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Abstract

This study analyzes vaccination coverage trends across 34 provinces in Afghanistan from 2000 to 2024, using
data from the Institute for Health Metrics and Evaluation (IHME). Coverage rates for bacillus Calmette-
Guérin (BCG), diphtheria-tetanus-pertussis third dose (DTP3), measles-containing vaccine first dose
(MCV1), polio vaccine (three doses), pneumococcal conjugate vaccine third dose (PCV3), hepatitis B vaccine
third dose (HepB3), Haemophilus influenzae type b vaccine third dose (Hib3), and rotavirus vaccine (RotaC)
were assessed using the Kruskal-Wallis and Friedman tests. The Friedman test and Kruskal-Wallis H test
were used to assess significant differences in vaccination coverage trends across the 34 provinces in
Afghanistan from 2000 to 2024, enabling a comprehensive analysis of provincial and temporal trends.

A downward trend in vaccination coverage was observed during the COVID-19 pandemic and after
international aid limitations following the political change that occurred in Afghanistan in 2021. This
decline in coverage may be associated with disruptions in vaccine distribution during these critical periods.
Besides individual factors, vaccination adherence is influenced by health system factors, including vaccine
availability and accessibility.

The results of the Kruskal-Wallis and Friedman tests showed significant variability in vaccination coverage
trends across the 34 provinces from 2000 to 2024. These findings highlight the need for intensive efforts to
improve vaccination coverage in all 34 provinces to protect those most at risk.

Categories: Public Health
Keywords: access, afghanistan, coverage, lower-income countries, vaccine

Introduction

Vaccinations are a fundamental element in saving lives and reducing the burden of communicable diseases,
death, and disability among populations [1]. Although vaccines have markedly reshaped global health by
eradicating smallpox and reducing poliovirus incidence, vaccine coverage disparities continue to exist,
especially in lower- and middle-income countries [2,3]. Afghanistan faces challenges in achieving
widespread vaccination coverage due to limited funding, ongoing conflicts, inadequate health system
infrastructure, and poverty [4,5].

Multiple immunization programs have been implemented in Afghanistan to improve health outcomes
among vulnerable populations, particularly children under five, who represent the primary demographic [6].
Even with international aid, community participation, and government-led action, Afghanistan continues to
face multiple challenges, such as vaccine hesitancy, security-related service disruptions, and difficulties in
reaching remote provincial areas [7,8]. Variations in vaccine uptake across the country's 34 provinces, driven
by these factors, have led to uneven coverage. Vaccines are vital catalysts for public health transformation
and improvements in population well-being, helping to limit the spread of diseases such as measles, polio,
and hepatitis, which may result in mortality and morbidity [9]. Extensive vaccination controls diseases,
decreases the health burden, and improves workforce productivity [10].

Using data from the Institute for Health Metrics and Evaluation (IHME) provides a crucial opportunity to
conduct a comprehensive analysis of vaccine coverage trends across 34 provinces from 2000 to 2024. The
primary purpose of this research is to evaluate trends in the coverage of eight vaccines - bacillus Calmette-
Guérin (BCG), diphtheria-tetanus-pertussis third dose (DTP3), measles-containing vaccine first dose
(MCV1), polio vaccine (three doses), pneumococcal conjugate vaccine third dose (PCV3), hepatitis B vaccine
third dose (HepB3), Haemophilus influenzae type b vaccine third dose (Hib3), and rotavirus vaccine (RotaC) -
across Afghanistan’s provinces and over time from 2000 to 2024, a period marked by changes in Afghan
political structures, the health sector, and international support and assistance. In Afghanistan, vaccine-
preventable communicable diseases pose a threat to child health, quality of life, and survival. According to
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the World Health Organization, overall immunization coverage in Afghanistan remains low, with disparities
across the country, particularly between rural and urban areas and between secure and insecure zones
among children under five. The most vulnerable populations are those residing in hard-to-reach areas [11].

Mapping provincial disparities in vaccine coverage enables the Afghan health sector and international aid
organizations to target interventions more effectively and allocate resources where they are needed most.

Materials And Methods

The primary objective of this retrospective ecological analysis is to assess vaccine coverage trends across the
34 provinces of Afghanistan over time, from 2000 to 2024, using vaccination data collected by the

THME (https://www.healthdata.org/research-analysis/health-topics/vaccine-coverage). The study
investigates vaccinations in children less than one year old, including BCG, DTP3, MCV1, and polio vaccine
(three doses). Additional vaccines included PCV3, HepB3, Hib3, and RotaC.

