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 2 

Abstract 28 

COVID-19 vaccination helped change the course of the pandemic and remains critical for 29 

protecting high-risk groups. We analyzed data submitted to WHO to describe COVID-19 30 

vaccination coverage during the emergency period from 2021-2023 and annual uptake in 31 

2024, the first post-emergency calendar year after the Public Health Emergency of 32 

International Concern designation was lifted. By end-2023, global complete primary series 33 

coverage reached 65% in the total population, 82% among older adults, and 91% among 34 

health and care workers (HCWs), across reporting countries. Booster coverage was lower, at 35 

33%, 60%, and 69%, respectively. Across indicators, disparities by country income group and 36 

region emerged early and persisted through 2024. In 2024, vaccination of older adults and 37 

HCWs was limited and heterogeneous. These findings underscore the need for stronger, 38 

sustainably financed adult immunization platforms and associated monitoring systems to 39 

enhance life-course vaccination benefits and to support future outbreak, epidemic, and 40 

pandemic responses. 41 
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Introduction 42 

Coronavirus disease 2019 (COVID-19) has had profound effects on population health, health 43 

systems, and societies globally since its emergence in late 2019. The COVID-19 pandemic is 44 

estimated to have caused 22.1 million excess deaths from 2020-20231. Further, estimates 45 

suggest approximately 145 million people worldwide developed post-COVID-19 condition 46 

(PCC; also known as long COVID) from 2020-2021, representing a substantial global burden 47 

of post-acute morbidity2. Beyond its direct health impacts, the pandemic caused major 48 

economic and social disruption, with projected cumulative economic output losses over the 49 

2020-2025 period estimated at US$22 trillion relative to pre-pandemic projections3,4. Although 50 

the risk of severe COVID-19 has diminished with increasing population immunity and 51 

improved clinical management, SARS-CoV-2 continues to circulate widely, and both acute 52 

COVID-19 and PCC remain ongoing public health concerns5,6.  53 

COVID-19 vaccination has been a critical tool for reducing severe disease, death, and longer-54 

term sequelae following SARS-CoV-2 infection, particularly among high-risk groups. During 55 

the acute phase of the pandemic, when much of the world’s population was immunologically 56 

naive and transmission was at its highest, vaccination helped alter the course of the pandemic 57 

and mitigate its health, economic, and social impacts. These benefits were not experienced 58 

equally, however. Early country access to vaccines was uneven, and differences in supply, 59 

policy, delivery capacity, and demand contributed to marked heterogeneity in country uptake 60 

and impact across settings, even as global and regional mechanisms, including COVAX, 61 

supported vaccine access and deployment7–9. Global modelling studies estimate that COVID-62 

19 vaccination prevented over 20 million deaths during the first year of the rollout, although 63 

these benefits were concentrated where access and uptake were achieved earlier and at 64 

scale10,11. 65 

As COVID-19 management has shifted from emergency response to longer-term control, 66 

vaccination remains a critical tool, though programme priorities and challenges have 67 

changed12. During the emergency period, the dominant task was the rapid, prioritized scale-68 

up of primary vaccination at the population level13. In the post-emergency period, emphasis 69 

has shifted to sustaining protection among groups at highest risk of severe outcomes, 70 

including older adults, persons with chronic conditions, and other clinically vulnerable 71 

populations14. This has required periodic revaccination, further reinforced in some settings by 72 

updated vaccine formulations, in the context of waning immunity and continued viral 73 

evolution15,16. This change has taken place as countries have moved away from exceptional 74 

emergency delivery of COVID-19 vaccination and towards its integration into routine 75 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted July 6, 2026. ; https://doi.org/10.64898/2026.07.02.26356844doi: medRxiv preprint 

https://doi.org/10.64898/2026.07.02.26356844
http://creativecommons.org/licenses/by/4.0/


 4 

immunization services. Sustained uptake now depends on the ability of these delivery 76 

platforms to repeatedly reach high-risk groups over time17. 77 

In this context, monitoring COVID-19 vaccination uptake provides core data that support 78 

efforts to optimize vaccination programmes and strengthen their impact. As policies shift 79 

towards periodic revaccination of high-risk groups and delivery increasingly occurs through 80 

routine primary healthcare platforms, uptake monitoring is needed to assess programme 81 

reach, identify persisting gaps, and inform programmatic action and potential adjustments. 82 

This is especially important because, although most populations now have some degree of 83 

immunity from prior infection, vaccination, or both, protection is heterogeneous, wanes over 84 

time, and may be affected by viral evolution. With SARS-CoV-2-specific surveillance and direct 85 

immunologic monitoring limited in many settings, COVID-19 vaccination uptake therefore 86 

remains an important indicator of recent vaccine-derived protection among high-risk groups5. 87 

This study presents a global longitudinal analysis of COVID-19 vaccination coverage during 88 

the emergency period from 2021-2023 and of reported vaccination uptake in 2024, the first 89 

post-emergency calendar year after the Public Health Emergency of International Concern 90 

(PHEIC) designation was lifted. From 2021-2023, the World Health Organization (WHO) 91 

produced real-time COVID-19 vaccination coverage estimates and disseminated them 92 

through multiple monitoring products18,19. Building on these efforts, this report provides, to our 93 

knowledge, the first globally harmonized time series analysis of COVID-19 vaccination 94 

coverage across the emergency period, including among older adults and health and care 95 

workers (HCWs), and the first empirical description of reported global uptake in 2024. We aim 96 

to characterize the pace and extent of COVID-19 vaccination during the emergency period, 97 

assess how coverage varied across countries and population groups, and describe how 98 

COVID-19 vaccination patterns evolved during the transition to routine programme 99 

implementation. Together, these analyses provide a global reference point for understanding 100 

the trajectory of the COVID-19 vaccination response and a baseline for interpreting future 101 

uptake trends. 102 

 103 

Methods 104 

Ethics statement 105 

This study used aggregate, country-reported administrative vaccination data submitted to 106 

