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Abstract

Bordetella pertussis infection is a highly contagious respiratory disease that can cause
complications such as pneumonia and death. A total of 62,646 cases of pertussis world-
wide were reported by WHO in 2022. This study aimed to obtain the pertussis seropreva-
lence and sociodemographic data in children aged 1—14 years and its association factors
in the community based on Riskesdas 2013 and 2018. Bivariate and multivariate analysis
was carried out on data from 12,753 children aged 1-14 years collected from Riskesdas
2013 and 2018 in Indonesia. Pertussis serology data was obtained based on the results
of the ELISA examination which was categorized as seropositive if anti-pertussis toxin
IgG > 100 IU/mL or anti-pertussis IgG > 11 NTU. Pertussis seropositive indicated recent
pertussis infection if no pertussis vaccine was received within the last twelve months. Per-
tussis seroprevalence was found at 9.8% and 33.4% in Riskesdas 2013 and 2018 respec-
tively. While 10.1% of children aged 5—14 years were found pertussis seropositive by
excluding the possible effect of vaccination in the last twelve months in Riskesdas 2013.
The most important associated factor in seropositive pertussis at ages 1-4 years and
5—-14 years was a history of pneumonia in the last month (OR =2.709, 95%ClI: 2.592—
2.831 in Riskesdas 2013 and OR =2.421, 95%CI: 2.299-2.550 in Riskesdas 2018). In
the adjusted analysis for respondents’ characteristics, low maternal education was the
predictive factor that most influenced pertussis seropositivity, especially in the 2013 Ris-
kesdas (APOR = 2.983, 95%ClI: 2.670-3.333). In conclusion, the results of this study
showed that the seroprevalence of pertussis was high, especially in children aged 5-14
years, so that pertussis vaccine booster administration could be considered. Because the
most influencing factor towards pertussis seropositive was low maternal education, the
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groups of children with low-educated mothers should be targets for strengthening com-
plete vaccination coverage and disease control.

Introduction

Pertussis is caused by Bordetella pertussis, also known as whooping cough, which is a highly
contagious respiratory ailment [1]. Symptoms usually develop 7 to 10 days after infection.
They include a mild fever, runny nose, and cough, which in most cases progresses to a hacking
cough followed by whooping (hence the common name whooping cough). Pneumonia is a
common complication, while seizures and brain disease seldom occur [2, 3]. The recurrence of
newborn pertussis is of particular concern since infants are most vulnerable to severe morbid-
ity and mortality, especially before they complete their first pertussis immunization series [4].
The World Health Organization (WHO) reported 62,646 cases of pertussis worldwide in 2022,
China had the highest number of cases (38,295) [5]. A low number of pertussis cases were
reported in Indonesia recently. However, there were more than 1,000 cases reported in Indo-
nesia in 2017, 2014, and 2013 [6, 7]. Apart from that, pertussis cases in the field are considered
to be higher than those reported based on the Indonesian Ministry of Health (Kemenkes RI)
data and previous studies [7, 8].

Immunization is the most effective method of preventing pertussis. The incidence of severe
pertussis in infants is reduced by the three-dose primary series diphtheria-tetanus-pertussis
(DTP3) vaccinations [2]. In 2021, WHO reported about 81% (105 million infants) of the target
population worldwide have gotten the advised three doses of the DTP-containing vaccination
during infancy [9]. Indonesia has implemented the Expanded Program Immunization (EPI) basic
immunization program for diphtheria, pertussis, and tetanus (DTwP) since 1976 with high
immunization coverage for infants. Since 2018, the Indonesian Ministry of Health (Kemenkes RI)
has changed the concept of complete basic immunization to complete routine immunization. Per-
tussis-containing vaccine is given in three doses to infants 2, 3, and 4 months, then 1 booster dose
is added at 18 months, for continued immunization. The pertussis-containing vaccine in Indone-
sia is given in the form of whole cell pertussis vaccine (WP) and combined with diphtheria toxoid,
tetanus toxoid, hepatitis B, and Haemophilus influenzae b [10, 11].

The evaluation of preventable infection diseases, vaccination achievements, and child
immunity regularly, is very important for global vaccine policy information and improvement
of program implementation, towards the targets set by the Global Vaccine Plan (GVAP) and
the 2030 Immunization Agenda [12, 13]. The Indonesian Ministry of Health (Kemenkes RI)
carried out basic health research (Riskesdas) in 2013 and 2018 which provided data on immu-
nization coverage and serology for several diseases that can be prevented by immunization,
including pertussis. The data on pertussis seropositive was available in children 1-14 years old
which represented the national data of Indonesia with a large-scale survey sample in the com-
munity. The objective of this study was to estimate the seroprevalence of pertussis and sociode-
mographic data of children aged 1-14 years in the community and its association factors based
on Riskesdas 2013 and 2018 data. The information is important as evidence-based in formulat-
ing an effective immunization strategy in the future.

Materials and methods
Study design and samples

This research is a further analysis of the data collected in the Riskesdas 2013 and 2018. Data
were obtained from the Centre of Data and Information, of the Health Development Policy
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Agency, Ministry of Health, Indonesia [14]. The Riskesdas was carried out periodically every
five years using a cross-sectional design, which represented the community on a national scale.
The data provided consists of unique ID numbers for each research subject, which were not
linked to individual identity data, ensuring the anonymity of the research subjects’ data. The
outline of samples was planned based on calculations from the Indonesian Central Statistics
Agency (BPS) by implies of multistage sampling through the stages as detailed in the national
reports of the Riskesdas 2013 and 2018 [15-17]. Data from structured interviews and measure-
ments on selected household and individual samples were then subjected to further analysis.
The samples used for further analysis were children 1-14 years old who had undergone sero-
logical examination.

Blood samples in the Riskesdas 2013 and 2018 were taken from healthy individuals in the
community, from all provinces in Indonesia, aged one year and above, and who met the inclu-
sion criteria during the survey period. However, serological testing for anti-Pertussis IgG was
only performed on children aged 1-14 years to assess immune response and the risk of pertus-
sis infection, which would be linked to data on immunization history, history of acute respira-
tory infection, and pneumonia. In Riskesdas 2013, of the 7,229 blood serums of children aged
1-14 years examined for anti-PT antibodies, there were 6,542 (90.5%) who had completed the
questionnaire data. In addition, the anthropometry measurements were complete and could
be linked to the examination data ELISA for analysis. Meanwhile, at Riskesdas 2018, of the
7,032 tested for anti-Pertussis IgG antibodies, there were 6,211 (88.3%) who met the require-
ments for analysis. Out of the total samples, the toddler samples aged 1-4 years old were 568
(8.6%) children (in 2013) and 992 (15.97%) children (in 2018). The sample represented urban
and rural areas nationwide [16, 17].

Pertussis serology data was obtained from the results of the Enzyme-Linked Immunosor-
bent Assay (ELISA) examination conducted at the research laboratory of the National Institute
of Health Research and Development, Indonesian Ministry of Health. The serological exami-
nation of pertussis performed in the Riskesdas 2013 and 2018 used a semi-qualitative commer-
cial ELISA with NovaLisa B. pertussis toxin (PT) IgG (Cat No; BPTG0610, NovaTec
Immundiagnostica GmbH, Germany) and NovaTec B. pertussis IgG (Cat No; BOPG0030,
NovaTec Immundiagnostica GmbH, Germany) reagents for the detection of anti-Pertussis
IgG and was interpreted according to the manufacturer’s instructions. ELISA results were cat-
egorized as pertussis seropositive if anti-pertussis toxin IgG > 100 IU/mL (in Riskesdas 2013)
or anti-pertussis IgG > 11 NovaTec Unit (NTU) (in Riskesdas 2018). This parameter indicated
a recent pertussis infection if no pertussis vaccine was received within the last twelve months.