The mean vaccination coverage for each vaccine type over the specified years at the provincial level was
used, and estimated infant populations were contextualized to estimate the proportion of young children
who received the vaccines. The purpose of this study is to highlight areas of need and potential
interventions to improve immunization coverage and health outcomes for infants and young children in
Afghanistan.

For this ecological analysis, vaccine coverage data were obtained from the IHME Nextcloud folder, which
provides comprehensive data for over 100 countries. A total of 850 available observations were downloaded
specifically for Afghanistan, including vaccine coverage data across 34 provinces from 2000 to 2024 for
DTP1, BCG, HepB3, Hib3, Polio3, RotaC, MCV1, PCV3, and DTP3. The data were then organized in IBM SPSS
Statistics for Windows, Version 28 (released 2021; IBM Corp., Armonk, NY, USA), with variables arranged to
assess coverage trends across the 34 provinces and temporal trends from 2000 to 2024. This structured
approach ensures the replicability of the analysis conducted in this study.

The IHME has developed a vaccine coverage mapping tool that uses survey data, primarily from the
Demographic and Health Surveys (DHS) and UNICEF Multiple Indicator Cluster Surveys (MICS), to provide
local vaccination patterns. The vaccination status mapping data are based primarily on children’s vaccine
cards, with parental recall used when cards are unavailable [12].

The production of vaccine coverage maps involves a multi-step mathematical modeling process that
combines data from various sources to improve predictive accuracy across countries and years. Initially, a set
of covariates, including population density, educational levels, and city access, is assembled from satellite
imagery [13]. An ensemble model is then used to analyze these covariates and vaccine coverage data to make
predictions in data-sparse areas. A geostatistical model is applied to correct for covariate inaccuracies, refine
predictions, and identify local structural patterns [14,15]. Finally, the maps are calibrated using national
vaccination data from the GBD study to ensure accuracy and reliability. Population estimates for children
younger than one year are produced by WorldPop by blending country-specific, bottom-up data with top-
down modeling and calibrating them to GBD national statistics [16].

The maps for BCG, DTP1, DTP3, MCV1, and Polio3 are regularly updated with new data and aim to reflect
vaccine doses administered through routine immunization (RI). Polio3 coverage indicates a three-dose
vaccine series in children who have received three doses of any polio vaccine (oral polio vaccine or
inactivated polio vaccine) and does not count extra doses received during supplementary immunization
activities (SIAs). DTP3 coverage is accurately estimated by directly modeling DTP1, while the DTP3-to-DTP1
ratio is also modeled to ensure that DTP1 coverage remains greater than or equal to DTP3 coverage, thereby
enabling accurate DTP3 coverage calculations.

The estimates for PCV3, HepB3, Hib3, and RotaC vaccines are updated annually to incorporate new data. To
produce subnational coverage estimates for these recently introduced vaccines, a spline-model approach is
used to account for the non-linear scale-up of vaccine coverage shortly after introduction. This modeling
uses the coverage of the established reference vaccine (DTP3 for PCV3, HepB3, Hib3, and RotaC; MCV1 for
MCV2) as a benchmark, ensuring that newer vaccine estimates remain consistent with established vaccine
performance. PCV3 and RotaC are modeled directly using DTP3 data, allowing the data to justify higher
adoption rates. A three-stage modeling approach is implemented to address data sparsity, incorporating
global trends into national and subnational estimates while maintaining flexibility in data-rich areas.

Results

The results of this study provide a detailed examination of trends in vaccination coverage over a 24-year
period across the 34 provinces of Afghanistan for the target population aged less than one year. With a
sample size of 850 observations, the data were obtained from the IHME. IBM SPSS Statistics (IBM Corp.) was
used for data analysis to assess the relationship between vaccination coverage trends from 2000 to 2024
using the Friedman test and Kendall’s Coefficient of Concordance (W) analyses. The Kruskal-Wallis test was
used to assess statistically significant differences in vaccination coverage trends among the 34 provinces of
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Afghanistan. These non-parametric statistical methods were selected for their suitability in analyzing
aggregated vaccination coverage data, specifically the mean values sourced from the IHME Nextcloud folder.