WHO and did not include individual-level personal data. Ethics approval and informed consent 107 

were not required. 108 

Data sources and definitions 109 
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Vaccine administration, uptake, and policy data 110 

Countries, areas, and territories (hereafter countries) were advised to monitor COVID-19 111 

vaccination uptake using standardized indicators, as recommended in WHO monitoring 112 

guidance20. Countries were requested to report a subset of these indicators to WHO through 113 

global and regional reporting mechanisms. For 2021-2023, four cumulative indicators were 114 

requested: (i) total COVID-19 vaccine doses administered, and the number of individuals with 115 

(ii) at least one dose, (iii) a complete primary series (CPS), and (iv) at least one booster dose 116 

of a COVID-19 vaccine. For 2024, global monitoring recommendations and reporting requests 117 

were revised to a single annual indicator: individuals having received a COVID-19 vaccine 118 

dose21. Accordingly, 2021-2023 indicators were analyzed as cumulative coverage measures 119 

and the 2024 indicator as annual uptake. Standardized indicator definitions are provided in 120 

Supplementary Table S1. 121 

WHO guidance recommended monitoring uptake disaggregated by population group 122 

prioritized for vaccination (priority group), including older adults and HCWs20. Countries 123 

reported priority group data using WHO-recommended definitions where possible, although 124 

reported data often reflected country-defined definitions. Standardized priority group 125 

definitions are summarized in Supplementary Table S2, and country-specific older adult 126 

definitions are documented in the accompanying dataset. 127 

COVID-19 vaccination data, including on vaccine administration, uptake, policy, and 128 

programme introduction date, were compiled from WHO regional reporting processes, the 129 

WHO-UNICEF electronic Joint Reporting Form (eJRF) COVID-19 module, the annual routine 130 

immunization eJRF exercise, and, for most European Union Member States in 2024, the 131 

European Surveillance System. Reporting mechanisms, reporting frequency, and data 132 

compilation processes are described in Supplementary Methods S1. 133 

Population definitions and estimates, and vaccination targets 134 

Total and older adult population denominators were derived from the United Nations World 135 

Population Prospects 2024 revision by summing age- and sex-specific estimates as required. 136 

Analyses for 2021-2023 used 2021 population estimates, and analyses for 2024 used 2024 137 

estimates. Older adult denominators were aligned to country-defined definitions where 138 

available; otherwise, older adults were defined as persons aged 60 years and older. 139 

HCW population estimates were obtained from ILOSTAT using the latest available modelled 140 

estimates (2019) for the health and care sector. For countries without available ILOSTAT 141 

estimates, denominators were derived from pooled estimates among countries in the same 142 

WHO region and income group, following previously described WHO methods22.  143 
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HCW vaccination targets, defined as the number of HCWs a country aimed to vaccinate, were 144 

reported by countries alongside uptake data and were often used by countries as operational 145 

denominator surrogates where comprehensive HCW population denominators were not 146 

available. 147 

Country classifications 148 

Countries were classified by World Bank income group (2025 revision), WHO region (2025 149 

affiliations), and COVAX Facility participation category (December 2023 classification). The 150 

COVAX Facility classification distinguished self-financing countries from those eligible for 151 

donor-supported vaccine access through the COVAX Advance Market Commitment (AMC). 152 

Analytic periods 153 

Two analytic periods were defined. January 2021 to December 2023 was defined as the 154 

emergency period, reflecting the period of rapid COVID-19 vaccine deployment and scale-up 155 

and largely coinciding with the COVID-19 PHEIC. This period was defined by calendar year 156 

to align with the structure of WHO vaccination reporting and to provide end-2023 coverage 157 

estimates. Although vaccination began in some countries in late 2020, pre-2021 reports in the 158 

WHO administrative datasets were sparse and were not included as separate time points in 159 

the primary time series analyses. Because uptake indicators were reported cumulatively, 160 

vaccinations administered before January 2021 were retained in subsequent cumulative totals 161 

and were therefore not excluded from endpoint coverage estimates. January to December 162 

2024 was defined as the first post-emergency calendar year, corresponding to the first full 163 

calendar year after the PHEIC designation was lifted. 164 

Data cleaning and adjustment 165 

Data cleaning 166 

An anomaly detection and correction framework was applied to cumulative uptake data for 167 

2021-2023 to identify implausible reporting artefacts and construct monotonic monthly time 168 

series. Flagged observations were set to missing, internal missing values were interpolated, 169 

and the latest available cumulative value was carried forward after the final report. For total 170 

doses administered, at least one dose, and CPS indicators, a further interpolation step was 171 

used to construct trajectories between programme introduction and the first reported 172 

cumulative value. For older adult and HCW booster indicators, interpolation began at the 173 

country’s first reported total population booster value and extended to the first population 174 

group-specific report. Total population booster values were not interpolated before the first 175 

report. Further details are provided in Supplementary Methods S2 and will be reported 176 

separately. 177 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted July 6, 2026. ; https://doi.org/10.64898/2026.07.02.26356844doi: medRxiv preprint 

https://doi.org/10.64898/2026.07.02.26356844
http://creativecommons.org/licenses/by/4.0/


 7 

The anomaly detection and correction framework was not applied to 2024 data because the 178 

analysis used one annual uptake value per country and priority group, rather than a cumulative 179 

time series. For each country, annual and quarterly source extracts were reconciled to derive 180 

a single end-2024 uptake value for older adults and HCWs. Where an annual 2024 report was 181 

available, that value was used. Where no annual report was available, the latest available 182 

quarterly cumulative value for 2024 was used as the end-2024 value. Non-response codes 183 

and other missing-value codes were treated as missing, while reported zero values were 184 

retained as true reported values. Data review decisions on source prioritization, reporting 185 

basis, exclusions, and replacements were documented in an audit log, included in the 186 

accompanying dataset, and applied before deriving the final 2024 uptake value. 187 