Operational definitions

Complete pertussis immunization for data analysis in the Riskesdas 2013 and 2018 namely
three doses of pertussis vaccine given to infants 2, 3, and 4 months together with Hepatitis B
vaccine in the form of the DTwP-HB combo (in 2011) which was replaced by DTwP-HB-Hib
pentavalent (Biofarma Indonesia) in 2015 [18, 19]. Positive acute respiratory infection (ARI)
and pneumonia based on the confession of a respondent or guardian, who in the last month,
had a history of symptoms or had been diagnosed by a health worker. Economic status was
measured by expenditure quintiles, namely the grouping of expenditures into five equal groups
after being sorted from smallest to largest expenditure. Quintiles 1-2 were classified as poor,
quintiles 3-4 as middle class, and quintile 5 as rich. The measurement of nutritional status in
children 1-14 years was used based on the body mass index (BMI) for age. The BMI Z-score of
undernutrition status is < -2.0; whereas the BMI Z-score of normal nutrition is +2.0 to -2.0;
and overnutrition status means a combination of excess nutrition and obesity, with BMI Z-
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score > +2.0 [20-22]. Maternal education is categorized into 3 levels, namely low for those
without school, medium for elementary to high school, and high for diploma-1 (D1) to
college.

Statistical analysis

At the time of analysis, authors used “weighting” which had been carried out by the Centre of
Data and Information, of the Health Development Policy Agency, Ministry of Health, Indone-
sia. Descriptive analysis was carried out to identify the characteristics of the respondents and
association factors of pertussis seropositivity, including age, sex, DTwP immunization status,
history of acute respiratory infection, pneumonia, nutrition status, family economic level, and
maternal education level. Sample grouping was performed on several research variables to
answer the purpose of further analysis. Grouping for ages 1-4 and 5-14 years was carried out
to minimize data bias due to the possible effect of vaccination on seropositivity at ages 1-4
years. The Prevalence Odds Ratio (POR) was assessed using the single logistic regression test.
The multivariate test was performed to identify factors that associated with the seroprevalence
of pertussis. All the unknown data was not included in the further analysis. The analysis was
performed using StataCorp software version 16.4.

Ethical consideration

This further analysis used secondary data, which was not linked to the research subjects, thus it
did not require ethical clearance. Consent to utilize and analyze the dataset was obtained by sub-
mitting a research proposal to the Centre of Data and Information, the Health Development
Policy Agency (Indonesia: Pusat Data dan Informasi, Badan Kebijakan Pembangunan Keseha-
tan), Ministry of Health, the Republic of Indonesia via email: datin.bkpk@kemkes.go.id.

Results

The general characteristics of the respondents analyzed in the 2013 and 2018 Riskesdas are
shown in Table 1. The respondents of the Riskesdas 2013 mostly lived in rural areas (51.3%),
while in the Riskesdas 2018, respondents mostly lived in urban areas (66.5%). The proportion
of respondents was higher in the boy group, aged 5-14 years, poor-middle economic status,
normal nutrition, completed immunization status, and medium maternal education level both
in Riskesdas 2013 and 2018. The proportion of toddlers (1-4 years old) with complete immu-
nization status in the Riskesdas 2013 was 74.6%, meanwhile in the Riskesdas 2018 was 78.3%.
Maternal education level was more commonly found in the middle category, followed by low
and high education in each Riskesdas. Most respondents had no history of suffering from
acute respiratory infection (ARI) or pneumonia in the last month (Riskesdas 2013 and 2018
data).

Since pertussis is a vaccine-preventable disease, we conducted an analysis of pertussis sero-
positivity in relation to the immunization status of respondents, which was only available for
the 1-4 years age group. Table 2 showed the results of statistical analysis on pertussis seroposi-
tive respondents with complete DTwP immunization status. Pertussis seropositive was found
in 9.8% respondents which 7.4% were at aged 1-4 years and 10.1% at aged 5-14 years in Ris-
kesdas 2013 subjects. Meanwhile, in the Riskesdas 2018, seropositive pertussis was found in
33.4% of respondents, which 49.3% were aged 1-4 years and 30.7% were aged 5-14 years. In
both Riskesdas 2013 and 2018, the complete DTwP immunization status based on age showed
a similar proportion, with the highest being at one year of age. In Riskesdas 2013, respondents
aged 1-4 years with a complete DTwP immunization history, the highest proportion of
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Table 1. Distribution of the respondents according to their characteristics in the Riskesdas 2013 and 2018.

Characteristic ‘ ‘ ‘ |
Riskesdas 2013 Riskesdas 2018
Demographic n ‘ N ‘ Percentage (%) n ‘ N | Percentage (%)
Area
Urban 2,940 1,324,240 48.7 3,752 2,696,317 66.5
Rural 4,170 1,394,848 51.3 3,451 1,357,397 33.5
Sex
Boy 3,664 1,401,863 51.6 3,815 2,094,626 51.7
Girl 3,446 1,317,226 48.4 3,388 1,959,088 48.3
Age group (years old)
1-4 568 229,958 8.50 992 590,559 14.5
5-14 6,542 2,489,131 91.50 6,211 3,463,155 85.5
Family economy status
Poor 2,980 1,003,564 36.9 3,012 1,586,223 45.8
Middle class 3,061 1,296,653 47.7 2,264 1,278,372 36.9
Rich 1,069 418,871 15.4 919 600,336 17.3
Unknown 0 1,008
Nutritional status
Undernutrition 640 214,351 9.19 543 295,108 7.3
Good nutrition 5,138 1,984,818 85.08 6,016 3,391,459 84.3
Overnutrition 346 133,776 5.73 583 335,289 8.3
Unknown 986 61
Complete DTP immunization status (1-4 years old)
Complete 375 151,225 74.6 658 386,418 78.3
Uncomplete/Unknown 110 51,408 25.4 167 107,222 21.7
Unknown 83 167
Acute Respiratory Infection in last month
Yes 2,044 804,431 29.6 892 536,626 13.2
No 5,065 1,914,253 70.4 6,311 3,517,088 86.8
Unknown 1 0
Pneumonia in last month
Yes 336 143,017 53 25 16,340 0.4
No 6,754 2,567,503 94.7 7,047 3,964,716 99.6
Unknown 20 131
Maternal Education Level
Low 1,153 394,894 16.1 796 428,071 11.6
Medium 4,916 1,966,464 80.2 5,270 3,046,483 82.52
High 255 90,821 3.7 408 217,269 5.89
Unknown 786 729

n: unweighting samples, N: weighting samples

https://doi.org/10.1371/journal.pone.0311362.t001

seropositive pertussis was in children aged one year (14.3%). Meanwhile, in Riskesdas 2018,
the highest proportion of seropositive pertussis was at the age of four years (60.3%) (Table 2).

Furthermore, for determining the relationship between pertussis seroprevalence and
respondent characteristics in all data of Riskesdas 2013 and 2018, multivariate analysis was
conducted. Results showed that low maternal education was the predictive factor that most
influences pertussis seropositivity after other variables were controlled, especially in Riskesdas
2013 (APOR = 2.983, 95% CI: 2.670-3.333) (Table 3).
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Table 2. The pertussis seropositive in respondents with complete immunization based on age*.