The Friedman test and the Kruskal-Wallis H test were used to assess the general trend in vaccination
coverage across the 34 provinces over time from 2000 to 2024. While the absence of repeated-measures
modeling may limit the ability to account for intra-provincial correlations and temporal trends, the
ecological nature of this analysis highlights broader patterns in vaccination coverage. The results highlight
disparities in vaccination coverage across the 34 provinces and provide valuable insights into the
effectiveness of vaccination programs from 2000 to 2024.

The Kruskal-Wallis test was used to analyze differences in vaccination coverage for eight vaccines across the
34 provinces of Afghanistan. The results indicated that DTP1, BCG, Hepatitis B3, Hib3, Polio3, MCV1, and
DTP3 showed significant variation (p < 0.001) across provinces, whereas PCV3 and rotavirus showed p-
values of 0.754 and 1.000, respectively, indicating no significant differences (Table ).

Vaccine DTP1 BCG HepB3 Hib3 PCV3 Polio3 RotaC MCV1 DTP3
Kruskal-Wallis H 216.15 310.046 125.392 91.381 27.136 195.815 5.74 402.614 190.674
df 33 33 33 33 33 33 33 33 33
p-value <0.001 <0.001 <0.001 <0.001 0.754 <0.001 1 < 0.001 < 0.001

TABLE 1: Comparison of Vaccination Coverage Across 34 Provinces of Afghanistan Using the
Kruskal-Wallis H Test

This table presents the results of the Kruskal-Wallis H test assessing differences in vaccination coverage for bacillus Calmette-Guérin (BCG), the third
dose of diphtheria-tetanus-pertussis (DTP3), the first dose of measles-containing vaccine (MCV1), and the three-dose polio vaccine (Polio3), the third
dose of the pneumococcal conjugate vaccine (PCV3), the third dose of the hepatitis B vaccine (HepB3), the third dose of the Haemophilus influenzae type
b vaccine (Hib3), and the rotavirus vaccine (RotaC) across the 34 provinces of Afghanistan. Kruskal-Wallis H values indicate the test statistic for each
vaccine; (df) denotes degrees of freedom, and p-values indicate statistical significance. A p-value of < 0.001 indicates a statistically significant difference in
coverage, whereas p-values of 0.754 and 1.000 indicate no significant difference in vaccine coverage for PCV3 and rotavirus, respectively.

Source: [16].

The Friedman test was conducted to determine whether there were significant differences in vaccine
coverage across the 34 provinces from 2000 to 2024. The results indicated a significant difference in the
rankings of the different vaccines, as evidenced by a chi-square statistic of 5692.166 (p < 0.001). The BCG
vaccine, 8.63 (21.61%), had the highest mean rank, indicating the highest coverage across the 34 provinces
from 2000 to 2024 among the vaccines assessed. In contrast, the RotaC had the lowest mean rank, 1.68
(4.21%), indicating lower coverage than the other vaccines.

Additionally, Kendall’s Coefficient of Concordance (W) was calculated to evaluate the degree of agreement
among vaccine coverage values, yielding a value of 0.837. This high value of Kendall’s W suggests a strong
level of concordance in vaccine coverage, further reinforcing the significant differences identified in the
Friedman test. A Bonferroni correction for multiple comparisons was used; the adjusted alpha level was set
at approximately 0.005. All vaccines exhibited p-values below this adjusted threshold, indicating that the
observed differences in vaccine coverage were statistically significant (Table 2).
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Vaccines
DTP1
BCG
HepB3
Hib3
Polio3
RotaC
MCV1
PCV3

DPT3

Rank

7.49

8.63

3.49

3.14

7.21

1.68

5.80

2.32

5.22

p-value
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001

Significant (Adjusted p < 0.00556)
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Percentage (%)
18.73

21.61

8.74

7.85

18.05

4.20

14.51

5.80

13.06

Other Statistics

Friedman Test N: 850

Chi-square: 5692.166

df: 8

Overall p-value: <0.001

Kendall’'s Coefficient of Concordance N: 850
Kendall's W: 0.837

Chi-square: 5692.166

df: 8

Overall p-value: <0.001

TABLE 2: Ranks and Statistical Analysis of Vaccination Coverage in Afghanistan

This table summarizes the vaccine ranks, coverage percentages, and statistical analysis results for various vaccines based on the Friedman test, with a
sample size of 850 observations. The data were obtained from the Institute for Health Metrics and Evaluation (IHME) and represent vaccination coverage
across different vaccines: first dose of diphtheria-tetanus-pertussis (DTP1), 7.49 (18.73%); bacillus Calmette-Guérin (BCG), 8.63 (21.61%); third dose of
hepatitis B vaccine (HepB3), 3.49 (8.74%); third dose of Haemophilus influenzae type b vaccine (Hib3), 3.14 (7.85%); three-dose polio vaccine (Polio3),