Data adjustment 188 

Following data cleaning, reported numbers of vaccinated HCWs for 2021-2023 were adjusted 189 

using previously described WHO methods to account for cases in which reported HCW 190 

vaccination targets were lower than estimated HCW population denominators22. For countries 191 

reporting an HCW vaccination target lower than the ILOSTAT HCW population denominator, 192 

the corresponding total population coverage estimate at the same time point was applied to 193 

the difference between the HCW population denominator and the reported HCW vaccination 194 

target. This estimated additional number of vaccinated HCWs was then added to the reported 195 

HCW count. The adjustment was applied separately to each vaccination indicator. No 196 

adjustment was applied where no HCW vaccination target was reported or where the target 197 

equaled or exceeded the HCW population denominator. Adjusted HCW counts were 198 

constrained not to exceed the HCW population denominator. For 2024, HCW estimates were 199 

based on direct country-reported numbers of vaccinated HCWs, without the redistribution 200 

adjustment applied to 2021-2023 data; coverage estimates were capped at 100%. 201 

Counts for the total population and older adults were constrained not to exceed the 202 

corresponding population denominator; no other adjustments were applied. 203 

Vaccination coverage and uptake analysis 204 

Analyses were limited to the 194 WHO Member States, as of 2025. Analyses disaggregated 205 

by COVAX Facility participation category additionally included Kosovo and occupied 206 

Palestinian territory, including east Jerusalem, yielding 196 reporting entities. 207 

For 2021-2023, weekly and monthly reported uptake data were harmonized to monthly time 208 

series by selecting the latest reported cumulative value within each calendar month. End-2023 209 

coverage estimates were defined as the latest values available as of December 2023. For 210 
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2024, uptake was assessed using the reconciled annual country-level values described 211 

above. 212 

Patterns of reporting completeness were assessed; methods for this analysis are provided in 213 

Supplementary Methods S3. 214 

Country-level COVID-19 vaccination coverage estimation 215 

Using cleaned, adjusted uptake and population estimates, coverage and uptake were 216 

calculated at the country-level for each indicator and population group. For 2021-2023, 217 

coverage estimates were calculated for the total population, older adults, and HCWs. For 218 

2024, uptake estimates were calculated for older adults and HCWs only; total population 219 

uptake was not estimated, reflecting changes to global COVID-19 vaccination 220 

recommendations14,21. Coverage and uptake were estimated only where both numerator and 221 

denominator data were available. 222 

Aggregate, country grouping COVID-19 vaccination coverage and uptake estimation 223 

Population-weighted aggregate coverage and uptake estimates were calculated by summing 224 

cleaned, adjusted uptake figures across countries and dividing by the corresponding summed 225 

population estimates, overall and by WHO region, World Bank income group, and COVAX 226 

Facility participation category, and policy recommendation category, where relevant. For 227 

emergency period time series analyses, denominators were held constant within each 228 

grouping, defined as the summed population of countries reporting at least one value for the 229 

relevant indicator and population group by December 2023. Countries with missing coverage 230 

or uptake estimates were excluded from the relevant aggregate calculations, and countries 231 

without an assigned income group were excluded from income group-specific analyses. 232 

Cross-country variation was summarized using the median and interquartile range (IQR; 25th-233 

75th percentiles) of country-level coverage. For emergency-period time series analyses, 234 

monthly statistics were presented only when reporting countries in that month represented at 235 

least 10% of countries that reported data for the relevant population group and indicator. 236 

Coverage parity analysis between priority groups and total population 237 

Country-level coverage in older adults and HCWs was compared with total population 238 

coverage at end-2023. Parity was defined as equal coverage in the priority group and total 239 

population. Departures from parity were summarized using a coverage ratio and an absolute 240 

percentage point difference. Supplementary analyses compare parity measures between end-241 

2021 and end-2023. 242 

Daily vaccination rate analysis 243 
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Estimated daily vaccination rates were reconstructed from weekly country-reported 244 

cumulative total dose administration records. Records with missing country identifiers, missing 245 

cumulative dose counts, negative cumulative dose counts, or dates outside 1 January 2021 246 

to 31 December 2023 were excluded. Where duplicate records remained for the same country 247 

and reporting date, the largest cumulative total dose value was retained. Cumulative total dose 248 

series were then cleaned for monotonicity using the same anomaly detection framework as 249 

the monthly coverage analyses. 250 

For each country, a daily cumulative series was constructed from the programme introduction 251 

date to the last reported cumulative value. Where the programme introduction date was 252 

unavailable or did not precede the first report, the day before the first report was used as the 253 

zero anchor. Daily cumulative totals between reported dates were linearly interpolated. Daily 254 

doses administered were calculated as the day-to-day change in the interpolated cumulative 255 

series, and daily vaccination rates were summarized as a trailing 28-day mean. Rates were 256 

expressed as doses administered per day and, where relevant, as daily doses administered 257 

per 100 population. 258 

Population-weighted aggregate rates were calculated globally and by WHO region, World 259 

Bank income group, and COVAX Facility participation category using the same constant 260 

denominator approach as the coverage time series analyses. Peak rates were defined as the 261 

maximum population-weighted trailing 28-day mean during 2021-2023. Cross-country 262 

variation at each time point was summarized using the unweighted 10th-90th percentile range 263 

across reporting countries. 264 

Vaccination policy analysis 265 

National COVID-19 vaccination policies for 2024 were classified as (i) primary vaccination and 266 

periodic revaccination recommended, (ii) primary vaccination recommended, or (iii) 267 

vaccination not recommended. Overall summaries excluded countries with missing responses 268 

and used reporting WHO Member States as the denominator. Income group-stratified 269 

summaries included all WHO Member States with an income group classification, with missing 270 

responses retained as a separate “No response provided” category. Results are presented as 271 

counts and percentages of reporting WHO Member States, stratified by population group and 272 

