the spread of
infection.

The seroprotection rates in some age groups in our study were lower
than protective threshold, especially among those aged 21-30 years and
the 31-40 years. The 67.4% frequency of protected individuals aged 0-
11 years decreased to 56.6% and 61.3% among age groups of 21-30
years and 31-40 years; respectively. These results demonstrate that the
majority of elderly groups are unprotected to diphtheria and suggest that
arecrudescence of the disease would involve almost entirely persons. In
2016, our pilot study examined in persons aged 6-25 years in a small
district of Kon Tum Le showed that 47.5% subjects were unprotective to
diphtheria (Be et al., 2017). 10.5% of children in India were nonimmune
to diphtheria. This low population-level immunity possibly reflects in-
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complete coverage of diphtheria vaccination, especially booster doses,
and a decline in acquired immunity by primary and booster vaccination
(Murhekar et al., 2021). The other studies reported a higher incidence of
diphtheria in adults than young people, suggesting that the immunolog-
ical memory declines with age (Golaz et al., 2000; Gower et al., 2020;
Kjeldsen et al., 1988 and Yusoff et al., 2021). Aue et al. showed that
66.4% of blood donors in Germany were not immune against diphthe-
ria (Aue et al., 2003). This study also showed the increased frequency
of immune individuals among elderly adults (>51-year-olds). It is prob-
ably associated with the fact that natural immunity of C. diphtheriae
occurs throughout life (Galazka, 2000). Other studies indicated that el-
derly people (>60 years) were less likely to appear susceptible than the
middle-aged (Ang et al., 2015; Wanlapakorn et al., 2012). The obtained
results in the agreement with previous studies (Mohammed et al., 2018;
Skogen et al., 2000). In Kon Tum, the Expanded Program on Immuniza-
tion (EPI) only started in 1985. Therefore, people over 60 years of age
have been unvaccinated against diphtheria. Moreover, diphtheria out-
breaks reported occasionally in Kon Tum during the period 1990-2020.
It is probably associated with that the elderly persons have developed
their natural immunity to diphtheria during past epidemic. However,
our finding is contrast to studies conducted in European countries where
showed the level of antibodies to diphtheria toxin decreases significantly
in persons above 40 years old (Aue et al., 2003; Di Giovine et al., 2013;
Edmunds et al., 2000), reaching more than 67% of seronegative individ-
uals (Di Giovine et al., 2013; Edmunds et al., 2000; Pachon et al., 2002;
Zasada et al., 2013).

The risk of a diphtheria outbreaks could occur when there is a com-
bination of low vaccination coverage in childhood and an immunity gap
in the adult population (Dittmann et al., 2000; Galazka, 2000). In this
study showing only 67.4% children aged 0-10 years had protective im-
munity. A low proportion of children without protective immunity was
also identified in Laos (Nanthavong et al., 2015) and Czech (Di Giovine
et al., 2013). These data provide the evidence that basic immunization
without booster doses may result in insufficient protection among chil-
dren. In addition, asymptomatic carrier continues to put on a threat to
susceptible children and adults (Ang et al., 2015). It is clearly impor-
tant that booster doses should be implemented in providing protective
antibody level against diphtheria.

Our study showed no statistical significant difference among men
and women in protective immunity against diphtheria, this result is ac-
cordance with other study (Galazka, 2000), and in contrast to others
(de Melker et al., 1999; Kjeldsen et al., 1988). Some countries observed
males had the higher protective immunity than females. This could be
explained that males in those countries had been vaccinated against
diphtheria in military services (Aue et al., 2003; de Melker et al., 1999;
Mossong et al., 2006).

In Vietnam, Ministry of Health recommends booster doses every
10 years in adults. Kon Tum is one of the mountainous and remote
provinces of the Central Highlands of Vietnam. Difficult access to the
villages, districts can explain difficulties related to monitor and vacci-
nate target populations (both children and adults) for diphtheria booster
vaccination.

In our study, a significant difference in immunity to diphtheria were
observed among different age group, ethnicity, education, occupation,
diphtheria vaccination during last 10 years (p <0.05). These results
were in accordant with the study conducted in Germany (Volzkea et al.,
2006). In addition, the immunity proportion was significantly lower in
people living in rural when compared to those living in urban areas, it
was in contrast to other study in Turkey (Cavus et al., 2007). It is possible
to be a difficulty access to vaccination services in rural areas. This study
also showed that no significant difference was observed according to
gender, ethnicity, residence, education and occupation. There are lim-
itations in our study. Firstly, we excluded known immunocompromised
persons from participating in the study, this may result in underesti-
mation of the susceptible proportion. We used ELISA for quantitating
anti-diphtheria toxoid antibody level instead of in vitro toxin neutraliza-



T.V. Le, V.T.T. Nguyen, Q.H. Nguyen et al.

tion Vero cell assay, which is the standard method. Vero cell assay was
not performed due to cost and laboratory capacities constraint. Consid-
ering the large sample size and time constraint, the ELISA method was
employed. Secondly, we assessed the validity of parental recall by child-
hood vaccination card-based data were the reference, but these data are
sometimes incomplete or inaccurate. Lastly, the history of diphtheria
vaccination of older children and adults was not validated due to vac-
cination records are not available, therefore, the recall bias might be
large.

In conclusion, this study revealed an unsatisfactory level of protec-
tive immunity to diphtheria among children and adults in Kon Tum pop-
ulation, exclusion of individuals aged >50 years creates the high risk of
diphtheria outbreaks. Active immunization remains the most important
way of prevention of potential diphtheria outbreaks. Administration of
a booster dose of vaccine against diphtheria for adults every 10 years
should be recommended.
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