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ABSTRACT
The coronavirus disease (COVID-19) threat is subsiding through extensive vaccination worldwide. 
However, the pandemic imposed major disruptions in global immunization programs and has aggra
vated the risks of vaccine-preventable disease (VPD) outbreaks. Particularly, lower-middle-income regions 
with minimal vaccine coverage and circulating vaccine-derived viral strains, such as polio, suffered 
additional burden of accumulated zero-dose children, further making them vulnerable to VPDs. 
However, there is no compilation of routine immunization disruptions and recovery prospects. There is 
a noticeable change in the routine vaccination coverage across different phases of the pandemic in six 
distinct global regions. We have summarized the impact of COVID-19 on routine global vaccination 
programs and also identified the prospects of routine immunization to combat COVID-like outbreaks.
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Introduction

Worldwide, more than 610 million confirmed cases of corona
virus disease (COVID-19) and 6 million deaths have been regis
tered to date. As of October 1, 2022, about 3,565,278 of the world 
population are vaccinated against COVID-19, with 4,79,994 
belonging to upper-middle-income countries, 102,048 to low- 
income countries, and 1,941,569 to lower-middle-income 
countries.1 However, the pandemic has resulted in the disruption 
of routine vaccinations in at least 68 countries, affecting more than 
80 million children worldwide, especially in the lower-middle- 
income regions (LMIRs). Although sustainable catch-up immu
nization programs have recommenced in affluent countries to 
mitigate disruptions, this is not the case in LMIRs, impeding 
global sustainable recovery.2 An African study has projected 
a horrifying 100 child deaths that could be prevented by sustained 
routine immunizations compared with each death caused by 
COVID-19 acquired from an immunization visit.3 Reduced vac
cination rates for children even for brief periods could result in an 
increasing number of vulnerable people and elevate the danger of 
outbreaks of vaccine-preventable diseases (VPDs) like measles, 
polio, diphtheria, and pertussis. Besides, immunization disrup
tions jeopardize the 90–95% vaccination coverage, which is 
imperative for herd immunity in general. Therefore, vaccine dis
ruptions potentiate the accumulation of unimmunized children, 
leading to circulating vaccine-derived viral strains (such as polio) 
that endanger future outbreaks of VPDs. Intriguing reports of 
polio from human infections and sewage systems from the United 
Kingdom, United States, and Israel are alarming.4 Furthermore, 

vaccination hesitancy including the fear of COVID-transmission 
during clinic visits is another obstacle to be dealt with.5–7 Low 
uptake has also been reported in maternal vaccination which is 
a promising strategy in preventing newborn severe infections.8 

Here, we attempt to present comprehensive information on the 
impact of COVID-19 on routine vaccine coverage that will not 
only address the surrounding issues but also identify gaps and 
solutions in the event of futuristic COVID-like outbreaks.

The COVID vaccine scenario and impact

The COVID-19 vaccine coverage too varied from nation to 
nation. During the course of pandemic, multiple variants 
in the process of adapting to the host evolved, making the 
vaccine design more dynamic, and challenging. The WHO 
classified these variants into variant of concern (VOC) and 
variant of interest (VOI).9,10 With the emergence of var
iants during vaccine development and clinical trials, the 
primary goal was to incorporate the new variants to com
bat emerging strains, which further demanded continuous 
surveillance, research, and production. Pharmaceutical 
industries employed this goal as their driving force to get 
their vaccine into clinical trials and subsequently to the 
market. Scaling up the COVID vaccine worldwide in order 
to control the pandemic was the immediate and prime 
action. Consequently, the production and dissemination 
of non-COVID vaccines suffered a setback owing to the 
increasing pressure on the pharmaceutical sector to 
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escalate COVID-vaccine production.11 This globally ham
pered the routine immunization schedule among children, 
vulnerable adults, and pregnant women during and after 
the pandemic.

Global perspectives on routine vaccine disruptions

Population coverage of routine vaccines

Global immunization is the key to the primary health and 
development as the various immunization programs have 
prevented more than 20 life-threatening diseases around 
the globe.12 The WHO established the extended immuni
zation program and aimed to ensure universal access to 
four vaccines, namely BCG (Bacillus Calmette–Guerin), 
DTP (diphtheria, tetanus toxoid, and pertussis), Pol, and 
MCV (measles-containing vaccine) which protect against 
tuberculosis; diphtheria, tetanus, and pertussis; poliomyeli
tis; and measles, respectively.12,13 Other vaccines that are 
restricted to certain populations are rotavirus vaccines 
(rota), pneumococcal conjugate vaccine (PCV), rubella- 
containing vaccine (RCV), Haemophilus influenzae type 
b vaccine (HiB), Hepatitis B vaccine (HepB), and Human 
papillomavirus vaccine (HPV).13 The key objective of the 
immunization agenda 2030, by the World Health Assembly 
in 2020, is to cover zero-dose children, i.e., children who 
have not even got part-vaccination of DTP as well as the 
under-immunized children.14,15 However, the immuniza
tion program was severely affected during the pandemic, 
resulting in an interruption to the global vaccination 
coverage.12

To understand the stark difference in the global immuniza
tion coverage, we have classified the immunization programs 
covered up to the year 2019 as pre-COVID phase and year 
2020–2021 as COVID phase and year 2022 as COVID-19 
recovery phase.