World Bank income group. 273 

 274 

Results 275 

Emergency period (2021-2023) 276 
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Final cumulative COVID-19 vaccination coverage by end-2023 277 

Globally, population-weighted complete primary series (CPS) coverage reached 65% in the 278 

total population, 82% among older adults, and 91% among HCWs by December 2023 (Table 279 

1, Figure 1a). In contrast, coverage with at least one booster dose remained substantially 280 

lower across all population groups, reaching 33% in the total population, 60% among older 281 

adults, and 69% among HCWs, across reporting countries. 282 

Pronounced income-related gradients were evident for both CPS and booster coverage 283 

across population groups through end-2023 (Table 1, Figure 1a). In the total population, CPS 284 

coverage ranged from 27% in low-income countries (LICs) to 72% in high-income countries 285 

(HICs), with corresponding booster coverage figures of 4% and 52%, respectively. Among 286 

older adults, CPS coverage was highest in HICs (92%) and remained high in upper-middle-287 

income countries (UMICs) and lower-middle-income countries (LMICs) (82%, 78%) but was 288 

markedly lower in LICs (34%). Booster dose coverage among older adults showed a sharper 289 

gradient, ranging from 4% in LICs to 82% in HICs. HCWs generally achieved high CPS 290 

coverage across income groups (88%, 93%, and 92% in LMICs, UMICs, and HICs, 291 

respectively), but coverage was lower in LICs (67%). Booster dose coverage among HCWs 292 

was higher than in the total population across all income groups (Table 1). 293 

Disparities in coverage were also observed across WHO regions (Table 1). CPS coverage in 294 

the total population ranged from 31% in the African Region (AFR) to 84% in the Western 295 

Pacific Region (WPR); these same regions also marked the extremes for booster coverage, 296 

ranging from 6% in AFR to 53% in WPR. Among older adults, CPS coverage remained 297 

comparatively high across regions, ranging from 62% in the Eastern Mediterranean Region 298 

(EMR) to 94% in the Region of the Americas (AMR), but booster dose coverage was lower 299 

and more uneven, ranging from 11% in AFR and 30% in EMR to 80% in the AMR. Among 300 

HCWs, CPS coverage was high in most regions (including 100% reported in the South-East 301 

Asia Region (SEAR)), while booster coverage varied markedly, ranging from 16% in AFR to 302 

100% reported in SEAR. 303 

Coverage also differed substantially by COVAX Facility participation category (Table 1). 304 

Countries in the self-financing category reported higher coverage (CPS / booster: 82% / 53% 305 

in the total population; 90% / 78% in older adults; 96% / 81% in HCWs) than those eligible for 306 

donor-supported vaccine access through the COVAX Advance Market Commitment (AMC) 307 

(54% / 17% in the total population; 69% / 27% in older adults; 83% / 64% in HCWs).  308 

The distribution of country-level coverage further illustrates these disparities (Figure 1a). Violin 309 

plots show substantial coverage heterogeneity within income groups, most notably for booster 310 

doses. This heterogeneity was particularly pronounced in LICs and LMICs, where many 311 
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countries reported very low booster coverage across population groups, though some 312 

achieved substantially higher levels. Heterogeneity was less pronounced for CPS, especially 313 

in HICs, where coverage more often clustered at higher levels, particularly among older adults.  314 

CPS coverage was generally higher in older adults than in the total population, with many 315 

countries falling above the parity line (Figure 1b; Supplementary Figure S2). Similarly, HCW 316 

CPS coverage was often higher than in the total population, with most countries above parity, 317 

though with greater variability in LICs and LMICs (Figure 1c). For booster doses, the pattern 318 

diverged for older adults. Outside HICs, many countries clustered near parity, indicating that 319 

booster uptake was often not substantially higher in older adults than in the total population 320 

(Figure 1b). Among HCWs, booster coverage also often exceeded total population coverage, 321 

although variability across income groups remained notable (Figure 1c). 322 

Temporal evolution of COVID-19 vaccination coverage 323 

Cumulative vaccine administration and coverage trajectories differed substantially across 324 

income groups, WHO regions, and COVAX Facility participation categories, with separation 325 

emerging early in the rollout and persisting through end-2023 (Figure 2; Supplementary 326 

Figures S3-S4). Doses administered per 100 population rose steeply during 2021, but 327 

accumulated earlier and to higher levels in HICs, self-financing countries, and several higher-328 

uptake regions, whereas LICs, AMC-supported countries, and some regions, particularly AFR, 329 

remained on persistently lower trajectories (Figure 2a). Coverage trajectories likewise differed 330 

by population group and dose type, with global population-weighted coverage for at least one 331 

dose and CPS increasing rapidly through 2021 to early 2022 and then rising more gradually, 332 

with consistently higher levels among older adults and HCWs than in the total population 333 

(Figure 2b). Booster dose coverage began later, reflecting later authorization and introduction 334 

of booster doses, and increased more slowly before plateauing, remaining well below CPS 335 

coverage by end-2023 across all population groups. Median country-level trajectories likewise 336 

showed substantial heterogeneity, particularly for booster doses, with broad interquartile 337 

ranges (IQR) persisting through 2022-2023 and especially pronounced among priority groups 338 

and in lower-income settings (Figure 2c; Supplementary Figure S4). 339 

Reporting patterns also changed over time, with implications for interpretation of later-period 340 

values (Supplementary Figure S1). Although the cumulative number of Member States that 341 

had reported at least once increased over the period for CPS and booster coverage across 342 

population groups, the number reporting in any given month declined substantially, with a 343 

marked drop-off during 2023, particularly for older adults and HCWs. 344 

Dynamics of daily COVID-19 vaccination rates 345 
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Daily COVID-19 vaccination rates varied substantially over time and across settings during 346 

