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Background: To date, the primary global concern has revolved around addressing the COVID-19 pandemic. However, there is
a growing awareness of the pandemic’s secondary impacts on critical aspects of healthcare, such as childhood immunization programs.
Objective: This study aims to assess the impact of the COVID-19 pandemic on childhood immunization programs in Indonesia, with
a specific focus on performance disparities between rural and urban areas. It considers factors like access, utilization, and program
workload.

Methods: Data were collected from primary health cares (PHCs) in two regions in West Java Province, Indonesia, representing rural
and urban areas. A descriptive analysis was conducted to compare vaccination coverage, drop-out rates, and the ratio of vaccinators
per dose from 2019 to 2021 in 40 and 22 PHCs for rural and urban areas, respectively. A general linear model was employed to
evaluate the differences in these parameters over the three consecutive years.

Results: The results indicate fluctuations in vaccine coverage over the three years, with the most significant impact observed in 2020,
particularly in rural areas. Statistical analysis revealed a significant difference in routine immunization coverage, drop-out rates, and
vaccinator ratios between rural and urban areas from 2019 to 2021 (p<0.05). In 2021, both rural and urban areas displayed significant
differences in performance parameters for routine immunization and COVID-19 vaccination (p<0.05), except in terms of coverage for
IPV and COVID-19 vaccination.

Conclusion: The study highlights a reduction in routine immunization coverage during the pandemic, a concerning issue that
increases the risk of vaccine-preventable diseases, particularly in rural areas.
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Introduction
The SARS-CoV-2 virus, which causes COVID-19, is primarily transmitted through airborne particles and droplets
released from an infected person’s mouth or nose during activities like coughing, sneezing, speaking, singing, or
breathing.! These particles can carry the virus and infect others, particularly in confined spaces with poor
ventilation.'? The virus primarily spreads through close contact, and there is a risk of airborne transmission when
infectious droplets are inhaled or come into contact with the eyes, nose, or mouth.' To mitigate this risk, it is crucial to
enhance indoor air quality and ventilation. Recommended preventive measures include vaccination, social distancing,
and maintaining high personal hygiene standards.”

However, to date, extensive research and development efforts have been undertaken to combat COVID-19. This
includes the application of artificial intelligence, which has the potential to revolutionize travel medicine by providing
accurate, tailored, and up-to-date health information to both travelers and healthcare providers,4 Furthermore, continuous
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advancements in the development of COVID-19 vaccines, utilizing mRNA, heterologous prime-boost vaccine regimens,
and nanovaccines, aim to improve the stability of vaccine components, enhance the immune response, and enable precise
delivery to specific cells.”™

The global impact of the COVID-19 pandemic has had profound consequences for healthcare systems and public
health programs worldwide.” While the primary focus understandably revolves around addressing the unique challenges
posed by the coronavirus, there is an increasing recognition of the pandemic’s secondary impacts on critical aspects of
healthcare, including routine childhood immunization programs.'® In March 2020, Indonesia reported its first case of
COVID-19, and the pandemic has significantly disrupted routine immunization programs.'®'! Most healthcare facilities
have experienced interruptions in their regular services as resources were redirected to prioritize COVID-19 treatment
and prevention efforts.'? Data reveals a concerning trend: vaccination coverage for measles, rubella, diphtheria, pertussis,
and tetanus has dropped by up to 35% in Indonesia compared to the previous year."?

Traditionally, immunization programs have been the cornerstone of public health, substantially reducing the burden of
vaccine-preventable diseases among children.'* However, the disruptions these programs have encountered could
potentially reverse decades of progress, raising concerns about the resurgence of preventable diseases and the health
risks faced by millions of Indonesian children.'%'>

Despite the decline in routine immunization due to the pandemic, the availability of both routine and COVID-19 vaccines
in healthcare services, especially in primary healthcare, could become a significant issue due to the lack of cold storage.'®
Additionally, the availability of vaccinators may present a challenge in various healthcare settings, both in urban and rural
areas.'”'® This study aims to shed light on the repercussions of the COVID-19 pandemic on Indonesia’s childhood
immunization programs, with a particular emphasis on performance disparities in rural and urban locales, taking into account
factors such as access, utilization, and the workload of the vaccination program. This research could contribute to exploring
disparities and evaluating implications for public health policy and planning in the post-pandemic era.