Pre-COVID-19 phase

The global coverage of full vaccination of diphtheria, tetanus 
toxoid and pertussis (DTP1) was around 89–90%, while the 
part-vaccinations of DTP (DTP3), polio vaccine, and MCV 
(MCV1) were estimated to be in the range between 84% and 
86% during 2010–2019.14,15 The part-vaccination of MCV 
(MCV2) was increased to 71% from 42% in 2019.16 The under
used routine vaccines were estimated to have a global coverage 
of 39% for rota vaccine, 48% for PCV, 71% for RCV, 72% for 
Hib, 43% for Hep B, and 15% for HPV in 2019.17 The overall 
vaccine coverage statistics in 2019 comprising eight routine 
vaccines administered globally indicated highest average vac
cine coverage in the American region (~77.8%) and lowest in 
the African region (~52.8%). The other regions such as 
Europe, South-east Asian (SEA), Eastern Mediterranean 
(EM), and Western-Pacific (WP) regions had average vaccine 
coverage of 76%, 70%, 64.8%, and 63.1%, respectively 
(Figure 1). It can also be observed that DTP, Hib, and Pol 
vaccines have high uniform global coverage among the rest. 
MCV and RCV coverages substantially are low in Africa and 
EM regions. The disparity in vaccine coverages widens the 
regional outbreak risks, especially if there are major 
disruptions.

COVID-19 phase

The global vaccination coverage of DTP3 markedly suffered 
showing a critical reduction from 86% in 2019 to 83% in 2020 
and 81% in 2021.15 The part-vaccination of MCV suffered 
a sharp decline over the last 2 years, leaving 24.7 million 
children unvaccinated, while the population coverage of 
MCV2 was dropped from 86% to 83% in 2020 and 81% in 
2021 accounting for 14.7 million deprived of MCV2.16 Global 
coverage of other routine vaccines was also reduced by 2–3% 
compared with 2019; however, polio and HPV immunizations 
suffered a reduction by ~9%.18 An estimate of 25 million 

Figure 1. Global vaccine coverage (in percentage) of routine vaccines in 2019 (pre-pandemic).
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children of age group of 1 and under missed their routine 
immunizations which accounted for 5.9 million lower com
pared with that in 2009. This also marks the highest number of 
failed vaccination coverage since 2009.18 As far as the overall 
average vaccine coverage is concerned during this phase, SEA 
(66%) and American region (75%) witnessed the major reduc
tion than pre-COVID phase (Figure 2) than the other regions. 
The drastic decrease in MCV coverage in SEA during COVID- 
19 phase potentiated the regional outbreaks of measles.19

COVID-19 recovery phase

In terms of overall average vaccine coverage in this phase, 
recovery of the vaccine coverage after the COVID was not 

observed in the WP (61.2%) and American (74.8%) regions 
as compared with pre-COVID phase especially for the DTP 
and Pol vaccines (Figure 3). European region showed remark
able consistency in terms of vaccine coverage all through 
(76%). The other regions also showed steady recovery in the 
overall average vaccine coverage.

Effective public health campaigns, vaccination implementa
tion and evaluation programs have enabled recommencing the 
routine vaccination. Vaccination status in the COVID-19 
recovery phase is slowly trickling in and scientific data on 
this are limited. In spite of vaccine hesitancy widespread across 
the globe especially post pandemic, COVID-19 and Influenza 
vaccine uptake has been significantly increased.20 It was 
observed that the flu-vaccine coverage in the North 

Figure 2. Global vaccine coverage (in percentage) of routine vaccines in 2020 (pandemic-peak phase).

Figure 3. Global vaccine coverage (in percentage) of routine vaccines in 2021 (pandemic-recovery phase).
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American region during the early half of the pandemic (mid- 
2020) increased in children, young adults, and elderly (cumu
lative increase by 12–15%) as compared with the pre-pandemic 
times (2018–19).1 Similar trends, especially in elderly (>65  
years), were observed in the WP region (increase by ~9%) 
and EM region (increase by ~9%).2 This may be driven by 
the notion that getting vaccinated for flu might lead to cross- 
protection against COVID-induced flu-like symptoms. 
However, with the advent of COVID vaccines in the latter 
half of the pandemic (late 2020–21), there was a decline (~3– 
10%) in the flu vaccine administration in the aforementioned 
regions. European regions being vulnerable to seasonal flu 
maintained consistent flu vaccination coverage throughout 
the pandemic.2 Similar trend was observed for the Hib (bac
terial) vaccination coverage globally. It was observed that 
South-East Asia, Africa, regions of the Americas, and East 
Mediterranean region have noticeable decline in vaccination 
coverage. South-East Asia showed decline from 89% to 82%, 
whereas African region reduced from 75% to 71% when com
pared in the years 2019 and 2021. Similarly, there is a decrease 
in vaccination coverage in the regions of the Americas, where 
83% coverage was reduced to 79%, while EM region was 
reduced from 85% coverage to 82% in the same time period 
(Figure 4).