7.21 (18.05%); rotavirus vaccine (RotaC), 1.68 (4.21%); first dose of measles-containing vaccine (MCV1), 5.80 (14.51%); third dose of pneumococcal
conjugate vaccine (PCV3), 2.32 (5.80%); and third dose of diphtheria-tetanus-pertussis vaccine (DTP3), 5.22 (13.06%).

Based on the Friedman test, the chi-square value of 5692.166 with degrees of freedom (df = 8) indicates significant differences in vaccine coverage from

2000 to 2024, as shown by p < 0.001. Furthermore, Kendall's Coefficient of Concordance (W = 0.837), along with its associated chi-square value of

5692.166 and p < 0.001, indicates that variation in vaccine coverage from 2000 to 2024 was not random. A Bonferroni correction for multiple comparisons

was applied; the adjusted alpha level was set at approximately 0.005. All vaccines exhibited p-values below this adjusted threshold, indicating that the
observed differences in vaccine coverage were statistically significant.

Source: [16].

Furthermore, a line graph was used to illustrate the spatial coverage of DTP1, BCG, HepB3, Hib3, Polio3,
RotaC, MCV1, and PCV3 across the 34 provinces in Afghanistan from 2000 to 2024. The graph showed a
decline in vaccine coverage during the COVID-19 pandemic. Following the initial pandemic phase in 2021, a

continued downward trajectory in vaccine coverage was observed, indicating persistent challenges in
maintaining immunization programs (Figure I).
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FIGURE 1: Vaccine Coverage Across 34 Provinces of Afghanistan:
Trends From 2000 to 2024

This line graph presents a visual representation of vaccine coverage trends for bacillus Calmette-Guérin (BCG),
the third dose of diphtheria-tetanus-pertussis (DTP3), the first dose of measles-containing vaccine (MCV1), and
the three-dose polio vaccine (Polio3), the third dose of the pneumococcal conjugate vaccine (PCV3, introduced in
2013), the third dose of the hepatitis B vaccine (HepB3), the third dose of Haemophilus influenzae type b vaccine
(Hib3), and the rotavirus vaccine (RotaC, introduced in 2017), across the 34 provinces of Afghanistan from 2000 to
2024.

Source: [16].

Discussion

Vaccine access, availability challenges, and shortages in lower-income countries pose a threat to global
public health, worsening the spread of preventable diseases among at-risk populations [17,18]. Analyzing
provincial vaccine coverage trends over time is essential for identifying immunization gaps and optimizing
vaccine distribution to reduce morbidity and mortality related to vaccine-preventable diseases [19,20]. This
retrospective ecological analysis of provincial vaccine coverage trends across Afghanistan’s 34 provinces
over time, from 2000 to 2024, uses comprehensive datasets collected by the IHME. Comparing multi-year
and provincial data in Afghanistan highlights vaccine availability and shortages.

Vaccination coverage, plotted on a line graph across the 34 provinces from 2000 to 2024, declined during the
COVID-19 pandemic and after the political change, with international aid curtailed after 2021, warranting
further investigation. Similar patterns were observed in other lower-income countries such as Yemen,
Pakistan, and Bangladesh, as well as higher-income countries such as Sweden, the United States, and
Norway, where RI plummeted during the COVID-19 pandemic [21-24]. Globally, coverage declined between
2019 and 2021, reaching its lowest point since 2015; for example, DTP1 decreased from 90% to 86%, and
DTP3, MCV1, and Polio3 decreased from 86% to 81% [25]. According to the World Health Organization,
international aid reductions resulted in vaccination coverage dropping from approximately 70% in 2019 to
37% in 2021 for critical vaccines in Afghanistan [26]. These findings are consistent with other countries,
such as a systematic review of empirical evidence from 1985 to 2025, which indicated that armed conflicts
and political instability were associated with declines in childhood vaccination coverage [27].