Methods

This study focuses on West Java, Indonesia’s most populous province, and employs two districts to represent both urban
and rural areas. These districts are equipped with 33 and 47 primary healthcare units (PHCs) for urban and rural regions,
adhering to the standard ratio of one PHC for every 1000 individuals. Our data collection involved gathering information
from 22 PHCs in urban areas and 40 PHCs in rural areas. This data includes details such as the target population of
infants under one year old, the doses of administered vaccines, which encompass Bacillus Calmette-Guérin (BCG),
Hepatitis B (Hep-B), Pentavalent (Diphtheria, Pertussis, Tetanus, Hepatitis B, and Hib), Polio (OPV/Oral Poliovirus
Vaccines), Measles-Rubella (MR), Inactivated Polio Vaccine (IPV), and COVID-19 vaccines. We also collected data on
the number of vaccinators and the hours of vaccination services provided at each public health center.

To assess the impact of the COVID-19 pandemic on routine childhood immunization programs, we conducted an
assessment spanning from 2019 to 2021, taking into account the introduction of the COVID-19 vaccination program in
2021. Our evaluation focused on three key parameters: access, utilization, and workload within the vaccination program.
These parameters were evaluated through immunization coverage, drop-out rates, and the ratio of administered doses per
vaccinator. Immunization coverage assessed access, drop-out rates measured utilization, and the ratio of administered
doses per vaccination determined workload.

Immunization coverage was calculated by considering the number of administered doses in relation to the target
population. Drop-out rates were derived by comparing the number of infants who began the immunization schedule with
those who successfully completed it. The ratio of administered doses per vaccinator was established by dividing the
number of doses administered daily by the count of trained vaccinators.

We conducted a descriptive analysis to compare three key parameters: coverage, drop-out rates, and the ratio of
vaccinators. To assess the differences in these parameters in 2021 and their association with the COVID-19 vaccination
program, we conducted an ANOVA test. Furthermore, a general linear model was employed to investigate variations in
these parameters over the course of three consecutive years. The significance threshold for all analyses was set at p < 0.05.

Furthermore, we conducted a descriptive gap analysis to understand the disparities in access, utilization, and work-
load both before and during the COVID-19 pandemic. We categorized these parameters based on specific thresholds in
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line with WHO guidelines.'® For access and utilization, we considered an immunization coverage of 70% as the
threshold, where less than 70% denoted poor access and over 70% signified good access. Similarly, a drop-out rate of
10% served as the threshold, with over 10% indicating poor utilization and less than 10% indicating good utilization.

Regarding workload, a ratio of administered doses per vaccinator at 30:1 was the threshold, with over 30:1 indicating
poor workload and below 30:1 indicating good workload. However, for the COVID-19 vaccination program, we applied
a different threshold for the ratio of administered doses per vaccinator, setting it at 70:1, with over 70:1 indicating poor
workload and below 70:1 indicating good workload. All statistical analyses were carried out using the Statistical Package
for Social Sciences (SPSS) 27 software provided by SPSS Inc. in Chicago, IL, United States.

Results

The selected areas have populations of 716,155 and 1,865,203 for the rural and urban areas, respectively. Each area
covers immunization for a range of 100-1500 and 200—1000 infants in the rural and urban areas, respectively. In terms of
COVID-19 cases, the rural area reported 6663 cases, while the urban area reported 11,937 cases.

The analysis of vaccine data across various vaccine types in rural and urban regions for the years 2019, 2020, and 2021
reveals some noteworthy trends (see Table 1). Notably, the BCG vaccine experienced a decrease in rural coverage, dropping from
95.46% in 2019 to 88.59% in 2021, alongside a significant rise in dropout rates. In contrast, urban areas saw a modest increase in
BCG vaccine coverage, but the rate of individuals discontinuing immunization remained relatively stable The ratios of
vaccinators to doses remained consistent in both rural and urban settings. Similarly, the polio vaccine displayed a consistent
pattern of immunization coverage and dropout rates across both rural and urban areas over the specified timeframe.