There was a 79% increase in measles cases worldwide 
during the first part of 2022, as compared with 2021. This 
probably may be attributed to the usage of double-dose 

monovalent measles vaccines (MCV 1 and 2) or manufactur
ing/marketing issues. Ineffective revamping vaccinations 
might be due to the reliance on very limited vaccine manu
facturers. UNICEF has taken an initiative to increase the 
market health by 2023 with more manufacturers and diversi
fying the suppliers. Furthermore, the Measles and Rubella 
Initiative (MRI) in 2020, a new measles and rubella strategic 
framework (MSRF) for 2021–2030, under the umbrella of 
WHO’s global ‘Immunization Agenda 2030 (IA2030)’ has 
devised several strategies toward global immunization. 
However, measles immunizations (with Rubella) in the vul
nerable populations of DR Congo, Ethiopia, and Nigeria 
cannot be anticipated before 2025, which deprives 
14 million children with a two-dose routine immunization 
schedule and demands ardent efforts. The other less populous 
African nations with measles outbreak have been brought 
under strategic coverage by 2022–2023.21 Despite socio- 
political conflicts, establishing a global uniformity in routine 
vaccine coverage can constrict the long-lasting effects of 
immunization disruptions. Interestingly, unlike the measles 
outbreak in certain parts of the globe, influenza cases showed 
a drastic decline globally during the pandemic period. The 
drop in influenza cases is attributed by compromised inter
vention and surveillance during the pandemic period. The 
real scenario will soon be understood after the complete 
recovery and resumption of influenza surveillance program 
by the WHO member states.4,5

Figure 4. Trends in global vaccine coverage between 2019 and 2021.
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Routine vaccine disruptions in specific regions

The pandemic has witnessed a varied number of zero-dose 
children around the globe with an increase to 7.7 million from 
7.1 million in African region; 1.7 million from 1.6 million in 
American region; 2.3 million from 1.8 million in EM; and 
4.1 million from 2.0 million in South-East Asia.18

Considering the routine vaccine coverage (2019–2021), Hib 
vaccine coverage globally was reduced by ~3% with major 
variation in American region (~5%), EM region, and South- 
East Asia region (~8%). Similarly, Hepatitis B vaccine coverage 
globally was reduced by ~6% with evident reduction in South- 
East Asia (~10%). MCV, RCV, and OPV coverage suffered an 
evident reduction in South-East Asia (~9%, ~8%, and ~9%, 
respectively). The PCV coverage was evidently reduced by 
~10% in the regions of America. The DTP3 immunization 
worldwide witnessed a decline of ~6%, with major impact on 
South-East Asia (~10%).12 From Figure 4, we can visualize the 
trends of non-COVID coverages across the WHO regions. 
Besides restoring the immunization programs in these regions, 
healthcare authorities should also be prepared to combat any 
potential outbreaks of VPDs resulting from major disruptions. 
The majorly affected regions (SEA and Americas) can particu
larly be focused upon to escalate the recovery measures as well 
as VPD-outbreak preparedness. The disruption period 
and percent-affected ratio can help in formulating vaccine- 
stocking strategies, thereby preventing future disruptions.

Causes and consequences of vaccine disruptions

Even as countries clamor to get their hands on COVID-19 vac
cines, we have gone backwards on other vaccinations, leaving 
children at risk from devastating but preventable diseases like 
measles, polio or meningitis. Multiple disease outbreaks would 
be catastrophic for communities and health systems already bat
tling COVID-19, making it more urgent than ever to invest in 
childhood vaccination and ensure every child is reached.          

Dr Tedros Adhanom Ghebreyesus, WHO Director-General

Women and children are severely affected due to the disrup
tions in routine vaccinations. As per the WHO and UNICEF 
reports, zero-dose children increased drastically in geo- 
politically vulnerable areas with communal and social con
flicts. School closings in some nations of South-East Asia and 
EM region have significantly reduced (by ~13%) the adminis
tration of human papillomavirus (HPV) vaccination, which 
would have protected girls from cervical cancer later in life.22 

In Africa, more than 60% of the WHO member states faced 
disruption due to vaccine supply pertaining to transport 
restrictions and vaccine misinformation.12,23,24 In Europe, 
23% of the nations faced disruptions in routine vaccinations 
due to unavailability of workforce and challenges in vaccine 
supply. In South-east Asia, there were vaccine supply issues 
coupled with reduction in health workforce availability in 45% 
of the countries.6,12 Besides routine immunization disruptions, 
as many as 57 mass vaccination campaigns for measles, polio, 
yellow fever, and other diseases were postponed in 66 coun
tries, affecting millions of people.6,25 The accumulation of 
unvaccinated children due to immunization gaps may lead to 
higher disease burden and deaths, especially in the low-income 