2021-2023 (Figure 3; Supplementary Table S3; Supplementary Figure S5). Globally, median 347 

daily vaccination rates rose rapidly during 2021, reached a mid-2021 peak, and then declined 348 

through 2022 to persistently low levels in 2023 (Figure 3a). The global trajectory showed a 349 

bimodal peak pattern, also evident in HICs, likely reflecting the sequencing of first- and 350 

second-dose administration. Across income groups, peak activity occurred earlier and at 351 

higher intensity in HICs and UMICs than in LMICs and LICs. Population-weighted peak daily 352 

vaccination rates ranged from 0.82% of the total population per day in UMICs and 0.64% in 353 

HICs to 0.44% in LMICs and 0.12% in LICs, with peaks occurring progressively later from 354 

higher- to lower-income settings (Supplementary Table S3). 355 

Substantial within-income group heterogeneity was evident during periods of peak activity, 356 

particularly in LMICs and LICs, where median rates were lower overall but intermittent surges 357 

persisted over a longer period (Figure 3b). Population-weighted average rates showed related 358 

temporal patterns by WHO region, income group, and COVAX Facility participation category, 359 

with WPR, HICs, and self-financing countries peaking earlier and at higher intensity than AFR, 360 

LICs, and AMC-supported countries (Supplementary Table S3; Supplementary Figure S5). 361 

Across groups, daily vaccination rates declined steadily after peak activity and remained low 362 

through 2023, reflecting changing vaccination programme goals. 363 

Early post-emergency period, including integration into routine vaccination 364 

programmes (2024) 365 

National COVID-19 vaccination policies in 2024 366 

In 2024, national COVID-19 vaccination policies were most commonly focused on priority 367 

groups rather than the total population (Figure 4). Among WHO Member States reporting a 368 

COVID-19 vaccination policy, recommendations for primary vaccination and periodic 369 

revaccination were most common for older adults (108 of 140 reporting countries, 77%), older 370 

adults with chronic conditions (99 of 121, 82%), adults with chronic conditions (102 of 126, 371 

81%), and HCWs (90 of 126, 71%) (Figure 4a). For pregnant women, 81 of 123 (66%) reported 372 

primary vaccination and periodic revaccination, while 20 of 123 (16%) reported primary 373 

vaccination only. 374 

National COVID-19 vaccination policies less consistently included broader age-based groups. 375 

For adults, 58 of 131 (44%) reported primary vaccination and periodic revaccination, and 48 376 

of 131 (37%) reported that vaccination was not recommended. For children and adolescents, 377 

vaccination was most frequently reported as not recommended (70 of 120, 58%), with 36 of 378 

120 (30%) reporting primary vaccination and periodic revaccination. For children and 379 
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adolescents with chronic conditions, 69 of 114 (61%) reported primary vaccination and 380 

periodic revaccination recommendations (Figure 4a). 381 

Substantial variation in policy recommendations and response completeness was observed 382 

by income group (Figure 4b), with higher proportions of primary vaccination and periodic 383 

revaccination recommendations generally reported in higher-income settings and smallest “no 384 

response” shares in HICs across multiple population groups. 385 

Annual COVID-19 vaccination uptake in 2024 386 

In 2024, global-level analysis focused on reported uptake among priority groups, consistent 387 

with the shift in global vaccination recommendations14,21. Globally, 102 WHO Member States 388 

reported COVID-19 vaccine uptake among older adults, representing 31% of the global older 389 

adult population, with a population-weighted uptake among reporters of 12%. For HCWs, 70 390 

WHO Member States reported uptake, representing 25% of the global HCW population, with 391 

a population-weighted uptake among reporters of 6% (Table 2). 392 

Across income groups, uptake among older adults was highest in HICs (20%) and remained 393 

lower in UMICs (7%) and LMICs (5%), while LICs reported 10% uptake among older adults. 394 

Uptake among HCWs was highest in UMICs (10%), compared with 5% in HICs, and remained 395 

low in LICs (2%) and negligible in LMICs (0%) (Table 2). The proportion of the population 396 

group represented by reporting countries also varied, ranging from 17% of older adults in 397 

LMICs to 51% in HICs, and from 18% of HCWs in LMICs to 53% in LICs. 398 

Marked regional variation was observed. Among older adults, population-weighted uptake 399 

ranged from 1% in AFR to 28% in SEAR, with intermediate levels in the European Region 400 

(EUR) (16%), AMR (13%), WPR (13%), and EMR (8%). Among HCWs, uptake ranged from 401 

0% in SEAR to 15% in AMR, with 4% in EUR and 1-3% in other regions (Table 2). Regional 402 

representativeness also varied substantially, from 3% of older adults in SEAR to 72% in EUR 403 

and from 0% for HCWs in SEAR to 47% in EMR. 404 

Uptake also differed by vaccination policy category. Among countries recommending primary 405 

vaccination and periodic revaccination, population-weighted uptake was 15% among older 406 

adults and 9% among HCWs. Countries reporting uptake data represented 62% and 51% of 407 

the respective populations among countries also reporting on vaccination policy. Uptake was 408 

lower among reporting countries recommending primary vaccination only, at 3% in older adults 409 

and 2% in HCWs, and among countries reporting that vaccination was not recommended, at 410 

0% among older adults and 2% among HCWs (Table 2). 411 

Estimates should be interpreted in the context of more limited reporting than during the 412 

emergency period (Table 2). 413 
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 414 