Shifting to MR vaccination, rural coverage exhibited a slight increase, rising from 91.45% in 2019 to 92.48% in 2021.
In contrast, urban regions experienced a notable decline, falling from 81.12% to 58.41%, accompanied by a significant
rise in dropout rates. The IPV vaccine coverage demonstrated significant fluctuations, dropping to 22.65% in rural areas
in 2020, followed by a subsequent increase to 93.55% in 2021. Urban areas showed a similar trend, with a decline to
48.83% in 2020, followed by a recovery to 91.01% in 2021. The pentavalent vaccine consistently maintained its coverage
and dropout rates in both rural and urban contexts. In 2021, the analysis of COVID-19 vaccination data highlighted
a significant urban coverage rate of 98.70% with a ratio of vaccinators per dose of 258.10.

A comparative analysis conducted in 2021 aimed to examine routine immunization and COVID-19 vaccination,
specifically focusing on vaccine type, coverage, drop-out rates, and the ratio of vaccinators to doses in both rural and
urban settings (Table 2). The findings revealed that urban regions consistently exhibited significantly higher coverage and
lower drop-out rates for BCG, Polio, Hepatitis B, MR, IPV, and Penta vaccinations. Furthermore, urban areas displayed
a significantly higher ratio of vaccinators to doses for these vaccines.

Conversely, in the case of the COVID-19 vaccination in 2021, higher coverage was observed in urban regions,
although this disparity did not yield statistically significant results. Notably, there was no substantial difference in the
drop-out rates for COVID-19 vaccination between rural and urban areas. However, a significant variation was observed
in the ratio of vaccinators to doses for COVID-19 vaccination between rural and urban areas.

A repeated measurement was performed to analyze the differences in coverage, drop-out rates, and the ratio of
vaccinators in routine immunization from 2019 to 2021 using a general linear model. The results showed significant
differences in these three variables with p<0.05 between urban and rural areas (Figure 1).

Then, we converted the vaccination coverage, drop-out rates, and ratio of vaccinators per dose into accessibility,
utilization, and workload based on the Ministry of Health guidelines (Figure 2). The results indicated that, in terms of
accessibility, COVID-19 immunization demonstrated nearly universal reach in rural regions, achieving a 100% coverage
rate. In contrast, urban areas maintained relatively stable accessibility levels, consistently hovering around 86-87%.
Conversely, routine immunization consistently exhibited better accessibility in rural areas.

Utilization rates for COVID-19 vaccination were found to be higher in rural areas compared to urban areas, with
respective rates of 0.68 and 0.59. However, routine immunization consistently favored urban areas in terms of utilization.
Both rural and urban areas displayed consistent patterns regarding the workload associated with routine vaccination for
both programs. Nevertheless, COVID-19 immunization efforts in both regions showed a significant deficiency in terms of
workload management.
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Table | Mean Comparison of the Routine Vaccination Program

Type of Vaccine

Rural

Urban

Vaccine Coverage (%)

Drop-Out (%)

Ratio of Vaccinators per

Vaccine Coverage (%)

Drop-Out (%)

Ratio of Vaccinators Per

Doses Doses
2019 | 2020 | 2021 | 2019 | 2020 | 2021 2019 2020 2021 2019 | 2020 2021 | 2019 | 2020 | 2021 2019 2020 2021
BCG 9546 | 9491 | 8859 | 4.53 5.08 | I1.40 6.16 5.92 548 | 97.68 | 97.38 | 100.94 | 2.3l 2,66 | —0.94 4.13 4.00 3.84
OPV 9347 | 9425 | 9386 | 6.53 574 | 6.13 6.06 5.85 5.82 | 96.48 | 9589 | 101.64 | 3.51 0.04 | —1.64 4.08 3.95 3.89
Hep-B 91.88 | 9230 | 92.16 | 812 | 769 | 783 5.89 5.76 573 | 99.58 | 103.17 | 108.14 | 041 | —0.03 | -8.13 4.20 424 4.10
MR 9145 | 91.60 | 9248 | 854 | 839 | 75I 5.93 5.72 575 | 81.12 | 69.63 5841 | 18.87 0.30 | 41.58 4.06 3.63 3.69
IPV 74.13 | 22.65 | 93.55 | 25.86 | 77.34 | 6.44 4.79 1.38 548 | 84.64 | 48.83 91.01 | 15.35 0.51 8.98 3.51 1.89 3.46
Penta 9524 | 9440 | 9285 | 457 | 559 | 7.15 6.16 5.87 5.75 | 96.05 9532 | 10111 3.94 0.04 | —I.11 4.07 3.93 3.88
COVID-19 N/A N/A | 98.70 N/A | N/A 1.30 N/A N/A 258.10 N/A N/A | 9340 | N/A N/A 6.59 N/A N/A 186.80