regions. Polio and measles vaccine disruptions in countries like 
Pakistan and Afghanistan, where the persistence of polio can 
further be escalated by the circulating vaccine-derived polio
virus (cVDPV) Type 1. Type 2 poliovirus was reported in 
Chad, Ethiopia, Pakistan, and Ghana.6,26 The occurrence of 
cVDPV is mainly due to poor vaccination strategies, as OPV 
and IPV require multiple doses and failure of the same may 
lead to the outbreak of cVDPV. This was further indicated by 
the escalation of cVDPV cases in developing countries span
ning Africa and Asia to 1079 cases in 2022 from 533 cases in 
2017–2019, which clearly shows the detriment, the disruptions 
due to pandemic caused in these areas. As per the latest report 
released by the WHO on cVDPV, there are zero cases reported 
on cVDPV during 2019–2020, while an isolated cases was 
reported in China in 2019 with no follow-up or any outbreaks 
reported thereafter.27,28 The disruptions also led to a new polio 
outbreak in Nigeria.6,7 Similarly, diphtheria cases have 
increased in Venezuela, Nepal, Pakistan, Yemen, and 
Bangladesh.5–7,29 Although the pandemic has been tackled in 
most of the countries with extensive vaccination, the efforts to 
minimize the risks of concurrent outbreaks of VPDs still 
persist in various lower-middle-income countries.

Can routine immunization alleviate COVID-like 
outbreaks?

Several hypothetical studies have suggested routine immuniza
tions toward mitigation of COVID-19-induced disruptions and 
prevention of COVID-like outbreaks. Reduction in SARS-COV 
-2 severity in children who have had their routine immuniza
tions had been strongly proposed by several studies, although 
lacking experimental documentation. Since these routine 
immunizations are being used in children for several years 
with low to none major side effects, they can be tested for cross- 
protection against COVID-19.30 Studies have suggested 
a possible beneficial effect of MMR vaccine in lowering the 
severity of COVID-19 symptoms.31 The findings were corro
borated with Gold et al. (2020), suggesting that the MMR 
vaccines negatively correlate with the severity of COVID-19 
symptoms.32 The effect of live vaccines such as MCV and 
BCG on COVID-19 disease severity in children has been 
debated by several studies. In a national-level analysis in USA, 
Ogimi et al. (2021) showed that COVID-19-related mortality 
was higher in countries where Mycobacterium bovis BCG vac
cination is not routinely administered, proposing the cross- 
protective nature of the BCG vaccine.33,34 Tetanus toxoid vac
cine has also been hypothesized to lower the severity of 
COVID-19 symptoms.35 A single dose of bivalent oral polio 
vaccine (bOPV) has been demonstrated in a recent randomized 
clinical trial to reduce the incidence of COVID-19 cases by 
~40%.36 Due to the symptomatic coherence between pneumo
coccal infections and COVID-19, pneumococcal vaccination in 
the COVID-19 pandemic has become extremely critical for 
reducing the SARS-CoV-2 risk factors. Their observed correla
tional effect can potentially decrease mortality and morbidity 
via co/secondary infections and super-infections.37 Using deter
ministic dynamic transmission model in Japan, a probable 
incremental disease burden of invasive Hib disease was 
recorded in children under 5 years old if reduced COVID-19 
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vaccination rate persisted.38 Similar to many live-attenuated 
vaccines, influenza vaccines have also been widely reported to 
lower the risk of SARS-CoV-2 infections, but their association 
has not been well elucidated39 Additionally, pertussis vaccines 
can be administered to prevent co-infection; however, it has 
also been speculated that pertussis vaccine might induce 
a nonspecific protective role toward SARS-COV-2 by its cyto
kine storm damping effect and eliciting heterologous adaptive 
responses.40 A global surveillance indicated a substantial link 
between COVID-19 and HBV vaccines for chronic liver disease; 
however, more evidence on their relationship need to be 
explored.41 Although disruptions and speculations regarding 
routine immunization and COVID-19 vaccines exist on parallel 
tracks, understanding immunological associations of SARS- 

CoV-2 vaccines with other routine vaccines can bridge the 
gaps to understand the physiological impact on routine- 
vaccine disruption, especially in the pandemic recovery sce
nario. Furthermore, ‘pandemic-preparedness’ as a part of ‘dis
aster management’ should be enforced taking into account the 
long-lasting consequences due to health-service disruptions, 
demographic factors, and scientific predictions.42 The region- 
specific rise of some of the VPDs during the course of the 
pandemic has been depicted in Figure 5, as per the data pub
lished by the WHO (2022). Latest report on the outbreak of 
measles and diphtheria in South-East Asia has been attributed 
due to the evident decline in the vaccination coverage due to the 
COVID-19 pandemic.19 The present review can be instrumen
tal in highlighting the severely affected parts of the world to 

Figure 5. WHO-region-specific rise of some of the VPDs during the course of the pandemic.
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endemic outbreaks as a consequence of variable routine vacci
nation coverage due to future COVID-like pandemics. The 
detailed data by the WHO on the incidence of various VPDs 
during various phases of the pandemic are given in Table S1.