Age (Years Old)
n

Pertussis Seropositive

1-4 568

5-14 6,542

Total 7,110
Complete DTwP immunization status

ly.o 72

2.y.0 111

3y.0 131

4y.0 171

Pertussis seropositive in respondent with complete immunization

lyo 53
2.y.0 91
3y.0 100
4y.0 131

Riskesdas 2013 Riskesdas 2018
N % POR (95%CI) n N % POR (95%CI)
229,958 7.40 ref 991 590,060 49.30 ref

2,489,131 10.10 1.394 6,207 3,461,040 30.70 0.456

(1.372-1.416) (0.453-0.459)
2,719,089 9.80 - 7,203 4,051,100 33.40 -
31,876 82.60 ref 184 107,109 85.80 ref

45,955 80.50 0.865 189 127,119 81.90 0.748
(0.833-0.898) (0.732-0.765)

54,913 70.10 0.492 226 127,435 73.70 0.463
(0.475-0.509) (0.453-0.473)

69,889 70.70 0.508 226 131,977 73.10 0.448
(0.491-0.525) (0.439-0.458)

26,339 14.30 1.899 158 91,427 49.10 1.191
(1.714-2.103) (1.150-1.233)

36,973 2.30 0.520 155 103,129 53.40 1.247
(0.460-0.588) (1.212-1.284)

38,474 9.30 0.592 182 93,936 48.10 1.547
(0.560-0.625) (1.508-1.587)

49,439 5.20 0.570 162 96,427 60.30 1.344
(0.535-0.606) (1.312-1.378)

*Simple Logistic Regression Test, n: unweighting samples, N: weighting samples, POR: Prevalence Odds Ratio

https://doi.org/10.1371/journal.pone.0311362.t002

Table 4 shows the multivariate analysis that was carried out in the Riskesdas 2013 and 2018
data to determine the association factors of pertussis seroprevalence with respondent charac-
teristics. Data were divided into two groups based on age 1-4 and 5-14 years to distinguish
complete DTwP immunization history data which was only available in children aged 1-4
years. The results of this study showed that several factors such as history of pneumonia in the
last month (POR = 2.709, 95%CI: 2.592-2.831), history of acute respiratory infection in the
last month (POR = 2.043, 95%CI: 1.980-2.108) and nutrition status (POR = 2.186, 95%CI:
1.978-2.416) were the factors that played the most role in differentiating the incidence of sero-
positive pertussis in children aged 1-4 years and 5-14 years compared to other variables in the
Riskesdas 2013. Meanwhile, in Riskesdas 2018, the history factor pneumonia in the last month
(POR =2.421, 95%CI: 2.299-2.550) played a greater role compared to other variable factors,
when observed from the prevalence odds ratio value. In addition, the history of pneumonia
and history of acute respiratory infection in children with seropositive pertussis was higher in
children aged 1-4 years compared to those aged 5-14 years, both in Riskesdas 2013 and 2018.
Although the results of the statistical analysis also indicated the role of nutrition in the immune
response to vaccination, which was indicated by the high proportion of pertussis seropositive
in children aged 1-14 years with good nutrition compared to malnutrition. However, after
adjusting for other variables, the history of pneumonia played a more important role (Table 4).

Discussion

Riskesdas is a periodic national health survey every five years that collects abundant variable
data, which aims to provide an overview of the health status of the Indonesian population
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Table 3. The association between pertussis seroprevalence and respondent characteristics in Riskesdas 2013 and 2018,

Characteristics n % % POR (95%CI) P APOR (95%CI) P
Positive Negative
Riskesdas 2013
Area
Urban 2,940 9.7 90.3 1.037 0.713 1.142 0.000
(1.029-1.046) (1.095-1.190)
Rural 4,170 10 90 ref
Sex
Girl 3,446 9.7 90.3 1.024 0.000 0.588 0.000
(1.016-1.032) (0.567-0.610)
Boy 3,664 9.9 90.1 ref
Age Group (years old)
1-4 568 7.4 92.6 1.394 0.000
(1.372-1.416)
5-14 6,542 10.1 89.9 ref
Family Economy Status
Poor 2,980 11.5 88.5 1.042 0.000 0.96 0.161
(1.030-1.054) (0.907-1.016)
Middle Class 3,061 8.1 91.9 0.707 0.773 0.000
(0.696-0.715) 90.688-0.760)
Rich 919 33.7 66.1 ref
Nutritional Status
Undernutrition 640 9.4 90.6 1.084 0.000 0.301 0.000
(1.067-1.1) (0.254-0.357)
Normal Nutrition 5,138 10.1 89.9 0.928 0.000 1.817 0.000
(0.906-0.951) (1.681-1.963)
Overnutrition 346 8.8 91.2 ref
Complete DTP Immunization Status (1-4 years old)
Incomplete/Unknown 110 9.8 90.2 1.422 0.000 1.539 0.000
(1.373-1.472) (1.482-1.599)
Complete 375 7.1 92.9 ref
History of Acute Respiratory Infection in the Last Month
Yes 2,044 10 90 1.022 0.000 1.109 0.000
(1.013-1.031) (1.068-1.152)
No 5,065 9.8 90.2 ref
History of Pneumonia in the Last Month
Yes 336 13.1 86.9 1.410 0.000 1.979 0.000
(1.387-1.432) (1.887-2.086)
No 6,754 9.6 90.4 ref
Maternal Education Level
Low 1,153 10.92 89.08 1.226 0.007 2.983 0.000
(1.196-1.257) (2.670-3.333)
Medium 4,916 9.8 90.2 1.086 0.000 1.383 0.000
(1.061-1.112) (1.215-1.531)
High 255 9.09 90.91 ref
Riskesdas 2018
Area
Urban 3,752 334 66.6 0.999 0.000 1.226 0.000
(0.995-1.003) (1.209-1.244)
Rural 3,446 33.4 66.6 ref
Sex
(Continued)
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Table 3. (Continued)

Characteristics n % % POR (95%CI) P APOR (95%CI) P
Positive Negative
Female 3,812 33.1 66.9 1.029 0.000 1.096 0.000
(1.025-1.034) (1.083-1.111)
Male 3,386 33.8 66.2 ref
Age Group (years old)
1-4 991 49.3 50.7 0.456 0.000
(0.454-0.459)
5-14 6,207 30.7 69.3 ref
Family Economy Status
Poor 3,010 31.5 68.5 0.912 0.000 0.697 0.000
(0.906-0.918) (0.684-0.684)
Middle Class 2,261 36.5 63.5 1.141 1.135 0.000
(1.134-1.149) (1.114-1.157)
Rich 919 33.7 66.1 ref
Nutritional Status
Undernutrition 543 374 62.6 0.597 0.000 1.042 0.000
(0.593-0.601) (1.009-1.077)
Good Nutrition 6,012 329 67.1 0.489 0.000 1.463 0.000
(0.488-0.490) (1.429-1.499)
Overnutrition 582 34.8 65.2 ref
Complete DTP Immunization Status (1-4 years old)
Incomplete/Unknown 167 45.9 54.1 0.758 0.000 0.855 0.000
(0.748-0.768) (0.842-0.868)
Complete 657 52.8 47.2 ref
Acute Respiratory Infection in the Last Month
Yes 891 31.8 68.2 0.918 0.000 0.732 0.000
(0.912-0.924) (0.719-0.746)
No 6,307 33.7 66.3 ref
Pneumonia in the Last Month
Yes 25 36.9 63.1 1.155 0.000 0.613 0.000
(1.119-1.192) (0.582-0.646)
NO 7,042 33.6 66.4 ref
Maternal Education Level
Low 795 33.1 66.9 1.015 0.007 1.181 0.000
(1.004-1.026) (1.751-1.879)
Medium 5,268 323 67.7 0.927 0.000 1.343 0.000
(0.92-0.937) (1.309-1.378)
High 407 33.7 66.3 ref

*Multiple Regression Logistic Test, n: unweighting samples, POR: Prevalence Odds Ratio, APOR: Adjusted Prevalence Odds Ratio.

https://doi.org/10.1371/journal.pone.0311362.t003

during the survey period. So, there were limited data that could be analyzed for this study, not
all the required variables were available, including the history of pertussis vaccination for chil-
dren aged 5-14 years. In addition, in 2017-2018, outbreak response immunization (ORI) was
carried out with the DTwP vaccine in children aged 1-5 years due to the diphtheria outbreak
in Indonesia. Unfortunately, there was no data related to information about ORI recipients in
the Riskesdas 2018. This might lead to bias in determining whether the increase in pertussis
IgG was a result of vaccination or natural infection, particularly in Riskesdas 2018 data. In
addition, although the pertussis serological examination method used in the Riskesdas 2013
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Table 4. The association between respondent characteristics and pertussis seropositive based on age groups 1-4 years and 5-14 years in Riskesdas 2013 and 2018.