Furthermore, Kruskal-Wallis and Friedman analyses show considerable variations in vaccination coverage
across vaccine types from 2000 to 2024, with differences observed across the 34 provinces, aligning with
trends observed in other low-income economies [28]. The DTP3 and BCG vaccines had statistically
significant differences in coverage across the provinces (Kruskal-Wallis H = 190.674 and 310.046, both p <
0.001). The Friedman test analysis of vaccine coverage indicates greater coverage for the BCG vaccine, with a
coverage rank of 8.63 (21.61%), and DTP1, 7.49 (18.73%), compared to the RotaC, 1.68 (4.21%), and PCV3,
2.32 (5.80%). These trends are consistent with observations reported in other low-income countries [28].
This discrepancy may be related to suboptimal public health campaigns and resource allocation toward
established versus newer vaccines [29].

In Afghanistan, the low uptake of newer vaccines can be due to limited public awareness and limited access,
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as similar patterns are seen in other lower-income countries [30]. These gaps have widened during the
COVID-19 pandemic and with a drop in international aid. Research has shown that funding from global
health initiatives significantly boosts vaccination coverage in lower-income regions [31]. According to
UNICEF in Afghanistan, vaccination interruptions have led to a spike in polio cases due to political
instability, a weakened health system, and population movement, highlighting the urgent need for effective
vaccination programs [32].

The Essential Program on Immunization has fundamentally altered the course of global health, contributing
to children’s survival, facilitating the elimination of diseases, and expanding public health infrastructure
[33]. Future research in this area needs to identify potential factors driving variation in vaccination across
Afghanistan’s 34 provinces to improve vaccination coverage among vulnerable populations.

Limitations of the study

In rural parts of Afghanistan over a two-decade period, accurate tracking of vaccine coverage is limited by
the possible lack of written immunization records, leading to reliance on verbal reports from parents. Recall
bias poses a high risk of misreporting true immunization coverage. Moreover, regional differences in data
collection methods in Afghanistan, including variation in vaccination card formats and availability, may lead
to discrepancies in reported data. In the last two decades, wars and conflicts in some parts have increased
security, logistical, and transportation challenges that raise concerns over the accurate assessment of
vaccine coverage. Targeting only the population under one year old can pose a limitation, as this age range
does not account for the timing of catch-up vaccinations. Using a low-resolution 5 x 5 km? mapping
approach may overlook considerable disparities in vaccination coverage in urban areas. This approach may
fail to capture meaningful differences between adjacent socioeconomically contrasting neighborhoods.
Furthermore, confounding factors may affect the accuracy of vaccine coverage estimates across the 34
provinces, such as parents’ socioeconomic status, level of education, and cultural beliefs regarding
childhood immunization. Future research is needed to consider these confounding factors to enhance the
reliability of findings. Finally, the study’s methodological limitations are due to its ecological nature, which
lacks individual-level data.

Conclusions

To summarize, vaccination coverage in Afghanistan from 2000 to 2024 showed considerable variability
across the nine vaccines assessed in this study and across the 34 provinces. Variation in vaccination
coverage may stem from several factors at the individual, health system, public health communication, and
logistical levels, which warrant further investigation. Future research should focus on identifying the root
causes of these disparities to inform area-based interventions across all provinces of Afghanistan.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Ahmad Khan, Melanie Tidman

Acquisition, analysis, or interpretation of data: Ahmad Khan, Melanie Tidman

Drafting of the manuscript: Ahmad Khan, Melanie Tidman

Critical review of the manuscript for important intellectual content: Ahmad Khan, Melanie Tidman

Supervision: Ahmad Khan, Melanie Tidman

Disclosures

Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Boccalini S: Value of vaccinations: a fundamental public health priority to be fully evaluated . Vaccines
(Basel). 2025, 13:50479. 10.3390/vaccines13050479

2026 Khan et al. Cureus 18(5): e109407. DOI 10.7759/cureus.109407 6 of 8


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.3390/vaccines13050479
https://dx.doi.org/10.3390/vaccines13050479

Cureus

Part of SPRINGER NATURE

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Greenwood B: The contribution of vaccination to global health: past, present and future . Philos Trans R Soc
Lond B Biol Sci. 2014, 369:433. 10.1098/rstb.2013.0433