Recovery and preparedness

UNICEF, WHO, and partners like Gavi, the Vaccine 
Alliance are encouraging efforts to strengthen immunization 
systems by restoring vaccine services, identifying gaps in 
vaccine coverage, reducing the accumulation of unvacci
nated communities (especially children), ensuring safety of 
healthcare personnel, and ensuring that childhood vaccina
tion services can be conducted alongside COVID-19 
vaccinations.24,43

However, to ensure effective recovery from routine vac
cine disruptions and mitigation of resultant hazards, rig
orous surveillance and updated epidemiology map of 
global vaccination scenario have to be designed.44 Setting 
up large-scale vaccine production (and storage) units in 
the LMIRs as counterparts of leading vaccine producers 
with cooperation from governmental partners will further 
help in the mitigation and recovery from the outbreaks by 
eliminating the risks of disrupted international supply 
chains.45

Conclusion

Disruptions in routine immunization have made majority of the 
population in LMIRs vulnerable to various outbreaks of VPDs 
like measles, polio, and diphtheria. Although recovery through 
catch-up immunization drives has shown promise, vaccine mis
information and hesitancy persist. The demographic impact of 
COVID-19 on routine immunization programs clearly depicted 
the lack of uniformity in vaccine coverage around the globe. 
This information can help in finding thrust population to pro
vide essential vaccination services. Furthermore, the prospects 
of repurposing existing vaccines and/or cross-protection bene
fits of routine immunization to combat COVID-like outbreaks 
were addressed. The review identified lasting issues as a result of 
pandemic-mediated immunization disruptions and encourages 
preparedness for similar future scenarios.

Acknowledgments

The authors would like to acknowledge the management of VIT, 
Vellore, for providing the necessary facilities to carry out the research. 
RD would also like to thank ICMR for Senior Research Fellowship [ID: 
2021-10632].

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The author(s) reported there is no funding associated with the work 
featured in this article.

CRediT author statement

Soumya Basu: Study design, Literature review, Compilation, Writing – 
Original draft preparation. Gayathri Ashok: Study design, Literature review, 
Data curation, Writing – Original draft preparation. Reetika Debroy: 
Literature review, Visualization, Writing – Original draft preparation. 
Sudha Ramaiah: Conceptualization, Writing – Review and editing. Anand 
Anbarasu: Conceptualization, Validation, Supervision, Writing – Review 
and editing. Paul Livingstone: Conceptualization, Validation, Writing – 
Review and editing.

ORCID

Soumya Basu http://orcid.org/0000-0003-3617-2106
Gayathri Ashok http://orcid.org/0000-0001-5018-4125
Reetika Debroy http://orcid.org/0000-0002-7390-9093
Sudha Ramaiah http://orcid.org/0000-0002-4800-329X
Paul Livingstone http://orcid.org/0000-0002-1694-305X
Anand Anbarasu http://orcid.org/0000-0003-2216-7488

References

1. WHO Coronavirus (COVID-19) Dashboard [Internet]. World 
Health Organization; 2022. https://covid19.who.int/ .

2. WHO. Immunization agenda 2030. A global strategy to leave no 
one behind. [Internet]. World Health Organization; 2022. http:// 
www.immunizationagenda2030.org/ .

3. Abbas K, Procter SR, van Zandvoort K, Clark A, Funk S, 
Mengistu T, Hogan D, Dansereau E, Jit M, Flasche S, et al. 
Routine childhood immunisation during the COVID-19 pan
demic in Africa: a benefit–risk analysis of health benefits versus 
excess risk of SARS-CoV-2 infection. Lancet Glob Health 
[Internet]. 2020;8:e1264–72. doi:10.1016/S2214-109X(20)30308-9.

4. Castilletti C, Capobianchi MR. Polio is back? The risk of polio
myelitis recurrence globally, and the legacy of the severe acute 
respiratory syndrome coronavirus 2 pandemic. Clin Microbiol 
Infect [Internet]. 2022;29:414–6. http://www.ncbi.nlm.nih.gov/ 
pubmed/36503117 .

5. Dinleyici EC, Borrow R, Safadi MAP, van Damme P, Munoz FM. 
Vaccines and routine immunization strategies during the 
COVID-19 pandemic. Hum Vaccines Immunother [Internet]. 
2021;17:400–7. doi:10.1080/21645515.2020.1804776.

6. Shet A, Carr K, Danovaro-Holliday MC, Sodha SV, Prosperi C, 
Wunderlich J, Wonodi C, Reynolds HW, Mirza I, Gacic-Dobo M, 
et al. Impact of the SARS-CoV-2 pandemic on routine immunisa
tion services: evidence of disruption and recovery from 170 coun
tries and territories. Lancet Glob Health. 2022;10:e186–94. doi:10. 
1016/S2214-109X(21)00512-X.

7. SeyedAlinaghi S, Karimi A, Mojdeganlou H, Alilou S, 
Mirghaderi SP, Noori T, Shamsabadi A, Dadras O, Vahedi F, 
Mohammadi P, et al. Impact of COVID-19 pandemic on routine 
vaccination coverage of children and adolescents: a systematic 
review. Heal Sci Rep. 2022;5. doi:10.1002/hsr2.516.

8. Kurasawa K. Maternal vaccination—current status, challenges, 
and opportunities. J Obstet Gynaecol Res [Internet]. 
2022;49:493–509. http://www.ncbi.nlm.nih.gov/pubmed/ 
36444417 .

9. WHO. Classification of Omicron (B.1.1.529): SARS-CoV-2 variant 
of concern [Internet]; 2021. https://www.who.int/news/item/26- 
11-2021-classification-of-omicron-b.1.1.529-sars-cov-2-variant-of 
-concern .