Riskesdas 2013 Riskesdas 2018
n | 1-4 |5-14| P | POR (95%CI) APOR P n [1-4|/5-14 P POR APOR P
(95%CI) (95% CI) (95%CI)
Area
Urban 268 | 48.4 | 47.8 | 0.139 1.024 0.770 0.000 | 1209 | 72.8 | 64.9 | 0.000 1.448 1.392 (1.378-1.407) | 0.000
(0.992-1.056) (0.742-0.799) (1.435-1.461)
Rural 420 | 51.6 | 52.2 1144 | 27.2 | 35.1
Sex
Female 346 | 40.7 | 48.4 | 0.000 0.732 0.652 (0.630-0.676) | 0.000 | 1124 | 47.1 | 52.3 | 0.000 0.812 0.786 (0.779-0.793) | 0.000
(0.710-0.756) (0.806-0.819)
Male 342 1 59.3 | 51.6 1229 | 52.9 | 47.7
History Pneumonia in the Last Month
Yes 37 | 15.7| 6.4 | 0.000 2.709 1.772 0.000 | 5 0.8 | 0.3 |0.000 2.421 1.878 (1.782-1.978) | 0.000
(2.592-2.831) (1.683-1.865) (2.299-2.550)
No 647 | 84.3 | 93.6 23121 99.2 | 99.7
History Acute Respiratory
Infection in the Last Month
Yes 188 | 45.4 | 29.0 | 0.000 2.043 1.994 (1.925-2.066) | 0.000 | 274 | 14.1 | 12.2 | 0.000 1.190 1.233 (1.217-1.250) | 0.000
(1.980-2.108) (1.176-1.204)
No 500 | 54.6 | 71.0 2079 | 85.9 | 87.8
Family Economic Status
Poor 327 | 38.8 | 43.5 | 0.000 1,233 0.451 (0.428-0.476) | 0.000 | 949 | 39.4 | 43.7 | 0.000 1.321 0.904 (0.891-0.917) | 0.000
(1,181-1,288) (1.305-1.337)
Medium 258 | 42.2 | 39.2 | 0.385 1,019 0.622 (0.593-0.653) | 0.000 | 777 | 40.9 | 39.7 | 0.000 1.158 0.920 (0.908-0.933) | 0.000
(0.976-1,064) (1.143-1.172)
Rich 103 | 19.0 | 17.3 ref 303 | 19.7 | 16.6
Nutrition Status
Undernutrition | 58 | 4.6 | 9.0 | 0.000 2,186 0.398 (0.356-0.445) | 0.000 | 191 | 7.2 | 8.5 | 0.000 1.043 0.944 (0.922-0.966) | 0.000
(1,978-2,416) (1.022-1.066)
Normal nutition | 506 | 89.9 | 86.0 | 0.079 1,065 1.174 (1.087-1.269) | 0.000 | 1939 | 85.0 | 82.6 | 0.000 0.851 1.124 (1.105-1.143) | 0.000
(0.993-1,142) (0.838-0.865)
Overnutrition 36 | 5.6 | 5.0 ref 194 | 7.8 | 8.9
Maternal Education Level
Low 118 | 24.0 | 17.2 | 0.000 1.226 1.185 (1.062-1.323) | 0.003 | 263 | 7.7 | 13.5 | 0.000 0.418 0.538 (0.525-0.551) | 0.000
(1.196-1.257) (0.409-0.427)
Medium 481 | 73.2| 79.4 | 0.000 1.087 0.902 (0.814-1.001) | 0.052 | 1703 | 84.6 | 80.9 | 0.000 0.767 0.829 (0.813-0.845) | 0.000
(1.062-1.112) (0.753-0.778)
High 20 | 2.8 | 34 ref 137 | 7.7 | 5.6

n: unweighting samples, POR: Prevalence Odds Ratio, APOR: Adjusted Prevalence Odds Ratio.

https://doi.org/10.1371/journal.pone.0311362.t004

and 2018 was similar (ELISA). However, the kits were different, including the cut-off values
and seropositivity units.

The age group was divided into two (1-4 years and 5-14 years) because data on immuniza-
tion history was only available for children aged 1-4 years. Specifically, the Riskesdas 2013
data could provide an overview of pertussis infection in children aged 5-14 years, because
there was no history of pertussis vaccination in the last twelve months. This is related to the
routine immunization program for pertussis in Indonesia involved administering three doses
of the DTP vaccine, in the form of a whole-cell pertussis; at two, three, and four months of age.
However, since 2018, a booster dose of the DTP vaccine at 18 months of age was included in
the immunization program [7, 10, 11]. In the Riskesdas 2013 and 2018 data, the routine
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immunization program of the Indonesian government for pertussis still consisted of three
doses of the DTP vaccine. However, from late 2017 to 2018, there was additional DTwP vacci-
nation for children aged 1-5 years in response to the diphtheria outbreak, so it was likely to
influence the seropositive pertussis data in the Riskesdas 2018. During the year 2017, Indonesia
experienced a diphtheria outbreak in 170 districts/cities and 30 provinces, with a total of 954
cases and 44 deaths. Consequently, an outbreak response immunization (ORI) program was
implemented to break the chain of transmission through vaccination. The vaccination con-
taining pertussis was provided in the ORI program in the form of pentabio vaccine
(DTP-HB-Hib vaccine), targeting children aged 1-5 years. The ORI program started in
December 2017 in 12 districts/cities and continued gradually in 73 districts/cities across 11
other provinces in 2018 [23]. The addition of pertussis-containing vaccinations since 2017, it
might affect the results of anti-pertussis Toxin IgG in the Riskesdas 2018 [24, 25].

The studies conducted by Alexandre Pereira et al. and Nasamon Wanlapakorn et al. in Bra-
zil and Thailand also showed that children with a history of complete DTwP immunization
still exhibited high levels of serum antibodies against pertussis at least two years after vaccina-
tion. This is because the vaccine induces an effective immunologic memory [26, 27]. There-
fore, the increase in IgG at the age of 1-4 years could be caused by both vaccination and
natural infection. Meanwhile, an increase in IgG > 100 IU at the age of 5-14 years could
almost certainly be caused by infection, particularly in the Riskesdas 2013.