Discussion 415 

This study provides the first globally comprehensive assessment of COVID-19 vaccination 416 

coverage across both the emergency and early post-emergency periods. It is a harmonized, 417 

longitudinal assessment of coverage during the emergency period from 2021-2023, including 418 

coverage among older adults and HCWs, and of annual uptake in 2024, the first full calendar 419 

year after the PHEIC designation was lifted. By end-2023, global CPS coverage reached 65% 420 

in the total population, 82% among older adults, and 91% among HCWs. Further, CPS 421 

coverage among older adults and HCWs exceeded that of the total population in most 422 

countries, consistent with risk-based prioritization. These findings underscore the broad reach 423 

of emergency COVID-19 vaccination efforts and the extent to which priority groups were 424 

reached during the primary series rollout, as called for by WHO policy recommendations. At 425 

the same time, progress was deeply uneven. Disparities in both the pace and extent of 426 

vaccination emerged early, varied considerably across country income groups and regions, 427 

and persisted through the end of the emergency period. Beyond the primary series, booster 428 

coverage remained substantially lower, reaching only 33% in the total population, indicating 429 

that broad initial reach was not matched by sustained or additional vaccination. 430 

This pattern continued into the early post-emergency period. In 2024, annual uptake among 431 

priority groups was low and heterogeneous, including in many settings where national policies 432 

recommended periodic revaccination. Among countries reporting 2024 uptake data for the 433 

respective population group, population-weighted uptake was 12% among older adults and 434 

6% among HCWs, varying substantially across country income groups and regions. During 435 

this period, national COVID-19 vaccination policies were most commonly focused on priority 436 

groups, in line with WHO SAGE recommendations14. Together, findings from the emergency 437 

and early post-emergency periods show that rapid scale-up of primary series vaccination did 438 

not necessarily translate into sustained uptake of subsequent doses among priority groups. 439 

Although COVID-19 vaccination programmes achieved substantial reach in many settings, 440 

coverage remained uneven, and 2024 uptake patterns suggest that repeated vaccination of 441 

high-risk groups through routine delivery platforms remains a distinct programmatic challenge. 442 

The uneven achievement of primary series coverage during the emergency period reflected 443 

inequities in vaccine access, including the early concentration of supply in HICs and delayed 444 

availability in many lower-income countries, and countries’ differing capacity to deliver 445 

vaccines rapidly at scale. Although these dynamics have been examined extensively 446 

elsewhere, our findings add an important temporal dimension23–26. Vaccine rollout 447 

performance varied not only in scale, meaning the level of coverage ultimately achieved, but 448 
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also in pace, meaning how quickly this coverage was reached. Daily vaccination rate patterns 449 

showed that higher-income settings generally reached earlier and higher delivery rate peaks, 450 

whereas lower-income settings scaled up more slowly and at lower peak delivery rates. In the 451 

context of a rapidly evolving pandemic, this difference in pace can be consequential. Earlier 452 

and faster rollout can avert infections, severe disease, and deaths sooner, while delayed 453 

rollout postpones these benefits, even where substantial coverage is eventually achieved27–454 

29. These findings point to the importance of assessing pandemic vaccine equity not only by 455 

the coverage eventually achieved, but also by how quickly protection reaches populations. 456 

The lower and more heterogeneous uptake observed beyond the primary series suggests that 457 

sustaining COVID-19 vaccination became a distinct challenge. This pattern was already 458 

apparent in booster dose coverage during the emergency period and became more 459 

pronounced in 2024 as vaccination moved into more routine implementation. It likely reflects 460 

a combination of shifting epidemiology, changing demand, and evolving programmatic 461 

priorities, including increasing population immunity, lower perceived urgency in many settings, 462 

and declining prioritization of COVID-19 vaccination within broader health system planning. 463 

Although the balance of these factors likely varied across countries, the overall pattern 464 

indicates that the conditions that enabled rapid emergency deployment changed over time in 465 

ways that affected additional vaccination efforts. 466 

Sustaining uptake was further complicated by the practical difficulty of repeatedly reaching 467 

adult risk groups with COVID-19 vaccines. During the emergency period, stand-alone and 468 

campaign-based delivery enabled rapid vaccination of adult populations at a scale not 469 

previously achieved through routine adult vaccination systems in many settings. As the 470 

emergency response receded, these approaches became harder to sustain, with many 471 

countries lacking established platforms or financing for periodic revaccination of high-risk adult 472 

groups. In response, WHO and UNICEF recommended integrating COVID-19 vaccination into 473 

primary health care (PHC) and other existing health delivery platforms, including seasonal 474 

influenza vaccination programmes where they exist, to support sustainability17. However, the 475 

feasibility of integration, and the sustainability gains it can deliver, vary across settings. 476 

Although examples of integration are widely documented, published experience suggests that 477 

it nevertheless remains operationally challenging where coordination, financing, and adult-478 

focused health service delivery platforms are weak30,31. 479 

These findings have important implications for both future outbreak, epidemic, and pandemic 480 

vaccine deployments and adult vaccination programmes, including for COVID-19. They point 481 

to two critical dimensions of vaccine equity. The first is equitable access to pandemic-related 482 

products, a central global preparedness challenge reflected in the WHO Pandemic 483 
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Agreement, adopted in May 2025, and in continuing negotiations on a Pathogen Access and 484 

Benefit Sharing system32. The persistent disparities observed during COVID-19 vaccine roll-485 

out underscore the importance of mechanisms that improve timely and equitable access to 486 

vaccines and other medical countermeasures during future health emergencies. The second 487 

is the capacity to turn access into protection. Once vaccines are available and recommended, 488 

countries need operational capacity to identify priority groups, deliver vaccination, monitor 489 

uptake, and adapt programmes as the disease epidemiology changes. The emergency period 490 

showed the importance of this capacity for rapid vaccine deployment, while the early post-491 

emergency period showed its importance for sustaining vaccination of priority groups over 492 

time. Stronger adult immunization delivery platforms, embedded in PHC programmes and 493 

aligned with the life-course vaccination approach, are therefore important not only for COVID-494 