10. Kirola L. Genetic emergence of B.1.617.2 in COVID-19. New 
Microbes New Infect [Internet]. 2021;43:100929. https://linkin 
ghub.elsevier.com/retrieve/pii/S2052297521000937 .

11. UNICEF Supply. Impact of COVID-19 on vaccine supplies 
[Internet]. https://www.unicef.org/supply/stories/impact-covid 
-19-vaccine-supplies .

HUMAN VACCINES & IMMUNOTHERAPEUTICS 7

https://covid19.who.int/
http://www.immunizationagenda2030.org/
http://www.immunizationagenda2030.org/
https://doi.org/10.1016/S2214-109X(20)30308-9
http://www.ncbi.nlm.nih.gov/pubmed/36503117
http://www.ncbi.nlm.nih.gov/pubmed/36503117
https://doi.org/10.1080/21645515.2020.1804776
https://doi.org/10.1016/S2214-109X(21)00512-X
https://doi.org/10.1016/S2214-109X(21)00512-X
https://doi.org/10.1002/hsr2.516
http://www.ncbi.nlm.nih.gov/pubmed/36444417
http://www.ncbi.nlm.nih.gov/pubmed/36444417
https://www.who.int/news/item/26-11-2021-classification-of-omicron-b.1.1.529-sars-cov-2-variant-of-concern
https://www.who.int/news/item/26-11-2021-classification-of-omicron-b.1.1.529-sars-cov-2-variant-of-concern
https://www.who.int/news/item/26-11-2021-classification-of-omicron-b.1.1.529-sars-cov-2-variant-of-concern
https://linkinghub.elsevier.com/retrieve/pii/S2052297521000937
https://linkinghub.elsevier.com/retrieve/pii/S2052297521000937
https://www.unicef.org/supply/stories/impact-covid-19-vaccine-supplies
https://www.unicef.org/supply/stories/impact-covid-19-vaccine-supplies


12. World Health Organization. Immunization coverage [Internet]. 
https://www.who.int/news-room/fact-sheets/detail/immuniza 
tion-coverage .

13. Galles NC, Liu PY, Updike RL, Fullman N, Nguyen J, Rolfe S, 
Sbarra AN, Schipp MF, Marks A, Abady GG, et al. Measuring 
routine childhood vaccination coverage in 204 countries and ter
ritories, 1980–2019: a systematic analysis for the global burden of 
disease study 2020, release 1. Lancet [Internet]. 2021;398:503–21. 
https://linkinghub.elsevier.com/retrieve/pii/S0140673621009843 .

14. World Health Organization. Immunization agenda 2030. 
2022;1–58. https://www.who.int/immunization/ia2030_Draft_ 
One_English.pdf?ua=1 .

15. World Health Organization. Diphtheria tetanus toxoid and per
tussis (DTP) vaccination coverage [Internet]; 2022. https://immu 
nizationdata.who.int/pages/coverage/dtp.html#:~:text=The high 
est estimate of coverage,management or policies%2C etc .

16. World Health Organization. Measles vaccination coverage 
[Internet]; 2022. https://immunizationdata.who.int/pages/cover 
age/MCV.html?CODE=Global&ANTIGEN=MCV2&YEAR= .

17. Chard AN, Gacic-Dobo M, Diallo MS, Sodha SV, Wallace AS. 
Routine vaccination coverage — worldwide, 2019. MMWR. 
2019;69:1706–10. doi:10.15585/mmwr.mm6945a7.

18. Chard AN, Gacic-Dobo M, Diallo MS, Sodha SV, Wallace AS. 
Routine vaccination coverage — worldwide, 2020. MMWR 
Surveill Summ. 2020;69:1706–10. doi:10.15585/mmwr.mm6945a7.

19. The Lancet Regional Health – Southeast Asia. Routine immunisa
tion programmes in southeast Asia: beyond the routine. Lancet 
Reg Heal – Southeast Asia [Internet]. 2023;8:100138. doi:10.1016/j. 
lansea.2022.100138.

20. Shamoun R, Agosta P, Nabati S, Brannan GD, Haglin K, 
Thomas M. Impact of the COVID-19 pandemic on the rate of 
influenza vaccination in a predominately African American preg
nant population. Cureus [Internet]. 2022;14:e30666. http://www. 
ncbi.nlm.nih.gov/pubmed/36426337 .

21. UNICEF Supply. Measles and measles-rubella combination vac
cines: supply and demand update; 2022.

22. Rao SR, Kampan N, Chew KT, Shafiee MN. The impact of the 
COVID-19 pandemic on the national HPV immunization pro
gram in Malaysia. Front Public Health [Internet]. 2022;10:907720. 
http://www.ncbi.nlm.nih.gov/pubmed/35979457 .

23. Chan JFW, Lau SKP, Woo PCY. The emerging novel Middle 
East respiratory syndrome coronavirus: the “knowns” and 
“unknowns”. J Formos Med Assoc. 2013;112:372–81. doi:10. 
1016/j.jfma.2013.05.010.

24. Chard AN, Gacic-Dobo M, Diallo MS, Sodha SV, Wallace AS. 
Routine vaccination coverage—worldwide, 2019. MMWR. 
2019;69:1706–10. doi:10.15585/mmwr.mm6945a7.