The high levels of Ig-PT antibodies (>100 IU/mL) in age groups not targeted for vaccina-
tion could indicate a higher likelihood of natural pertussis infection [28]. In 2013, the preva-
lence of pertussis in children aged 5-14 years in Indonesia was estimated at 10.1% based on
seropositive pertussis data (Table 2). This number was much higher than the case numbers
reported by WHO (27 cases in 2019 and 36 cases in 2020) and the Ministry of Health, Indone-
sia (386 cases in 2019) [6, 7]. This was due to the general similarity of clinical manifestation of
pertussis with ARI and some cases were mild or asymptomatic [29, 30] so they were not
reported as pertussis. Therefore, a booster pertussis vaccine should be considered to prevent
pertussis infection, since currently, the national pertussis vaccination program is up to 18
months of age. This is also in accordance with WHO recommendations, with a four doses per-
tussis vaccine administration schedule, it can provide protection for at least six years for coun-
tries that use the wP vaccine [31]. Thus, further analysis of the 2023 Riskesdas data is
warranted to assess the impact of the pertussis vaccination booster at 18 months of age on the
prevalence of pertussis infection. A study conducted in Thailand on 900 serum samples
showed that after the age of 11 years, the highest proportion of anti-PT IgG >100 IU/ml was
observed [27]. Furthermore, a study in China involving 2144 subjects aged three days to 76
years showed that the highest percentage of recent pertussis infection (anti-PT IgG >100 IU/
ml) was observed in children aged nine years (5.1%) (95% CI 0.0-12.1) [32]. The high number
of unreported cases of pertussis needs attention because pertussis transmission can occur with-
out any contact with sufferers who are ’diagnosed’ with pertussis. The high rate of subclinical
infections among household contacts of pertussis sufferers, might be an important factor in
disease transmission [30].

In Table 2, for children aged 1-4 years with a complete history of DTwP immunization, the
highest proportion of pertussis seropositive was aged one year in the Riskesdas 2013, because
there was a history of getting pertussis vaccination in babies according to the government’s
routine vaccination program. Meanwhile, in the Riskesdas 2018, the highest proportion was
children aged 4 years, possibly due to additional vaccination given in the form of the DTwP
vaccine as a response to the diphtheria outbreak, although this could not be confirmed due to
limited data available.
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Apart from that, the use of commercial kits with NTU units in the Riskesdas 2018 raised
concerns about differences in results from commercial kits with IU units used in the Riskesdas
2013. Even though this study used the same categories (seropositive and seronegative), in real-
ity, no references were found, which compared the results of both types of commercial kits on
the same samples. This was supported by evidence that in general, the prevalence of pertussis
seropositive was much greater in Riskesdas 2018 compared to Riskesdas 2013, even at ages
5-14 years, where the influence of ORI could be minimized (Table 2). No strong data was
obtained to confirm whether the high proportion of pertussis seropositive in the Riskesdas
2018 was caused by high levels of infection, the effect of vaccination (ORI), or the commercial
kits used.

Based on multivariate analysis, the predictive factor that most influences the pertussis sero-
positivity of characteristics of respondents was low maternal education (Table 3). Although
maternal education is not directly related to the incidence of pertussis, maternal educational
status is directly related to the completeness of vaccination, which can have an impact on vac-
cine-preventable disease infections, including pertussis. We added an analysis of the relation-
ship between completeness of vaccination and maternal education level, showing that
completeness of vaccination was 5.48 times higher (95% CI 5.03-5.07) in 2013 Riskesdas and
1.38 times higher (95% CI 1.33-1.43) in 2018 Riskesdas in higher maternal education level
groups compared to low maternal education group (data not shown). An analysis survey con-
ducted in Eritrea showed that children of mothers with no education had lower full vaccina-
tion coverage than those with middle or above education (OR = 2.34, 95% CI 1.30-4.21) [33].
Another study on infectious diseases in Bangladesh in the form of a nationwide cross-sectional
survey showed results similar to our study, that children with mothers with no education, low
and moderate education showed higher odds of acute respiratory infection than mothers with
higher education [34]. Therefore, groups of mothers with low education or no education
should become targets for strengthening vaccination programs and controlling infectious
diseases.

In the 2013 Riskesdas data, a history of acute respiratory infection and pneumonia in the
past month was the most significant factor for pertussis infection after controlling for other
variables, while in the 2018 Riskesdas data, only a history of pneumonia was significant
(Table 4). These findings suggested the possibility that pertussis infection increases the risk of
complications leading to pneumonia. Pertussis (whooping cough) is a severe acute respiratory
infection caused by the bacterial pathogen B. pertussis, with persistent coughing in children,
adolescents and adults with severe respiratory illness [35]. Clinical manifestations of B. pertus-
sis infection range from a relatively moderate cough condition to a serious and potentially
deadly condition with pneumonia, convulsions, encephalopathy, and respiratory failure [36].
Co-infection cases with multiple pathogen species are becoming common and revealed as
important issue for diseases development and treatment. In the upper respiratory tract, where
exposure to microbial species is common, interactions between pathogens, often host-medi-
ated, are of particular relevance. The co-infection between bacteria and influenza causing
infection in the respiratory tract is an example of the well-studied interspecies interaction in
co-infection cases. An example of an interaction between influenza virus, is their interaction
with bacterial pathogens, including Streptococcus pneumoniae, Streptococcus pyogenes, Staphy-
lococcus aureus, Haemophilus influenza, and B. pertussis [37]. These co-infections still play an
important role today, as evidenced by the increased mortality associated with bacterial infec-
tions during recent influenza epidemics and pandemics.

There are several of studies aimed at explaining the clinical importance of the interaction
occurred between influenza virus with bacterial pathogens in infected hosts, especially with B.
pertussis [38, 39]. Seasonal influenza and pertussis infections are recognized as the leading
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causes of neonatal and infant morbidity and mortality worldwide [40, 41]. A study involving
seven African and Asian countries in low- and middle-income regions (LMIC) on children
aged 1-59 months, who were hospitalized with severe or very severe pneumonia, revealed the
detection of B. pertussis in 53 out of 4200 (1.3%) cases. Pertussis-infected pneumonia cases in
children aged 1-5 months exhibited a case fatality ratio of 12.5% (95% CI: 4.2%-26.8%; 5/40)
[42]. The findings in our study, as well as other studies conducted in 7 countries across Asia
and Africa, indicated the need for attention to pertussis, particularly in children, due to its
potential for severe outcomes, including fatal cases.

Conclusions

Further analysis from Riskesdas 2013 and 2018 data performed in this study revealed that the
seroprevalence of pertussis in children aged 1-14 years was high, particularly those children
aged 5-14 years. So, giving a pertussis vaccine booster needs to be considered. This was
because at the time the Riskesdas 2013 and 2018 were implemented, the pertussis immuniza-
tion program in Indonesia was still implementing three basic vaccination doses, and a new
booster was implemented in 2018. Considering that maternal education is the characteristic
factor most related to pertussis seroprevalence, the group of children and mothers with low
education can be the main targets for strengthening complete vaccination coverage and efforts
to control diseases, one of which is pertussis which can cause complications from pneumonia.

Acknowledgments

We would like to acknowledge the Head of the Health Development Policy, the Indonesian
Ministry of Health and the data management laboratory team, whom had given authorization
to the authors to utilize the information and given the Riskesdas 2013 and 2018 research and
investigation data sets. Extended gratitude and appreciation was conveyed and passed on to all
the research teams who cannot be mentioned one by one, specifically from the Institute of
Health Research and Development, Ministry of Health of Indonesia (Kemenkes RI), whom
had collected data on Riskesdas researches and inquired about research facility examinations,
and information administration forms.

Author Contributions

Conceptualization: Nathalia Ningrum, Armedy Ronny Hasugian, Firda Fairuza, Christina
Safira Whinie Lestari.

Data curation: Nathalia Ningrum, Armedy Ronny Hasugian, Firda Fairuza, Christina Safira
Whinie Lestari.

Formal analysis: Sunarno Sunarno, Nathalia Ningrum, Armedy Ronny Hasugian, Rita Mar-
leta Dewi, Sarwo Handayani, Firda Fairuza, Christina Safira Whinie Lestari.