Abbreviations: BCG, Bacillus Calmette-Guérin; OPV, Oral Polio Vaccine; Hep-B, Hepatitis B; MR, Measles-Rubella; IPV, Inactivated Polio Vaccine; Penta, Pentavalent (Diphtheria, Pertussis, Tetanus, Hepatitis B and Hib), N/A, Not

Available.
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Table 2 Average Differences Between Routine Vaccination Programs and COVID-19 Vaccination Initiatives in Rural and Urban

Regions
Type of Vaccine Coverage Drop-Out Ratio of Vaccinators Per Doses
95% CI p-value 95% CI p-value 95% CI p-value
Rural Urban Rural Urban Rural Urban

BCG 83.70-93.47 96.51-105.37 0.001* 6.52-16.29 —5.37-3.48 0.001* 4.83-6.14 325443 0.001*
Polio 89.97-97.76 97.82-105.46 0.010* 2.23-10.08 —5.46-2.17 0.010% 5.18-6.46 3.26-4.53 <0.001*
Hep-B 88.26-96.06 | 103.23-113.03 | <0.001* 3.93-11.73 | —13.03— (-3.23) | <0.001* 5.07-6.38 3.48-4.72 0.002*
MR 87.97-96.98 45.95-70.87 | <0.001* 3.01-12.02 29.12-54.04 | <0.001* 5.09-6.04 3.09-4.34 <0.001*
IPV 85.49-101.61 83.47-98.56 0.675 | —1.61-14.50 1.44-16.52 0.675 5.04-5.92 2.91-4.00 <0.001*
Penta 88.69-97.00 97.00-105.23 0.011* 2.99-11.30 —-5.23-2.99 0.011* 5.11-3.23 6.38-4.52 <0.001*
COVID-19 93.89-103.50 84.32-102.49 0.249 —-3.50-6.10 —2.49-15.67 0.249 | 258.09-320.30 | 164.05-209.53 <0.001*

Note: *Significant (p<0.05).
Abbreviations: BCG, Bacillus Calmette-Guérin; OPV, Oral Polio Vaccine; Hep-B, Hepatitis B; MR, Measles-Rubella; IPV, Inactivated Polio Vaccine; Penta, Pentavalent
(Diphtheria, Pertussis, Tetanus, Hepatitis B and Hib).

Discussion

This study focuses on the performance of routine vaccination before and during the COVID-19 pandemic. The results
indicate fluctuations in vaccination coverage and drop-out rates from 2019 to 2021. However, there was an improvement
in 2021 when the COVID-19 vaccine was introduced. One significant challenge for the COVID-19 vaccine is the ratio of
vaccinators per dose administered, as this vaccine targets a broader population spanning all age groups.

The COVID-19 pandemic has drawn attention to concerns about the accessibility of routine immunization services.*’
According to a previous study, at least 80 million children under the age of one are at risk of diseases like diphtheria,
measles, and polio due to disruptions in routine vaccination caused by COVID-19.?! Vaccine coverage declined in all
regions, with the East Asia and Pacific region experiencing the most significant drop in DTP3 coverage, decreasing by
nine percentage points in just two years.”> Additionally, a study conducted in India found that immunization coverage
was lower in COVID-affected children compared to unaffected children, ranging from a 2% decrease for BCG and
hepBO to a 9% decrease for the measles-containing vaccine 1 (MCV1).*

Our study findings indeed show a decrease in coverage, which is correlated with an increase in drop-out rates in
routine immunization, with a significant difference over three consecutive years between rural and urban areas. The
challenges in rural areas are particularly evident due to limited healthcare infrastructure.® Individuals living in
geographically isolated areas face difficulties accessing vaccination centers, primarily due to the reduced availability
of public transportation services and the significant distances separating them from healthcare facilities.***> On the other
hand, urban regions derive advantages from enhanced accessibility to immunization services, owing to the presence of
more concentrated healthcare facilities and improved transportation systems.** The increased availability of vaccination
locations in urban areas has the potential to positively impact vaccine coverage rates.