19 vaccination and other maternal and adult vaccines, but also for future health emergency 495 

responses. 496 

This analysis has several limitations. First, limitations inherent to the source data affected 497 

estimation and comparability. Estimation of vaccination coverage and uptake among older 498 

adults and HCWs was constrained by the availability and comparability of population 499 

denominators; definitions varied across countries, and standard denominators may not have 500 

fully aligned with the population groups targeted or reported by countries. Some denominator 501 

estimates were incomplete, outdated, or modelled. As a result, some coverage and uptake 502 

estimates may reflect differences between reported numerator definitions and denominator 503 

definitions, rather than true differences in vaccination programme reach. Reporting 504 

completeness also varied across countries and indicators, with greater challenges for older 505 

adult and HCW reporting than for total population, especially in 2024. Further, estimates were 506 

based on country-reported administrative data and are therefore subject to reporting artefacts. 507 

Comparisons between 2021-2023 and 2024 should also be interpreted cautiously because 508 

the monitoring framework and reported indicators changed between periods21. 509 

Second, limitations arise from the analytic decisions required to harmonize and summarize 510 

heterogeneous country-reported data. For both analytic periods, carrying the latest available 511 

report forward treated the last reported value as the best available end-period estimate, which 512 

may underestimate vaccination activity where additional doses were administered but not 513 

subsequently reported to WHO. In addition, coverage estimates were capped at 100% to avoid 514 

implausible values, although values requiring capping may reflect numerator-denominator 515 

mismatch, reporting artefacts, or differences between reported target groups and standard 516 

population estimates. Further, the 2021-2023 HCW numerator adjustment used total 517 

population coverage as a pragmatic proxy to estimate vaccination among HCWs outside 518 

reported HCW vaccination targets, which may not fully reflect HCW-specific uptake. These 519 
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analytic choices supported comparability across countries, indicators, groups, and periods, 520 

but should be considered when interpreting specific estimates. 521 

Despite these limitations, the broad temporal patterns and between-country disparities were 522 

consistent and sufficiently marked to support the main conclusions. The findings also highlight 523 

the need to strengthen immunization information systems for adult and priority group 524 

vaccination. Recent WHO guidance on monitoring COVID-19 vaccination coverage, including 525 

alongside seasonal influenza and respiratory syncytial virus (RSV) vaccination, provides 526 

practical support for countries strengthening routine monitoring of adult and priority group 527 

vaccination programmes33. 528 

Overall, this global analysis shows that many countries achieved substantial primary series 529 

COVID-19 vaccination coverage during the emergency period. These achievements, however, 530 

were marked by substantial and persistent disparities across regions and country income 531 

groups, reflecting inequities in both vaccine access and roll-out capacity. As programmes 532 

moved beyond emergency deployment, the central challenge shifted toward sustaining 533 

booster dose vaccination and periodic revaccination of priority groups. Lower booster dose 534 

coverage and low, heterogeneous uptake in 2024 suggest that this transition remains 535 

incomplete. Together, these findings point to the need for equitable access to safe and 536 

effective vaccines, sustainable financing for adult immunization, stronger delivery platforms, 537 

fit-for-purpose monitoring systems, and operational capacity to deploy vaccines rapidly and 538 

repeatedly at scale. These capacities will be needed both to enhance life-course vaccination 539 

benefits and to support future outbreak, epidemic, and pandemic vaccine responses. 540 

 541 

Data availability 542 

The country-reported COVID-19 vaccination data and derived analysis datasets supporting 543 

this study are available in the project repository at https://github.com/brooksdonald/global-544 

covid19-vaccination and in the archived release on Zenodo at 545 

https://doi.org/10.5281/zenodo.21076717. These datasets reflect WHO COVID-19 546 

vaccination reporting records as extracted on 30 June 2026; subsequent updates are not 547 

reflected. Reuse of underlying data values remains subject to the terms of the original data 548 

providers, as described in the repository data terms notice. 549 

 550 

Code availability 551 
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The analysis code used to clean, process, analyze, and visualize the data is available in the 552 

project repository at https://github.com/brooksdonald/global-covid19-vaccination and in the 553 

archived release on Zenodo at https://doi.org/10.5281/zenodo.21076717. The code includes 554 

scripts used to generate the analytic datasets, summary estimates, figures, and 555 

supplementary outputs reported in this study. The analysis code is licensed under the MIT 556 

license. 557 
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Tables 684 

Table 1. COVID-19 vaccination coverage by end-2023, by population group, income 685 

group, WHO region, and COVAX Facility participation category 686 

Values shown are population-weighted aggregate coverage estimates, expressed as a 687 

percentage of the relevant population group. Coverage is shown separately for complete 688 

primary series and at least one booster dose among the total population, older adults, and 689 

health and care workers, overall and by World Bank income group, WHO region, and COVAX 690 

Facility participation category.  691 

The number of countries reporting vaccination coverage varied by population group and dose; 692 

reporting completeness is visualized in Supplementary Figure S1. 693 

Note: CPS = Coverage with a complete primary series; booster = coverage with at least one 694 

booster dose 695 

Category 

Total population Older adults 
Health and care 

workers 

CPS Booster CPS Booster CPS Booster 

All       

Global 65% 33% 82% 60% 91% 69% 

Income group       

HIC 72% 52% 92% 82% 92% 61% 

UMIC 77% 46% 82% 66% 93% 79% 

LMIC 60% 19% 78% 33% 88% 73% 

LIC 27% 4% 34% 4% 67% 15% 

WHO region       

AFR 31% 6% 64% 11% 66% 16% 

AMR 71% 42% 94% 80% 98% 88% 

EMR 49% 18% 62% 30% 80% 56% 

EUR 65% 48% 80% 70% 73% 50% 
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Category 