25. Harris RC, Chen Y, Côte P, Ardillon A, Nievera MC, Ong-Lim A, 
Aiyamperumal S, Chong CP, Kandasamy KV, Mahenthiran K, 
et al. Impact of COVID-19 on routine immunisation in 
South-East Asia and Western Pacific: disruptions and solutions. 
Lancet Reg Heal – West Pacific [Internet]. 2021;10:100140. doi:10. 
1016/j.lanwpc.2021.100140.

26. Din M, Ali H, Khan M, Waris A, Ullah S, Kashif M, Rahman S, 
Ali M. Impact of COVID‐19 on polio vaccination in Pakistan: 
a concise overview. Rev Med Virol [Internet]. 2021;31. doi:10. 
1002/rmv.2190.

27. Estivariz CF, Kovacs SD, Mach O. Review of use of inactivated 
poliovirus vaccine in campaigns to control type 2 circulating vaccine 
derived poliovirus (cVDPV) outbreaks. Vaccine [Internet]; 2022;41: 
A113–21.  https:// l inkinghub.elsevier.com/retrieve/pii/  
S0264410X22003048 .

28. World Health Organization. Circulating vaccine-derived polio
viruses global update; 2020.

29. Causey K, Fullman N, Sorensen RJD, Galles NC, Zheng P, 
Aravkin A, Danovaro-Holliday MC, Martinez-Piedra R, Sodha SV, 

Velandia-González MP, et al. Estimating global and regional dis
ruptions to routine childhood vaccine coverage during the 
COVID-19 pandemic in 2020: a modelling study. Lancet 
[Internet]. 2021;398:522–34. doi:10.1016/S0140-6736(21)01337-4

30. Taheri Soodejani M, Basti M, Tabatabaei SM, Rajabkhah K. 
Measles, mumps, and rubella (MMR) vaccine and COVID-19: 
a systematic review. Int J Mol Epidemiol Genet [Internet]. 
2021;12:35–9. http://www.ncbi.nlm.nih.gov/pubmed/34336136 .

31. Anbarasu A, Ramaiah S, Livingstone P. Vaccine repurposing 
approach for preventing COVID 19: can MMR vaccines reduce mor
bidity and mortality? Hum Vaccines Immunother. 2020;16:2217–8. 
doi:10.1080/21645515.2020.1773141.

32. Gold JE, Baumgartl WH, Okyay RA, Licht WE, Fidel PL, 
Noverr MC, Tilley LP, Hurley DJ, Rada B, Ashford JW. Analysis 
of measles-mumps-rubella (MMR) titers of recovered COVID-19 
patients. MBio [Internet]. 2020;11:11. doi:10.1128/mBio.02628-20.

33. Ogimi C, Qu P, Boeckh M, Bender Ignacio RA, Zangeneh SZ. 
Association between live childhood vaccines and COVID-19 out
comes: a national-level analysis. Epidemiol Infect [Internet]. 
2021;149:e75. https://www.cambridge.org/core/product/identi 
fier/S0950268821000571/type/journal_article .

34. Miyasaka M. Is BCG vaccination causally related to reduced 
COVID‐19 mortality? EMBO Mol Med [Internet]. 2020;12. 
doi:10.15252/emmm.202012661.

35. Rickett CD, Maschhoff KJ, Sukumar SR. Does tetanus vaccination 
contribute to reduced severity of the COVID-19 infection? Med 
Hypotheses [Internet]. 2021;146:110395. https://linkinghub.else 
vier.com/retrieve/pii/S0306987720332862 .

36. Yagovkina NV, Zheleznov LM, Subbotina KA, Tsaan AA, 
Kozlovskaya LI, Gordeychuk IV, Korduban AK, Ivin YY, 
Kovpak AA, Piniaeva AN, et al. Vaccination with oral polio vac
cine reduces COVID-19 incidence. Front Immunol [Internet]. 
2022;13:907341. doi:10.3389/fimmu.2022.907341.

37. Im H, Ser J, Sim U, Cho H. Promising expectations for pneumo
coccal vaccination during COVID-19. Vaccines [Internet]. 2021;9 
(12):1507. doi:10.3390/vaccines9121507.

38. Kitano T, Aoki H. A model for the incremental burden of invasive 
Haemophilus influenzae type b due to a decline of childhood 
vaccination during the COVID-19 outbreak: a dynamic transmis
sion model in Japan. Vaccine [Internet]. 2021;39:343–9. https:// 
linkinghub.elsevier.com/retrieve/pii/S0264410X20315061 .

39. Chiappini E, Parigi S, Galli L, Licari A, Brambilla I, Angela 
Tosca M, Ciprandi G, Marseglia G. Impact that the COVID‐ 
19 pandemic on routine childhood vaccinations and chal
lenges ahead: a narrative review. Acta Paediatr [Internet]. 
2021;110:2529–35. doi:10.1111/apa.15949.

40. Alkholy UM, Salama ME, Mahmoud H, Taher A, Elsayes KM. 
Could Bordetella pertussis vaccine protect against coronavirus 
COVID-19? J Glob Antimicrob Resist [Internet]. 2020;22:803–5. 
https://linkinghub.elsevier.com/retrieve/pii/S2213716520301806 .