Moreover, the shortage of vaccinators has disrupted immunization services, leading to clinic closures and the
suspension of outreach services.”® This has made it challenging for people to access immunization services, resulting
in a decline in immunization rates.”*’ Our study reveals a higher ratio of vaccinators per dose in rural areas compared to
urban areas for COVID-19 vaccination. This is primarily because there are fewer healthcare workers available to
administer vaccines, especially considering that COVID-19 vaccines are administered to people of all age groups.
Similar to a previous study in Colombia,*® the pandemic’s impact on the shortage of human resources, including
vaccinators, has affected routine immunization coverage, with rural populations being the most affected.

Several factors must be considered as determinants for the declining performance of routine vaccination programs
during the pandemic.”® These factors include disruptions in the supply chain, lockdown measures, and reduced
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Figure 2 Access, utilization, and workload score of PHCs between (a) rural and (b) urban area.

availability of medical staff, which led to the temporary suspension of vaccination services at the peak of the COVID-19
pandemic.?*** Consequently, this suspension has contributed to the recent decline in routine immunization coverage.

Furthermore, Indonesia’s healthcare system encountered difficulties such as strained resources, limited healthcare
infrastructure, and disparities across different regions, influencing the country’s COVID-19 response.’” The integration of
COVID-19 and routine childhood vaccination resulted in more children receiving routine immunizations, but it was not
without challenges, as reports of vaccine refusals surfaced.’! In addition, a study analyzed the declining coverage of the
co-production system in Posyandu health services during the COVID-19 pandemic, potentially affecting routine child-
hood immunization programs.*>

Moreover, vaccine hesitancy can also be identified as a significant reason for the low uptake of vaccinations.>> While
a previous study indicated that parents had good knowledge, attitude, and practice during the COVID-19 pandemic,**
according to the Ministry of Health, half of the parents and caregivers surveyed expressed hesitancy in bringing their
children to healthcare facilities due to concerns about COVID-19 transmission and a lack of proper safety precautions.>”
The complex and unpredictable nature of the COVID-19 infection may have contributed to negative perceptions and
reluctance toward other essential healthcare services, including immunization services.

The Indonesian Ministry of Health has implemented three strategies to enhance routine immunization coverage,
underpinned by collaborative efforts across ministries, agencies, and sectors to reach children who may have missed
immunization in previous years.>® These collective endeavors are crucial for surmounting barriers to immunization
services in rural areas and ensuring the continuity of routine immunization programs, even amid a pandemic. Therefore,
it remains essential for countries to continually monitor immunization program coverage and disease outbreaks at both
the national and subnational levels. Alongside this, conducting catch-up vaccination activities is paramount to reducing
the risk of vaccine-preventable disease outbreaks, all while ensuring an adequate supply of vaccines and healthcare
personnel to maintain routine immunization programs in rural regions.

This study has several limitations. One significant constraint is that our data collection was confined to primary
healthcare facilities, excluding information from private healthcare services. This limitation could potentially introduce
bias into our findings. Therefore, our study might only offer a partial perspective on the ever-evolving impact of the
pandemic on vaccination efforts without delving deeply into the unique challenges encountered in both urban and rural
areas. Additionally, we narrowed the focus of this study to vaccination coverage, dropout rates, and workload. Despite
this, these variables remain essential when conducting a gap analysis between the standard immunization program and
the COVID-19 vaccination program.

However, our study also boasts notable strengths. For example, it is the first of its kind in the nation, and its results
will swiftly illustrate to relevant stakeholders the pandemic’s effects on the immunization program in both urban and

rural areas. These results can serve as a valuable baseline for monitoring the impact of future public health crises or
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vaccination campaigns on routine childhood immunization in Indonesia. Furthermore, the utilization of data from public
health facilities mirrors real-world healthcare settings, providing valuable insights into the actual experiences and
challenges faced by healthcare providers and recipients during the pandemic. These strengths enhance the credibility
and practical relevance of our study.

Conclusion

There are disruptions to the routine immunization program during the COVID-19 pandemic, with greater impact in rural
areas. Monitoring immunization program coverage and disease outbreaks at both the national and subnational levels is of
utmost importance for countries to mitigate the potential occurrence of vaccine-preventable disease outbreaks.
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