Total population Older adults 
Health and care 

workers 

CPS Booster CPS Booster CPS Booster 

SEAR 70% 20% 82% 35% 100% 100% 

WPR 84% 53% 84% 73% 96% 91% 

COVAX participation 

category 
      

AMC 54% 17% 69% 27% 83% 64% 

Self-financing 82% 53% 90% 78% 96% 81% 

 696 

Table 2. COVID-19 vaccination uptake among priority groups in 2024, by income group, 697 

WHO region, and vaccination policy category 698 

Values shown are population-weighted aggregate uptake estimates, defined as the 699 

percentage of the relevant population group receiving at least one COVID-19 vaccine dose 700 

during 2024. Uptake is shown for older adults and health and care workers, overall and by 701 

World Bank income group, WHO region, and vaccination policy category. For each grouping, 702 

the table also shows the number of reporting WHO Member States and the proportion of the 703 

grouping population represented by reporting countries. 704 

Note: MS = Member States 705 

 Older adults Health and care workers 

Grouping 

Count of 

reporting 

MS 

Proportion 

of grouping 

population 

in reporting 

MS 

Uptake 

(%) 

Count of 

reportin

g MS 

Proportion 

of grouping 

population 

in reporting 

MS 

Uptake 

(%) 

All       

Global 102 31% 12% 70 25% 6% 

Income group       
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 Older adults Health and care workers 

Grouping 

Count of 

reporting 

MS 

Proportion 

of grouping 

population 

in reporting 

MS 

Uptake 

(%) 

Count of 

reportin

g MS 

Proportion 

of grouping 

population 

in reporting 

MS 

Uptake 

(%) 

HIC 44 51% 20% 23 22% 5% 

UMIC 26 26% 7% 23 31% 10% 

LMIC 20 17% 5% 13 18% 0% 

LIC 12 50% 10% 10 53% 2% 

WHO region       

AFR 19 46% 1% 16 37% 1% 

AMR 23 47% 13% 19 25% 15% 

EMR 9 43% 8% 7 47% 2% 

EUR 41 72% 16% 23 39% 4% 

SEAR 3 3% 28% 1 0% 0% 

WPR 7 12% 13% 4 10% 3% 

Policy category       

Primary vaccination 

& periodic 

revaccination 

recommended 

76 62% 15% 47 51% 9% 

Primary vaccination 

only recommended 
10 42% 3% 5 25% 2% 

Vaccination not 

recommended 
6 28% 0% 6 33% 2% 
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 Older adults Health and care workers 

Grouping 

Count of 

reporting 

MS 

Proportion 

of grouping 

population 

in reporting 

MS 

Uptake 

(%) 

Count of 

reportin

g MS 

Proportion 

of grouping 

population 

in reporting 

MS 

Uptake 

(%) 

No response 

provided 
10 7% 5% 12 8% 2% 

 706 

707 
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Figures 708 

Figure 1. COVID-19 vaccination coverage and priority-group coverage relative to the 709 

total population, end-2023 710 

(a) Violin plots show the distribution of country-level vaccination coverage for at least one 711 

dose, complete primary series, and at least one booster dose, stratified by population group 712 

(total population, older adults, and health and care workers) and World Bank income group. 713 

Boxes indicate medians and interquartile ranges; points represent outlier countries. Coverage 714 

is expressed as a percentage of the relevant population group. 715 

(b) Each point represents a country, with vaccination coverage in the total population shown 716 

on the x-axis and vaccination coverage in the priority group shown on the y-axis, separately 717 

for complete primary series and at least one booster dose among older adults and health and 718 

care workers. The diagonal line indicates parity between priority-group and total-population 719 

coverage. 720 

(c) Distributions of country-level differences in vaccination coverage between priority groups 721 

and the total population (priority group minus total population, percentage points), stratified by 722 

World Bank income group. Positive values indicate higher coverage in priority groups. Violin 723 

plots show the distribution of country-level estimates, with embedded boxplots indicating 724 

medians and interquartile ranges; points denote outlier countries. 725 
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 726 

 727 

Figure 2. COVID-19 vaccine doses administered and vaccination coverage over time, 728 

2021-2023  729 

(a) Population-weighted cumulative numbers of COVID-19 vaccine doses administered per 730 

100 population in the total population, stratified by World Bank income group, WHO region, 731 

and COVAX Facility participation category. 732 

(b) Population-weighted global coverage with at least one dose, complete primary series, and 733 

at least one booster dose among the total population, older adults, and health and care 734 

workers. End-2023 values are labeled. 735 
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(c) Median country-reported coverage trajectories for complete primary series and at least one 736 

booster dose, with shaded bands indicating the interquartile range (25th-75th percentiles) 737 

across reporting countries, shown for the same population groups. Estimates are displayed 738 

only for months in which reporting countries represented at least 10% of the countries that 739 

ever reported that indicator and population group during 2021-2023. Coverage is expressed 740 

as a percentage of the relevant population group. 741 

 742 

 743 
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Figure 3. Daily COVID-19 vaccination rate, global and by World Bank income group, 744 

2021-2023 745 

Daily vaccination rates are expressed as a percentage of total population and smoothed using 746 

a trailing 28-day mean. Solid lines show the median country-level daily vaccination rate. 747 

Shaded areas show the 10th-90th percentile range of country-level rates. (a) Global 748 

distribution across WHO Member States. (b) Distributions stratified by World Bank income 749 

group. 750 

 751 

 752 

Figure 4. National COVID-19 vaccination policy recommendations for priority groups in 753 

2024 754 

(a) Number of WHO Member States recommending primary vaccination and periodic 755 

revaccination, recommending primary vaccination only, or not recommending vaccination for 756 

select priority groups in 2024. Values at the end of each bar indicate the total number of 757 

reporting Member States for each population group. 758 

(b) Percentage distribution of WHO Member States, by World Bank income group, reporting 759 

each vaccination policy category for selected priority groups in 2024, including a “no response” 760 

category. Percentages are calculated within income group. 761 
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