Mendez-Lopez A, Hensman RD, Ding S, Park K: Economic inequalities in immunization coverage among
one-year-olds and coverage gains from closing the inequality gap in 10 low- and middle-income countries
in the Western Pacific region, 1994-2021. Vaccines (Basel). 2025, 13:1032. 10.3390/vaccines13101032
Wardak MF, Rahimi A, Lucero-Prisno DE 3rd, Miranda AV: Overcoming barriers to COVID-19 herd immunity
in Afghanistan. Public Health Chall. 2024, 3:e161. 10.1002/puh2.161

Sillab FA, Moghri ], Najar AV, Marvi A, Sana A, Naghipour M, Hooshmand E: Breaking barriers: a qualitative
study on polio vaccine hesitancy in Herat Province, Afghanistan. BMC Public Health. 2025, 25:2820.
10.1186/512889-025-23903-w

Mohammadyan GR, Nejadghaderi SA, Sharifi H, Gouya MM, Zahraei SM, Haghdoost A: Trends of routine
childhood vaccination status in Afghanistan over the last two decades (1999-2023). Trop Med Health. 2025,
53:149. 10.1186/s41182-025-00830-5

Bagcchi S: Infectious diseases in Afghanistan: a dismal scenario. Lancet Infect Dis. 2021, 21:1357.
10.1016/S1473-3099(21)00573-9

Nemat A, Bahez A, Salih M, et al.: Public willingness and hesitancy to take the COVID-19 vaccine in
Afghanistan. Am ] Trop Med Hyg. 2021, 105:713-7. 10.4269/ajtmh.21-0251

Shattock AJ, Johnson HC, Sim SY, et al.: Contribution of vaccination to improved survival and health:
modelling 50 years of the expanded programme on immunization. Lancet. 2024, 403:2307-16.
10.1016/S0140-6736(24)00850-X

Expanded program on immunization (EPI). (2026). Accessed: April 5, 2026:
https://www.emro.who.int/afg/programmes/epi.html.

Geospatial vaccine coverage. (2023). Accessed: March 10, 2026:
https://cloud.ihme.washington.edu/s/9zFHFLZsCojbnwi?dir=/Geospatial %20Vaccine%20Coverage.

Country report summary. (2023). Accessed: March 10, 2026:
https://cloud.ihme.washington.edu/s/9zFHFLZsCojbnwi?dir=/Geospatial Vaccine Coverage/Country Report
Summary PDFs&edit....

Wigley A, Lorin ], Hogan D, et al.: Estimates of the number and distribution of zero-dose and under-
immunised children across remote-rural, urban, and conflict-affected settings in low and middle-income
countries. PLOS Glob Public Health. 2022, 2:e0001126. 10.1371/journal.pgph.0001126

THME vaccine coverage. (2026). Accessed: March 10, 2026:
https://cloud.ihme.washington.edu/s/9zFHFLZsCojbnwi?dir=/Geospatial Vaccine

Coverage &editing=false &openfile=true.

Bondarenko M, Priyatikanto R, Tejedor-Garavito N, et al.: The Spatial Distribution of Population in 2015-
2030 at a Resolution of 30 Arc (Approximately 1km at the Equator) R2025A Version v1. University of
Southampton, 2025. 10.5258/SOTON/WP00845

Vaccine coverage. (2025). Accessed: March 10, 2026: https://www.healthdata.org/research-analysis/health-
topics/vaccine-coverage-data.

Moyazzem Hossain M, Abdulla F, Rahman A: Challenges and difficulties faced in low- and middle-income
countries during COVID-19. Health Policy Open. 2022, 3:100082. 10.1016/j.hpopen.2022.100082

Gleeson D, Townsend B, Tenni BF, Phillips T: Global inequities in access to COVID-19 health products and
technologies: a political economy analysis. Health Place. 2023, 83:103051.
10.1016/j.healthplace.2023.103051

Lakew G, Yirsaw AN, Getachew E, et al.: Spatial distribution of full immunization and associated factors
among children aged 12-23 months in Madagascar: a spatial and multilevel analysis. Sci Rep. 2026, 16:4589.
10.1038/s41598-025-34572-5

Scobie HM, Edelstein M, Nicol E, et al.: Improving the quality and use of immunization and surveillance
data: summary report of the Working Group of the Strategic Advisory Group of Experts on Immunization.
Vaccine. 2020, 38:7183-97. 10.1016/j.vaccine.2020.09.017