Investigation: Sunarno Sunarno, Nathalia Ningrum, Armedy Ronny Hasugian, Firda Fairuza,
Christina Safira Whinie Lestari.

Methodology: Nathalia Ningrum, Armedy Ronny Hasugian, Rita Marleta Dewi, Sarwo Han-
dayani, Firda Fairuza, Christina Safira Whinie Lestari.

Project administration: Sunarno Sunarno, Christina Safira Whinie Lestari.
Software: Armedy Ronny Hasugian.

Supervision: Sunarno Sunarno, Christina Safira Whinie Lestari.

PLOS ONE | https://doi.org/10.1371/journal.pone.0311362 September 30, 2024 12/15


https://doi.org/10.1371/journal.pone.0311362

PLOS ONE

Seroprevalence of Bordetella pertussis infection in Indonesia

Validation: Novaria Sari Dewi Panjaitan, Sunarno Sunarno, Nathalia Ningrum, Armedy
Ronny Hasugian, Rita Marleta Dewi, Sarwo Handayani, Masri Sembiring Maha, Firda Fair-
uza, Meiriani Sari, Christina Safira Whinie Lestari.

Visualization: Novaria Sari Dewi Panjaitan, Sunarno Sunarno, Nathalia Ningrum, Armedy
Ronny Hasugian, Rita Marleta Dewi, Sarwo Handayani, Masri Sembiring Maha, Firda Fair-
uza, Dita Setiati, Christina Safira Whinie Lestari.

Writing - original draft: Monica Dwi Hartanti, Novaria Sari Dewi Panjaitan, Sunarno
Sunarno, Nathalia Ningrum, Armedy Ronny Hasugian, Rita Marleta Dewi, Sarwo Han-
dayani, Masri Sembiring Maha, Firda Fairuza, Meiriani Sari, Dita Setiati, Christina Safira
Whinie Lestari.

Writing - review & editing: Monica Dwi Hartanti, Novaria Sari Dewi Panjaitan, Sunarno
Sunarno, Nathalia Ningrum, Armedy Ronny Hasugian, Rita Marleta Dewi, Sarwo Han-
dayani, Masri Sembiring Maha, Firda Fairuza, Meiriani Sari, Dita Setiati, Christina Safira
Whinie Lestari.

References

1. Chinchai T, Posuwan N, Vuthitanachot V, Wanlapakorn N, Poovorawan Y. Seroprevalence of an anti-
body against diphtheria, tetanus, and pertussis among the elderly in Khon Kaen, Thailand. J Heal Popul
Nutr. 2019 Dec 18; 38(1):28. https://doi.org/10.1186/s41043-019-0186-0 PMID: 31627764

2. WHO. Pertussis [Internet]. 2023 [cited 2023 Aug 29]. Available from: https://www.who.int/health-topics/
pertussis#tab=tab_1

3.  WHO. Pertussis (whooping cough) [Internet]. 2023 [cited 2023 Aug 16]. Available from: https://www.
who.int/westernpacific/health-topics/pertussis#tab=tab_2

4. Hughes MM, Englund JA, Edwards K, Yoder S, Tielsch JM, Steinhoff M, et al. Pertussis seroepidemiol-
ogy in women and their infants in Sarlahi. Vaccine. 2017; 35(48):6766—73. https://doi.org/10.1016/j.
vaccine.2017.09.074 PMID: 29037576

5. WHO. Pertussis-number of reported cases [Internet]. 2023 [cited 2023 Jul 23]. Available from: https:/
www.who.int/data/gho/data/indicators/indicator-details/GHO/pertussis-number-of-reported-cases

6. WHO. Pertussis—number of reported cases [Internet]. 2021 [cited 2023 May 5]. Available from: https://
apps.who.int/gho/data/view.main.1540_43?lang=en

7. Sunarno S, Sofiah SN, Amalia N, Hartoyo Y, Rizki A, Puspandari N, et al. Laboratory and epidemiology
data of pertussis cases and close contacts: A 5-year case-based surveillance of pertussis in Indonesia,
2016—2020. PLoS One. 2022;1-9. https://doi.org/10.1371/journal.pone.0266033 PMID: 35442946

8. Kementerian Kesehatan RI. Profil Kesehatan Indonesia Tahun 2019 [Internet]. 2020. [cited 2023 May
4]. Available from: https://www.kemkes.go.id/id/profil-kesehatan-indonesia-2019

9.  WHO. Immunization Coverage [Internet]. 2023. [cited 2023 May 4]. Available from: https://www.who.
int/news-room/fact-sheets/detail/immunization-coverage

10. Kementerian Kesehatan RI. Kemenkes Tambah 3 Jenis Vaksin Imunisasi Rutin, Salah Satunya HPV
[Internet]. 2022. [cited 2023 May 4]. Available from: https://sehatnegeriku.kemkes.go.id/baca/rilis-
media/20220423/2939708/39708/

11. Kementerian Kesehatan RI. Berikan Anak Imunisasi Rutin Lengkap, Ini Rinciannya [Internet]. 2018.
[cited 2023 May 4]. Available from: https://sehatnegeriku.kemkes.go.id/baca/umum/20180428/
5625737/berikan-anak-imunisasi-rutin-lengkap-rinciannya/

12. GBD 2020, Release 1 VCC. Measuring routine childhood vaccination coverage in 204 436 countries
and territories, 1980-2019: a systematic analysis for the Global Burden of 437 Disease Study 2020,
Release 1. Lancet. 2021;503-21. https://doi.org/10.1016/S0140-6736(21)00984-3 PMID: 34273291

13. WHO. Vaccines and immunization [Internet]. 2023. [cited 2023 May 4]. Available from: https://www.
who.int/health-topics/vaccines-and-immunization#tab=tab_1

14. Lestari CSW, Dewi RM, Sunarno S, Hasugian AR, Handayani S, Maha MS, et al. The effectiveness of
hepatitis B vaccine in toddlers based on the five-year period national basic health research (Riskesdas
2007, 2013 and 2018) in Indonesia. PeerJ. 2023;1-23. https://doi.org/10.7717/peerj.15199 PMID:
37214093

PLOS ONE | https://doi.org/10.1371/journal.pone.0311362 September 30, 2024 13/15


https://doi.org/10.1186/s41043-019-0186-0
http://www.ncbi.nlm.nih.gov/pubmed/31627764
https://www.who.int/health-topics/pertussis#tab=tab_1
https://www.who.int/health-topics/pertussis#tab=tab_1
https://www.who.int/westernpacific/health-topics/pertussis#tab=tab_2
https://www.who.int/westernpacific/health-topics/pertussis#tab=tab_2
https://doi.org/10.1016/j.vaccine.2017.09.074
https://doi.org/10.1016/j.vaccine.2017.09.074
http://www.ncbi.nlm.nih.gov/pubmed/29037576
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/pertussis-number-of-reported-cases
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/pertussis-number-of-reported-cases
https://apps.who.int/gho/data/view.main.1540_43?lang=en
https://apps.who.int/gho/data/view.main.1540_43?lang=en
https://doi.org/10.1371/journal.pone.0266033
http://www.ncbi.nlm.nih.gov/pubmed/35442946
https://www.kemkes.go.id/id/profil-kesehatan-indonesia-2019
https://www.who.int/news-room/fact-sheets/detail/immunization-coverage
https://www.who.int/news-room/fact-sheets/detail/immunization-coverage
https://sehatnegeriku.kemkes.go.id/baca/rilis-media/20220423/2939708/39708/
https://sehatnegeriku.kemkes.go.id/baca/rilis-media/20220423/2939708/39708/
https://sehatnegeriku.kemkes.go.id/baca/umum/20180428/5625737/berikan-anak-imunisasi-rutin-lengkap-rinciannya/
https://sehatnegeriku.kemkes.go.id/baca/umum/20180428/5625737/berikan-anak-imunisasi-rutin-lengkap-rinciannya/
https://doi.org/10.1016/S0140-6736%2821%2900984-3
http://www.ncbi.nlm.nih.gov/pubmed/34273291
https://www.who.int/health-topics/vaccines-and-immunization#tab=tab_1
https://www.who.int/health-topics/vaccines-and-immunization#tab=tab_1
https://doi.org/10.7717/peerj.15199
http://www.ncbi.nlm.nih.gov/pubmed/37214093
https://doi.org/10.1371/journal.pone.0311362