41. Pley CM, McNaughton AL, Matthews PC, Lourenço J. The global 
impact of the COVID-19 pandemic on the prevention, diagnosis 
and treatment of hepatitis B virus (HBV) infection. BMJ Glob 
Health [Internet]. 2021;6:e004275. doi:10.1136/bmjgh-2020- 
004275.

42. Basu S, Ramaiah S, Anbarasu A. In-silico strategies to combat 
COVID-19: a comprehensive review. Biotechnol Genet Eng Rev 
[Internet]. 2021;37:64–81. doi:10.1080/02648725.2021.1966920.

43. Immunization. UNICEF data monit. Situat Child Women.
44. Haynes BF, Corey L, Fernandes P, Gilbert PB, Hotez PJ, Rao S, 

Santos MR, Schuitemaker H, Watson M, Arvin A. Prospects for 
a safe COVID-19 vaccine. Sci Transl Med [Internet]. 2020;12. 
doi:10.1126/scitranslmed.abe0948.

45. Feinmann J. Covid-19: global vaccine production is a mess and 
shortages are down to more than just hoarding. BMJ [Internet]. 
2021;n2375. doi:10.1136/bmj.n2375.

8 S. BASU ET AL.

https://www.who.int/news-room/fact-sheets/detail/immunization-coverage
https://www.who.int/news-room/fact-sheets/detail/immunization-coverage
https://linkinghub.elsevier.com/retrieve/pii/S0140673621009843
https://www.who.int/immunization/ia2030_Draft_One_English.pdf?ua=1
https://www.who.int/immunization/ia2030_Draft_One_English.pdf?ua=1
https://immunizationdata.who.int/pages/coverage/dtp.html#:~:text=The%20highest%20estimate%20of%20coverage,management%20or%20policies%252C%20etc
https://immunizationdata.who.int/pages/coverage/dtp.html#:~:text=The%20highest%20estimate%20of%20coverage,management%20or%20policies%252C%20etc
https://immunizationdata.who.int/pages/coverage/dtp.html#:~:text=The%20highest%20estimate%20of%20coverage,management%20or%20policies%252C%20etc
https://immunizationdata.who.int/pages/coverage/MCV.html?CODE=Global%26ANTIGEN=MCV2%26YEAR=
https://immunizationdata.who.int/pages/coverage/MCV.html?CODE=Global%26ANTIGEN=MCV2%26YEAR=
https://doi.org/10.15585/mmwr.mm6945a7
https://doi.org/10.15585/mmwr.mm6945a7
https://doi.org/10.1016/j.lansea.2022.100138
https://doi.org/10.1016/j.lansea.2022.100138
http://www.ncbi.nlm.nih.gov/pubmed/36426337
http://www.ncbi.nlm.nih.gov/pubmed/36426337
http://www.ncbi.nlm.nih.gov/pubmed/35979457
https://doi.org/10.1016/j.jfma.2013.05.010
https://doi.org/10.1016/j.jfma.2013.05.010
https://doi.org/10.15585/mmwr.mm6945a7
https://doi.org/10.1016/j.lanwpc.2021.100140
https://doi.org/10.1016/j.lanwpc.2021.100140
https://doi.org/10.1002/rmv.2190
https://doi.org/10.1002/rmv.2190
https://linkinghub.elsevier.com/retrieve/pii/S0264410X22003048
https://linkinghub.elsevier.com/retrieve/pii/S0264410X22003048
https://doi.org/10.1016/S0140-6736(21)01337-4
http://www.ncbi.nlm.nih.gov/pubmed/34336136
https://doi.org/10.1080/21645515.2020.1773141
https://doi.org/10.1128/mBio.02628-20
https://www.cambridge.org/core/product/identifier/S0950268821000571/type/journal_article
https://www.cambridge.org/core/product/identifier/S0950268821000571/type/journal_article
https://doi.org/10.15252/emmm.202012661
https://linkinghub.elsevier.com/retrieve/pii/S0306987720332862
https://linkinghub.elsevier.com/retrieve/pii/S0306987720332862
https://doi.org/10.3389/fimmu.2022.907341
https://doi.org/10.3390/vaccines9121507
https://linkinghub.elsevier.com/retrieve/pii/S0264410X20315061
https://linkinghub.elsevier.com/retrieve/pii/S0264410X20315061
https://doi.org/10.1111/apa.15949
https://linkinghub.elsevier.com/retrieve/pii/S2213716520301806
https://doi.org/10.1136/bmjgh-2020-004275
https://doi.org/10.1136/bmjgh-2020-004275
https://doi.org/10.1080/02648725.2021.1966920
https://doi.org/10.1126/scitranslmed.abe0948
https://doi.org/10.1136/bmj.n2375

	Abstract
	Introduction
	The COVID vaccine scenario and impact
	Global perspectives on routine vaccine disruptions
	Population coverage of routine vaccines
	Pre-COVID-19 phase
	COVID-19 phase
	COVID-19 recovery phase

	Routine vaccine disruptions in specific regions
	Causes and consequences of vaccine disruptions
	Can routine immunization alleviate COVID-like outbreaks?
	Recovery and preparedness
	Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	CRediT author statement
	ORCID
	References