Dinleyici EC, Borrow R, Safadi MA, van Damme P, Munoz FM: Vaccines and routine immunization strategies
during the COVID-19 pandemic. Hum Vaccin Immunother. 2021, 17:400-7. 10.1080/21645515.2020.1804776
SeyedAlinaghi S, Karimi A, Mojdeganlou H, et al.: Impact of COVID-19 pandemic on routine vaccination
coverage of children and adolescents: a systematic review. Health Sci Rep. 2022, 5:e00516. 10.1002/hsr2.516
Shet A, Carr K, Danovaro-Holliday MC, et al.: Impact of the SARS-CoV-2 pandemic on routine immunisation
services: evidence of disruption and recovery from 170 countries and territories. Lancet Glob Health. 2022,
10:e186-94. 10.1016/S2214-109X(21)00512-X

Watson OJ, Barnsley G, Toor ], Hogan AB, Winskill P, Ghani AC: Global impact of the first year of COVID-19
vaccination: a mathematical modelling study. Lancet Infect Dis. 2022, 22:1293-302. 10.1016/51473-
3099(22)00320-6

Wang Q, Leung K, Jit M, Wu JT, Lin L: Global socioeconomic inequalities in vaccination coverage, supply,
and confidence. NP] Vaccines. 2025, 10:91. 10.1038/s41541-025-01143-8

Expanded program on immunization. (2026). Accessed: March 10, 2026:
https://www.emro.who.int/afg/programmes/epi.html.

Headley TY, Shay CW, Tozan Y: The impact of armed conflict on vaccination coverage: a systematic review
of empirical evidence from 1985 to 2025. Confl Health. 2025, 19:71. 10.1186/s13031-025-00708-7

Sadiq A, Khan J: Rotavirus in developing countries: molecular diversity, epidemiological insights, and
strategies for effective vaccination. Front Microbiol. 2023, 14:1297269. 10.3389/fmicb.2023.1297269

Lee B: Update on rotavirus vaccine underperformance in low- to middle-income countries and next-
generation vaccines. Hum Vaccin Immunother. 2021, 17:1787-802. 10.1080/21645515.2020.1844525

Ali HA, Hartner AM, Echeverria-Londono S, et al.: Vaccine equity in low and middle income countries: a
systematic review and meta-analysis. Int ] Equity Health. 2022, 21:82. 10.1186/512939-022-01678-5

Nnaji CA, Owoyemi AJ, Amaechi UA, Wiyeh AB, Ndwandwe DE, Wiysonge CS: Taking stock of global
immunisation coverage progress: the gains, the losses and the journey ahead. Int Health. 2021, 13:653-7.
10.1093/inthealth/ihz120