PLOS ONE

Seroprevalence of Bordetella pertussis infection in Indonesia

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Kementerian Kesehatan RI. Profil Kesehatan Indonesia 2018 [Internet]. 2018. [cited 2023 Jul 12]. Avail-
able from: https://www.kemkes.go.id/id/profil-kesehatan-indonesia-2018

Kementerian Kesehatan RI. Riset Kesehatan Dasar. Riskesdas 2013 [Internet]. 2013. [cited 2023 Jul
12]. Available from: https://repository.badankebijakan.kemkes.go.id/id/eprint/4467/1/Laporan_
riskesdas_2013_final.pdf

Kementerian Kesehatan RI. Laporan Nasional Riskesdas 2018 [Internet]. 2018. [cited 2023 Jul 12].
Available from: https://repository.badankebijakan.kemkes.go.id/id/eprint/3514/1/Laporan Riskesdas
2018 Nasional.pdf

Kementerian Kesehatan Rl. Peraturan Menteri Kesehatan Republik Indonesia Nomor 53 Tahun 2015
Tentang Penanggulangan Hepatitis Virus [Internet]. 2015. [cited 2023 Jul 12]. Available from: https://
regulasi.bkpk.kemkes.go.id/detail/fa048fe1-ea4d-4f73-9e83-c978155d0a7e/unduh/

Gunardi H, Kartasasmita CB, Rezeki Hadinegoro SS, Irawan Satari H, Oswari H, Pusponegoro HD,

et al. Jadwal Imunisasi Anak Usia 0—18 tahun: Rekomendasi lkatan Dokter Anak Indonesia. Sari
Pediatr [Internet]. 2017; 18(5):417-22. [cited 2023 Jul 13]. Available from: https://saripediatri.org/index.
php/sari-pediatri/article/view/1120/pdf_1

Kementerian Kesehatan RI. Peraturan Menteri Kesehatan Republik Indonesia No 2 tahun 2020 Ten-
tang Standar Antropometri Anak. [Internet]. 2020. [cited 2023 Jun 13]. Available from: https://peraturan.
bpk.go.id/Details/152505/permenkes-no-2-tahun-2020

WHO. Training Course on Child Growth Assessment. WHO Child Growth Standard [Internet]. WHO
Press; 2008. [cited 2023 Jun 13]. Available from: https://apps.who.int/iris/bitstream/handle/10665/
43601/9789241595070_C_eng.pdf?sequence=3&isAllowed=y

WHO. Body mass inder-for-age (BMI-for-age) [Internet]. 2023. [cited 2023 Jul 12]. Available from:
https://www.who.int/toolkits/child-growth-standards/standards/body-mass-index-for-age-bmi-for-age

Kementerian Kesehatan RI. Pemerintah Optimis KLB Difteri Bisa Diatasi [Internet]. 2018. [cited 2023
May 7]. Available from: https://sehatnegeriku.kemkes.go.id/baca/umum/20180113/1524310/
pemerintah-optimis-klb-difteri-teratasi/

Tosepu R, Gunawan J, Effendy DS, Ahmad LOAI, Farzan A. Letter to the editors The outbreak of diph-
theria in Indonesia. Pan Afr Med J. 2018; 31(249):1-5. https://doi.org/10.11604/pamj.2018.31.249.
16629 PMID: 31448005

Husada D, Puspitasari D, Kartika L, Basuki PS, Ismoedijanto, Susanto H, et al. Outbreak response
immunization against diphtheria in East Java Province in Indonesia. In: Annual Meeting of the European
Society for Pediatric Infectious Disease, di Ljubjana, Slovenia, Slovenia [Internet]. 2019. [cited 2023 Jul
20]. Available from: https://repository.unair.ac.id/115100/

Pereira A, Pereira AS Pietro, Silva CL, Rocha GDM, Lebrun |, Anna OAS, et al. Antibody Response
from Whole-Cell Pertussis Vaccine Immunized Brazilian Children against Different Strains of Bordetella
pertussis. Am J Trop Med Hyg. 2010; 82(4):678-82. https://doi.org/10.4269/ajtmh.2010.09-0486 PMID:
20348518

Wanlapakorn N, Ngaovithunvong V, Thongmee T. Seroprevalence of Antibodies to Pertussis Toxin
among Different Age Groups in Thailand after 37 Years of Universal Whole- Cell Pertussis Vaccination.
PLoS One. 2016;1-9. https://doi.org/10.1371/journal.pone.0148338 PMID: 26837004

He H, Yao P, Zhou Y, Deng X, Pan J. Is Pertussis Infection Neglected in China? Evidence from a Seroe-
pidemiology Survey in Zhejiang, an Eastern Province of China. PLoS One. 2016; 169:1-9. https://doi.
org/10.1371/journal.pone.0155965 PMID: 27223467

Havers FP, Moro PL, Hariri S, Skoff T. Epidemiology and Prevention of Vaccine-Preventable Diseases
Pertussis. In: Pink Book [Internet]. 2021. p. 239-254. [cited 2024 Jan 24]. Available from: Available:
https://www.cdc.gov/vaccines/pubs/pinkbook/downloads/pert.pdf

Craig R, Kunkel E, Crowcroft NS, Fitzpatrick MC, DeMelker H, Althouse BM, et al. Asymptomatic Infec-
tion and Transmission of Pertussis in Households: A Systematic Review. Clin Infect Dis. 2020; 70
(1):152-61. https://doi.org/10.1093/cid/ciz531 PMID: 31257450

WHO. Pertussis Vaccines: WHO position paper—September 2015 Background [Internet]. Weekly Epi-
demiological Record, Vol. 90.2015. p. 433-58. [cited 2024 Jan 20]. Available from: https://cdn.who.int/
media/docs/default-source/immunization/position_paper_documents/pertussis/pertussis-pp-2015-
summary.pdf

Zhang Z, Pan J, Chen M, Zhang T, Li J, Lu L. Seroepidemiology of pertussis in China: A population-
based, crosssectional study. Vaccine. 2021; 19(39(12)):1687-92. https://doi.org/10.1016/j.vaccine.
2021.02.032 PMID: 33642160

Kibreab F, Lewycka S, Tewelde A. Impact of mother’s education on full immunization of children aged
12-23 months in Eritrea: Population and health survey 2010 data analysis. BMC Public Health. 2020;
20(1):1-10. https://doi.org/10.1186/s12889-020-8281-0 PMID: 32087706