2026 Khan et al. Cureus 18(5): €109407. DOI 10.7759/cureus.109407

70f8


https://dx.doi.org/10.1098/rstb.2013.0433
https://dx.doi.org/10.1098/rstb.2013.0433
https://dx.doi.org/10.3390/vaccines13101032
https://dx.doi.org/10.3390/vaccines13101032
https://dx.doi.org/10.1002/puh2.161
https://dx.doi.org/10.1002/puh2.161
https://dx.doi.org/10.1186/s12889-025-23903-w
https://dx.doi.org/10.1186/s12889-025-23903-w
https://dx.doi.org/10.1186/s41182-025-00830-5
https://dx.doi.org/10.1186/s41182-025-00830-5
https://dx.doi.org/10.1016/S1473-3099(21)00573-9
https://dx.doi.org/10.1016/S1473-3099(21)00573-9
https://dx.doi.org/10.4269/ajtmh.21-0231
https://dx.doi.org/10.4269/ajtmh.21-0231
https://dx.doi.org/10.1016/S0140-6736(24)00850-X
https://dx.doi.org/10.1016/S0140-6736(24)00850-X
https://www.emro.who.int/afg/programmes/epi.html
https://www.emro.who.int/afg/programmes/epi.html
https://cloud.ihme.washington.edu/s/9zFHFLZsCojbnwi?dir=/Geospatial Vaccine Coverage
https://cloud.ihme.washington.edu/s/9zFHFLZsCojbnwi?dir=/Geospatial Vaccine Coverage
https://cloud.ihme.washington.edu/s/9zFHFLZsCojbnwi?dir=/Geospatial Vaccine Coverage/Country Report Summary PDFs&editing=false&openfile=true
https://cloud.ihme.washington.edu/s/9zFHFLZsCojbnwi?dir=/Geospatial Vaccine Coverage/Country Report Summary PDFs&editing=false&openfile=true
https://dx.doi.org/10.1371/journal.pgph.0001126
https://dx.doi.org/10.1371/journal.pgph.0001126
https://cloud.ihme.washington.edu/s/9zFHFLZsCojbnwi?dir=/Geospatial Vaccine Coverage&editing=false&openfile=true
https://cloud.ihme.washington.edu/s/9zFHFLZsCojbnwi?dir=/Geospatial Vaccine Coverage&editing=false&openfile=true
https://dx.doi.org/10.5258/SOTON/WP00845
https://dx.doi.org/10.5258/SOTON/WP00845
https://www.healthdata.org/research-analysis/health-topics/vaccine-coverage-data
https://www.healthdata.org/research-analysis/health-topics/vaccine-coverage-data
https://dx.doi.org/10.1016/j.hpopen.2022.100082
https://dx.doi.org/10.1016/j.hpopen.2022.100082
https://dx.doi.org/10.1016/j.healthplace.2023.103051
https://dx.doi.org/10.1016/j.healthplace.2023.103051
https://dx.doi.org/10.1038/s41598-025-34572-5
https://dx.doi.org/10.1038/s41598-025-34572-5
https://dx.doi.org/10.1016/j.vaccine.2020.09.017
https://dx.doi.org/10.1016/j.vaccine.2020.09.017
https://dx.doi.org/10.1080/21645515.2020.1804776
https://dx.doi.org/10.1080/21645515.2020.1804776
https://dx.doi.org/10.1002/hsr2.516
https://dx.doi.org/10.1002/hsr2.516
https://dx.doi.org/10.1016/S2214-109X(21)00512-X
https://dx.doi.org/10.1016/S2214-109X(21)00512-X
https://dx.doi.org/10.1016/S1473-3099(22)00320-6
https://dx.doi.org/10.1016/S1473-3099(22)00320-6
https://dx.doi.org/10.1038/s41541-025-01143-8
https://dx.doi.org/10.1038/s41541-025-01143-8
https://www.emro.who.int/afg/programmes/epi.html
https://www.emro.who.int/afg/programmes/epi.html
https://dx.doi.org/10.1186/s13031-025-00708-7
https://dx.doi.org/10.1186/s13031-025-00708-7
https://dx.doi.org/10.3389/fmicb.2023.1297269
https://dx.doi.org/10.3389/fmicb.2023.1297269
https://dx.doi.org/10.1080/21645515.2020.1844525
https://dx.doi.org/10.1080/21645515.2020.1844525
https://dx.doi.org/10.1186/s12939-022-01678-5
https://dx.doi.org/10.1186/s12939-022-01678-5
https://dx.doi.org/10.1093/inthealth/ihz120
https://dx.doi.org/10.1093/inthealth/ihz120

Cureus

Part of SPRINGER NATURE

32. Polio eradication in Afghanistan. (2026). Accessed: March 10, 2026:
http://www.unicef.org/afghanistan/polio-eradication.

33.  Wiysonge CS, Cooper S, Iwu-Jaja CJ, Adamu AA, Gunaratna MP, Masresha BG: Reclaiming momentum: the
essential programme on immunization in the journey to 2030 and beyond. Hum Vaccin Immunother. 2025,
21:2580134. 10.1080/21645515.2025.2580134

2026 Khan et al. Cureus 18(5): e109407. DOI 10.7759/cureus.109407 8 of 8


http://www.unicef.org/afghanistan/polio-eradication
http://www.unicef.org/afghanistan/polio-eradication
https://dx.doi.org/10.1080/21645515.2025.2580134
https://dx.doi.org/10.1080/21645515.2025.2580134

	Provincial Trends in Childhood Vaccine Coverage in Afghanistan From 2000 to 2024: An Ecological Study of Findings From the Institute for Health Metrics and Evaluation
	Abstract
	Introduction
	Materials And Methods
	Results
	TABLE 1: Comparison of Vaccination Coverage Across 34 Provinces of Afghanistan Using the Kruskal-Wallis H Test
	TABLE 2: Ranks and Statistical Analysis of Vaccination Coverage in Afghanistan
	FIGURE 1: Vaccine Coverage Across 34 Provinces of Afghanistan: Trends From 2000 to 2024

	Discussion
	Limitations of the study

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