PLOS ONE | https://doi.org/10.1371/journal.pone.0311362 September 30, 2024 14/15


https://www.kemkes.go.id/id/profil-kesehatan-indonesia-2018
https://repository.badankebijakan.kemkes.go.id/id/eprint/4467/1/Laporan_riskesdas_2013_final.pdf
https://repository.badankebijakan.kemkes.go.id/id/eprint/4467/1/Laporan_riskesdas_2013_final.pdf
https://repository.badankebijakan.kemkes.go.id/id/eprint/3514/1/Laporan
https://regulasi.bkpk.kemkes.go.id/detail/fa048fe1-ea4d-4f73-9e83-c978155d0a7e/unduh/
https://regulasi.bkpk.kemkes.go.id/detail/fa048fe1-ea4d-4f73-9e83-c978155d0a7e/unduh/
https://saripediatri.org/index.php/sari-pediatri/article/view/1120/pdf_1
https://saripediatri.org/index.php/sari-pediatri/article/view/1120/pdf_1
https://peraturan.bpk.go.id/Details/152505/permenkes-no-2-tahun-2020
https://peraturan.bpk.go.id/Details/152505/permenkes-no-2-tahun-2020
https://apps.who.int/iris/bitstream/handle/10665/43601/9789241595070_C_eng.pdf?sequence=3&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/43601/9789241595070_C_eng.pdf?sequence=3&isAllowed=y
https://www.who.int/toolkits/child-growth-standards/standards/body-mass-index-for-age-bmi-for-age
https://sehatnegeriku.kemkes.go.id/baca/umum/20180113/1524310/pemerintah-optimis-klb-difteri-teratasi/
https://sehatnegeriku.kemkes.go.id/baca/umum/20180113/1524310/pemerintah-optimis-klb-difteri-teratasi/
https://doi.org/10.11604/pamj.2018.31.249.16629
https://doi.org/10.11604/pamj.2018.31.249.16629
http://www.ncbi.nlm.nih.gov/pubmed/31448005
https://repository.unair.ac.id/115100/
https://doi.org/10.4269/ajtmh.2010.09-0486
http://www.ncbi.nlm.nih.gov/pubmed/20348518
https://doi.org/10.1371/journal.pone.0148338
http://www.ncbi.nlm.nih.gov/pubmed/26837004
https://doi.org/10.1371/journal.pone.0155965
https://doi.org/10.1371/journal.pone.0155965
http://www.ncbi.nlm.nih.gov/pubmed/27223467
https://www.cdc.gov/vaccines/pubs/pinkbook/downloads/pert.pdf
https://doi.org/10.1093/cid/ciz531
http://www.ncbi.nlm.nih.gov/pubmed/31257450
https://cdn.who.int/media/docs/default-source/immunization/position_paper_documents/pertussis/pertussis-pp-2015-summary.pdf
https://cdn.who.int/media/docs/default-source/immunization/position_paper_documents/pertussis/pertussis-pp-2015-summary.pdf
https://cdn.who.int/media/docs/default-source/immunization/position_paper_documents/pertussis/pertussis-pp-2015-summary.pdf
https://doi.org/10.1016/j.vaccine.2021.02.032
https://doi.org/10.1016/j.vaccine.2021.02.032
http://www.ncbi.nlm.nih.gov/pubmed/33642160
https://doi.org/10.1186/s12889-020-8281-0
http://www.ncbi.nlm.nih.gov/pubmed/32087706
https://doi.org/10.1371/journal.pone.0311362

PLOS ONE

Seroprevalence of Bordetella pertussis infection in Indonesia

34.

35.

36.

37.

38.

39.

40.

41.

42,

Kundu S, Kundu S, Banna MHAI, Ahinkorah BO, Seidu AA, Okyere J. Prevalence of and factors associ-
ated with childhood diarrhoeal disease and acute respiratory infection in Bangladesh: an analysis of a
nationwide cross-sectional survey. BMJ Open. 2022; 12(4):1-13. https://doi.org/10.1136/bmjopen-
2021-051744 PMID: 35387807

Moriuchi T, Otsuka N, Hiramatsu Y, Shibayama K, Kamachi K. A high seroprevalence of antibodies to
pertussis toxin among Japanese adults: Qualitative and quantitative analyses. PLoS One. 2017; 12
(7):1-13. https://doi.org/10.1371/journal.pone.0181181 PMID: 28700751

Kilgore PE, Salim AM, Zervos MJ, Schmitt H josef. Pertussis: Microbiology, Disease, Treatment, and
Prevention. Clin Microbiol Rev. 2016; 29(3). https://doi.org/10.1128/cmr.00083-15 PMID: 27029594

Efendiyeva E, Kara TT, Erat T, Yahsi A, Karbuz A, Kocabas BA, et al. The incidence and clinical effects
of bordetella pertussis in children hospitalized with acute bronchiolitis. Turk J Pediatr. 2020; 62(5):726—
33. https://doi.org/10.24953/turkjped.2020.05.003 PMID: 33108074

Mina MJ, Burke RM, Klugman KP. Estimating the prevalence of coinfection with influenza virus and the
atypical bacteria Bordetella pertussis, Chlamydophila pneumoniae, and Mycoplasma pneumoniae. Eur
J Clin Microbiol Infect Dis. 2014; 33(9):1585-9. https://doi.org/10.1007/s10096-014-2120-0 PMID:
24789653

Redford PS, Mayer-Barber KD, McNab FW, Stavropoulos E, Wack A, Sher A, et al. Influenza A virus
impairs control of mycobacterium tuberculosis coinfection through a type i interferon receptor-depen-
dent pathway. J Infect Dis. 2014; 209(2):270—4. https://doi.org/10.1093/infdis/jit424 PMID: 23935205

Blanchard-Rohner G, Eberhardt C. Review of maternal immunisation during pregnancy: focus on per-
tussis and influenza. Swiss Med WKkly. 2017; 147(October):w14526. https://doi.org/10.4414/smw.2017.
14526 PMID: 29120017

Fernandez-Cano M, Arreciado Maraiion A, Reyes-Lacalle A, Feijoo-Cid M, Manresa-Dominguez JM,
Montero-Pons L, et al. Influenza and Pertussis Maternal Vaccination Coverage and Influencing Factors
in Spain: A Study Based on Primary Care Records Registry. Int J Environ Res Public Health. 2022; 19
(7):1-13. https://doi.org/10.3390/ijerph19074391 PMID: 35410075

Barger-kamate B, Knoll D, Kagucia EW, Prosperi C, Baggett HC, Brooks WA, et al. Pertussis-Associ-
ated Pneumonia in Infants and Children From Low- and Middle-Income Countries Participating in the
PERCH Study. Clin Infect Dis. 2016; 63(Suppl 4):187-96. https://doi.org/10.1093/cid/ciw546 PMID:
27838672

PLOS ONE | https://doi.org/10.1371/journal.pone.0311362 September 30, 2024 15/15


https://doi.org/10.1136/bmjopen-2021-051744
https://doi.org/10.1136/bmjopen-2021-051744
http://www.ncbi.nlm.nih.gov/pubmed/35387807
https://doi.org/10.1371/journal.pone.0181181
http://www.ncbi.nlm.nih.gov/pubmed/28700751
https://doi.org/10.1128/cmr.00083-15
http://www.ncbi.nlm.nih.gov/pubmed/27029594
https://doi.org/10.24953/turkjped.2020.05.003
http://www.ncbi.nlm.nih.gov/pubmed/33108074
https://doi.org/10.1007/s10096-014-2120-0
http://www.ncbi.nlm.nih.gov/pubmed/24789653
https://doi.org/10.1093/infdis/jit424
http://www.ncbi.nlm.nih.gov/pubmed/23935205
https://doi.org/10.4414/smw.2017.14526
https://doi.org/10.4414/smw.2017.14526
http://www.ncbi.nlm.nih.gov/pubmed/29120017
https://doi.org/10.3390/ijerph19074391
http://www.ncbi.nlm.nih.gov/pubmed/35410075
https://doi.org/10.1093/cid/ciw546
http://www.ncbi.nlm.nih.gov/pubmed/27838672
https://doi.org/10.1371/journal.pone.0311362

